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HEWLETT h PACKARD u 
Instruments in this catalog are arranged by function and 
are preceded by technical information pages which sum- 
marize measuring techniques and provide information help- 
ful  for selecting instruments best suited for specific tasks. 

Suggestions f o r  rommzltzicatiizg with Hewlett-Packard and 
for ordering is provided on the next page; information 
about Hewlett-Packard and available Services is on pages 
1 through 14. 

Gas Chromatographs; Preparative Gas 
Chromatographs; Carbon-Hydrogen- 
Nitrogen Analyzer; Microwave 
Spectrometer; Molecular Weight 
Determination: Osmometers, 
Auto-Viscometer 

Chemical 
Instrumentation 

Diagnostic, Clinical Instruments; Patient 
Monitoring, intensive care; Patient 
Monitoring, operating room; 
Research Instruments; ECG Accessories 

Medical 
Instrumentation 

Digital System Elements; Data Acquisition 
Systems; Digital Recorders; X - Y  Recorders; 
Strip Chart Recorders; Oscillographic 
Recorders; Magnetic Tape Recorders 

Data Acquisition 
Systems 

and Recorders 
Solid-state Devices; Working Standards; 
Voltage, Current, Resistance; Impedance; 
Coaxial, Waveguide; Communications 
Test Equipment; Signal Sources; 
Mixers, Modulators, Attenuators; Power; 
Noise Figure; Wave, Distortion, 
Spectrum Analyzers; Amplifiers; 
Oscilloscopes; D C  Power Supplies; Electronic 
Counters; Frequency-Time Standards; 
Frequency Synthesizers; Nuclear; 
Temperature; Physical; Leak, Friction 
Detectors; Cabinets, Hardware 

Electronic 
Instrumentation 

and Components 
& 

Functional Index 
Model Number Index 
Sales and Service Office Index 

Indexes 
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HOW TO COMMUNICATE / E  WITH HEWLETT-PACKARD ABOUT HEWLETT-PACKARD 

Hewlett-Packard products are manufactured in factories lo- 
cated throughout the free world. The Hewlett-Packard field 
sales office, representative, or distributor in your area is 
equipped to handle all your needs for information on any H P  
product, and for parts or service on H P  products you are al- 
ready using. A listing of field offices, representatives and distrib- 
utors is at the back of this catalog. If none is listed for your 
area, please contact: 

United States of America 
Hewlett-Packard 
1501 Page Mill Road 
Palo Alto, California 94304 
Telephone: (415) 326-7000 

Telex: 34-8461 

Canada and Latin America 
Hewlett-Packard 
Inter- Americas 
1501 Page Mill Road 
Palo Alto, California 94304, 
USA 
Telephone: (415) 326-7000 
Telex: 034-8461 
Cable: HEWPACK 

T W X :  910-373-1267 

Europe 
Hewlett-Packard S.A. 
54 Route des Acacias 
Geneva, Switzerland 
Telephone: (022) 42 81 50 
Telex: 2.24.86 
Cable: HEWPACKSA 

Africa, Asia, Australia 
Hewlett-Packard 
Export Marketing 
1501 Page Mill Road 
Palo Alto, California 94304, 
USA 
Telephone: ( 4 1 5 )  326-7000 
Telex: 034-8461 
Cable: HEWPACK 

Order by model number 

When you order, please specify the catalog model number 
and name of instrument desired. For example, “Model 180A 
Oscilloscope.” To  prevent misunderstanding, include significant 
specifications. Whenever you want special options or features 
such as  special color, non-standard power line voltage, etc., in- 
clude specific instructions. 

Many Hewlett-Packard instruments are supplied in cabinets 
along with easily attached hardware for direct mounting in 19” 
equipment racks. Other H P  instruments are available in cab- 
inets for bench use or with 19”panels (for example, “180AR”) 
for rack mounting. Catalog listings indicate the availability of 
cabinet or rack mounting arrangements. Please be sure your 
order indicates which you desire. 

Price and delivery information 

The illustrations and product information herein were cur- 
rent at the time this catalog was approved for printing. How- 
ever, in order to continue to offer the finest instrumentation 
available, Hewlett-Packard Company reserves the right to 
change specifications, designs, models or prices without notice 
and without liability for such changes. Prices listed are F.O.B. 
USA factory or warehouse. Consult your nearest field sales 
office to confirm prices and to obtain current delivery informa- 
tion. 

Local technical assistance 

Technical assistance in selecting equipment and preparing 
orders is available, without charge, from field engineers at sales 
offices in the USA and in principle areas throughout the world. 

FOR CUSTOMERS IN THE USA 
Where to send your order 

Your order should be made out to the Hewlett-Packard 
Company and sent to the H P  field office nearest you. Each field 
office has special communication channels to the Hewlett- 
Packard factories to assure prompt and efficient handling of 
your order. 

Shipping methods 

Shipments to destinations in the USA are made directly from 
local factories or warehouses. Unless specifically requested 
otherwise, express or truck transportation is used, whichever is 
less exEensive and most serviceable to you. Small items are sent 
parcel post. If rapid delivery is needed we will gladly ship by 
the more expensive methods of air freight, air express, or air 
parcel post when specified on your order. In many parts of the 
USA a consolidated air freight service provides the speed of 
air transport a t  surface rates. Ask your field engineer for details. 

Terms 

Terms in the USA are 30 days net. Unless credit has already 
been established, shipments will be made C.O.D., or on receipt 
of cash in advance. 

Quotations 

Upon request, quotations including destination prices, will 
be furnished to you by your local Hewlett-Packard sales office. 

FOR CUSTOMERS OUTSIDE THE USA 
Where to send your order 

In many countries, your order can be placed directly on your 
local Hewlett-Packard distributor or representative (listed at  
the back of this catalog). If there is none, as yet, in your area, 
your order should be placed directly on one of the offices listed 
on this page. 

Shipping methods 

Shipments to customers outside the USA or Western Europe 
are made from the appropriate Hewlett-Packard facility by 
either surface or air, as requested. Sea shipments usually require 
commercial export packaging at a nominal extra charge. 

Terms 

Terms for orders from countries outside the United States of 
America which are placed on the Hewlett-Packard Company, 
Hewlett-Packard S.A., or Hewlett-Packard Inter-Americas, are 
irrevocable letter of credit or cash in advance, unless other 
terms have been arranged previously. Terms for orders placed 
on authorized Hewlett-Packard distributors are mutually de- 
termined between the customer and the distributor. 

Quotations and pro forma invoices 

FAS, CIF, C&F, etc. quotations or pro forma invoices, as well 
as exportation and importation assistance, are available on re- 
quest from local authorized Hewlett-Packard sales office or 
representative and from the offices listed on this page. 
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OPERATIONS ABOUT HEWL ETT-PACKARD 

“I often say that when you can measure what you are speaking abozct, 
and express it in numbers, you know something about it; but when you 
cannot measure it, when you cannot express it in numbers, your knowl- 
edge is of a meager and unsatisfactory kind. . .” 

Lord Kelvin (1824-1907) 

Instruments for measurement are Hewlett-Packard’s busi- 
ness. Electronic, chemical, and medical instrumentation 
products in the HP family now number more than 1500. 

Since its founding in Palo Alto, California, in 1939, 
Hewlett-Packard has grown from a two-man operation into 
a world-wide organization of more than 11,000 people, with 
annual sales volume exceeding $200,000,000. 

T h e  company and its affiliates now have more than a 
dozen manufacturing plants, including two in Western 
Europe and one in Japan. Sales and service offices are located 
in nearly every major city in the free world. 

The  original Hewlett-Packard products were electronic 
measuring instruments. With growth, the company’s product 
family has expanded, and now it includes instruments for 
chemical and biomedical measurement and analysis. The 
development of new techniques for temperature measure- 
ment led Hewlett-Packard into the scientific instrument field; 
broadening involvement in that area is expected, through 
additional contributions. Hewlett-Packard believes that, in 
the future, the use of high-speed data handling and electronic 
computational techniques in instrumentation will lead it to 
more complex application opportunities for contribution in 
the instrument field. 

The key to prospective involvement by Hewlett-Packard 
in any field of interest is conti.ibzitioiz, Its philosophy of di- 
versification and expansion is founded upon the concept of 
building on present strength. 

At Corporate headquarters, in Palo Alto, California, are 
located the executive and administrative offices, and Hewlett- 
Packard Laboratories, the advanced research and develop- 
ment arm of the corporation. 

Hewlett-Packard manufacturing operations 
Hewlett-Packard is organized into the product-centered 

divisions and affiliates listed below to assure concentrated 
effort in developing true state-of-the-art measuring tools, and 
to provide the specialized manufacturing experience and 
know-how that results in instrument quality and reliability. 

Colorado Springs Division 
Colorado Springs, Colorado - Oscilloscopes (dc through 

X-band, including storage), time domain reflectometers, 
pulse generators, 

Delcon Division 
Mountain View, California - Ultrasonic translator de- 

tectors for telephone and industrial applications, telephone 
speech scrambling equipment, buried cable fault locators, 
open fault locators. 

Dymec Division 
Palo Alto, California - Data acquisition instruments and 

systems, instrumentation computers, digital voltmeters, 
quartz thermometers, data amplifiers, signal-conditioning 
equipment. 

F & M Scientific Division 
Avondale, Pennsylvania - Gas chromatographs, acces- 

sories and services, osmometers, C H N  analyzers. 

Frequency and Time Division 
Palo Alto, California - Electronic counters, quartz and 

atomic frequency standards, frequency synthesizers, digital 
printers, nuclear instrumentation. 
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MANUFACTURING OPERATIONS 

Harrison Division 
Berkeley Heights, New Jersey - Regulated dc power 

supplies and related equipment. 

Hewlett-Packard G.m.b.H 
Boblingen, West Germany - Audio analysis equipment 

and pulsers for world-wide distribution; also some of Hew- 
lett-Packard's most widely used instruments for the European 
Common Market. 

Hewlett-Packard Ltd. 
South Queensferry, Scotland - Communications test 

equipment for world-wide distribution; also Hewlett-Pack- 
ard's more popular instruments for the British, EFTA, and 
Commonwealth markets. 

HP Associates (a subsidiary) 
Palo Alto, California - Solid-state devices including hot- 

carrier, step-recovery and P I N  diodes, microwave switches, 
optoelectronic detectors and sources. 

Loveland Division 
Loveland, Colorado - Analog and digital voltmeters, os- 

cillators and signal generators, ammeters, ohmmeters, work- 
ing standards for voltage and resistance, distortion analyzers, 
communications test equipment. 

Microwave Division 
Palo Alto, California - Microwave instruments, sweep 

and signal generators, signal sources, wave, phase and spec- 

trum analyzers for microwave and high frequencies, analog 
instrumentation magnetic tape recorders. 

Moseley Division 
Pasadena, California - X - Y  plotters, laboratory and in- 

dustrial potentiometric strip-chart recorders and accessories. 

Rockaway Division 
Rockaway, New Jersey - Impedance and Q meters, in- 

ductance standards, high-frequency signal sources and signal 
generators, air navigation test sets, 

Sanborn Division 
Waltham, Massachusetts - Medical and biophysical in- 

strumentation, oscillographs, transducers, signal-condition- 
ing equipment, instrumentation amplifiers. 

Yokogawa-Hewlett-Packard Ltd. (a joint venture) 
Tokyo, Japan - Impedance measuring instruments, oscil- 

lators, power supplies for world-wide distribution; also more 
popular Hewlett-Packard instruments for the Japanese mar- 
ket. 

Applications assistance 
Hewlett-Packard provides complete applications assistance 

and after-sale back-up through more than 170 sales and serv- 
ice offices situated around the world, Contact the office near- 
est you (listed at the back of this catalog) next time you 
have a measurement need. 
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SERVICES TOTAL SERVICE--PROVIDED WITH rp 

For nearly three decades, users of measuring instrumenta- 
tion have found that they can rely on the integrity of Hewlett- 
Packard. This customer confidence has built Hewlett-Packard 
into one of the world's foremost manufacturers of electronic 
and scientific measuring instruments. 

Companies making sophisticated measuring instruments 
have a special responsibility to their customers because of 
the highly critical ways in which instruments of this kind 
are often used. Whether the use is found in the maintenance 
of international communications, in the control laboratory of 
a petroleum refinery, or in a hospital operating room, it is 
essential that the equipment's performance meet its advertised 
specifications. 

In  recognition of this responsibility, Hewlctt-Packard 
firmly adheres to the philosophy that its obligation to you 
as a customer does not end when your new instrument is 
delivered. In purchasing an HP measuring instrument, you 
are purchasing a way to do a job. You have the right to 
expect that your instrument will continue to do this job 
today, tomorrow, next week, and for a reasonable number 
of months and years in the future. 

Hewlett-Packard implements this philosophy in two ways: 
(1) by initially making sure that it designs and builds for 
H P  customers the finest, most reliable instruments possible, 
and ( 2 )  by backing up  those instruments with a customer 
service program which can respond with speed and com- 
pleteness to H P  customers' needs. 

This customer service program is one of the most im- 
portant facets of Hewlett-Packard's worldwide operations. 
Directly involved in it at present are some 600 people located 
throughout the company. 

. , , HP's  customer service begins during the in- 
strument design phase. Service engineers in each 
manufacturing division work closely with design 
and manufacturing engineers to assure that every 
instrument is as easily serviceable as possible. 

. , , More than 100 H P  field sales offices lo- 
cated in North America and abroad provide rapid 
and convenient service for Hewlett-Packard in- 
struments, You need not correspond with a fac- 
tory several thousand miles away for repair ser- 
vice, replacement parts, and technical assistance. 

. . , Backing up these local offices are major 
service centers equipped with extensive replace- 
ment parts inventories and facilities for major 
overhauls and large calibration and repair opera- 
tions. Presently serving HP's  customers are two 
service centers in the U.S. and one in Europe, 
with more planned for the future. 

Listed below are the elements of Hewlett-Packard's 
customer service program. The following pages briefly de- 
scribe some of the benefits available to you as an H P  
customer under each of these headings: 

0 T H E  HEWLETT-PACKARD WARRANTY 
0 PRE-SALE PRODUCT INFORMATION 
0 TECHNICAL PUBLICATIONS 
0 TECHNICAL T R A I N I N G  PROGRAMS 
0 REPLACEMENT PARTS 
0 REPAIR SERVICE 
0 CUSTOMER SERVICE AGREEMENTS 
0 RECALIBRATION A N D  STANDARDS 

CALIBRATION 

/ 

Hewlett-Packard gears its entire operation to one goal-the satisfied customer. 
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SERVICES THE HEWLETT-PACKARD WARRANTY 

When you buy a Hewlett-Packard instrument, you can 
count on receiving an instrument built with quality materials 
and workmanship. You can be sure that this instrument will 
perform as reliably and consistently as possible for a sophisti- 
cated piece of equipment. 

The Hewlett-Packard warranty is an expression of confi- 
dence in the ability of H P  instruments to measure up to this 
standard of performance. 

The following warranty is the heart of an important and 
enduring Hewlett-Packard aim-to satisfy you initially and 
to keep you satisfied. It guarantees you an instrument which 
will perform the way you expect it to perform. It is backed by 
nearly 30 years of experience in the manufacture of precision 
measuring instruments: 

/ 

Certification 

Hewlett-Packasd certifies that this instrumeizt was thor- 
oughly tested and inspected aizd found  to meet its published 
specifications wheiz it was shipped f rom the factoty. Hewlett- 
Packard furthes certifies that its calibration measurements ase 
tsaceable to the U S .  National Buseau o f  Standards to  the 
extent allowed by the Buseau’s calibration facility. 

Warranty 

A l l  Hewlett-Packasd products ase warranted against de- 
fects iiz matesials and woskmanship. This  wasranty applies 
f o s  one yeas f som the date o f  delivery, os, in the  case of 
certain major componeizts listed in the operating manual, 
fo? the specified period. We will sepais os replace products 
which prove to be defective duriizg the wassanty period. No 
other warranty is expressed os implied. W e  ase not liable 
f o r  consequential damages. 

Ease of service is an important consideration during 
the various instrument design stages. 

Production lines are designed to  provide optimum 
worker accuracv and efficiencv. 

Every instrument manufactured is subjected to  a 
thorough mechanical test. 

A complete electrical test is also made to  ensure that 
each instrument meets its published specifications. 

Modern packing procedures minimize damage in 
transit. 
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PRE-SALE PRODUCT INFORMATION S Et? VICES 

To help you as a prospective buyer of measuring in- 
strumentation make the best possible purchasing decision, 
Hewlett-Packard devotes a considerable amount of attention 
to making available accurate and complete product informa- 
tion. 

Technical Data Sheets 

When you need information about a specific Hewlett- 
Packard instrument or system, HP's technical data sheets 
are a convenient and informative source of detailed data and 
specifications. These data sheets are well-written and amply 
illustrated with photographs, diagrams, and charts, 

A Highly Qualified Field Sales Force 

Hewlett-Packard is proud of the members of its sales 
organization located throughout the world. These men are 
carefully selected and well trained in the capabilities of H P  
products and the needs of instrumentation users. You can 
rely on your local H P  field instrumentation specialist for 
sound technical information and for accurate, concise answers 
to your questions. 

Staff Engineers 

When you need technical assistance in a hurry, the quickest, 
most efficient source of information is your field sales office 
staff engineer. He's as near as your telephone - always 
available and ready to answer your call. 

As the in-office counterpart of your H P  field specialist, 
the H P  staff engineer works together with him in providing 
you with the finest possible technical assistance. If you need 
applications information or technical data on H P  products, 
be sure to give your local staff engineer a call. 

Demonstration Instruments 

To make it possible for you to get a close look at the 
capabilities of Hewlett-Packard instruments, H P  demonstra- 
tion vans travel around the U. S. and other parts of the 
world making frequent demonstration stops. These vans 
offer you a chance to see and evaluate H P  instruments in 
working displays. 

Special Instrument Modifications 

With Hewlett-Packard's broad product base, standard in- 
struments may often be modified to meet a wide variety of 
special applications. HP's  divisionalization of product groups 
permits flexibility in manufacturing methods, and provides 
almost unlimited potential for special modifications, If you 
have a unique application and cannot find a standard instru- 
ment to do the job, check with your local H P  field specialist. 
H e  is always ready to help you solve your measurement 
problems. 
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SERVICES TECHNICAL PUBLICATIONS 

Sophisticated measuring instruments are L’ery often rather 
intricate pieces of hardware. T o  take full advantage of the 
capabilities of these instruments, users generally have to fa- 
miliarize themselves with a considerable amount of highly 
technical information. The primary source of this informa- 
tion for a particular instrument is the written material sup- 
plied by the manufacturer of that instrument. 

Recognizing this responsibility, Hewlett-Packard devotes 
unusual attention to developing and distributing to its cus- 
tomers the most informative, readable, and generally useful 
written material of any manufacturer of measuring instru- 
mentation. 

Operating and Service Manuals 
The most important publication of all to a customer is 

the Operating and Service Manual for his instrument. 
Hewlett-Packard’s Operating and Service Manuals are 

outstanding technical publications-logically organized, 
well written, containing ample photographs, diagrams, and 
illustrations, and compatible with several publications stand- 
ards. Included in each manual are sections covering the 
theory of operation, operating instructions, maintenance and 
calibration information, and a table of replacement parts. 

A manual is supplied with each new instrument. As a 
further service, extra manuals for all current Hewlett-Pack- 
ard instruments, as well as for many older instruments, are 
also available at reasonable cost. 

Service Notes 
This series of technical publications is intended primarily 

as a vehicle for disseminating repair and maintenance in- 
formation on Hewlett-Packard instruments. Acting as a con- 
venient means of updating customers’ Operating and Service 
Manuals, Service Notes cover such topics as new or special 
calibration techniques, instrument modifications, and special 
repair procedures-all written in a detailed manner. Ask 
your local field specialist for a copy of the Service Note Index 
so you can order those Service Notes of interest to you. 
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TECHNICAL PUBLICATIONS SERVICES 
A 

Bench Briefs 
This newsletter briefly describes new Service Notes and 

other service publications as they become available. Servic- 
ing tips and suggestions which may be helpful to you are 
also included. Your local Hewlett-Packard field sales office 
will be happy to place your name on the regular Bench Briefs 
mailing list. 

Application Publications 
Hewlett-Packard application publications generally deal 

with individual measurement problems and offer sugges- 
tions and guidelines for developing analytical systems to 
meet these problems. Hewlett-Packard's two main applica- 
tion publications are Application Notes, primarily directed 
at the electronic discipline, and Applications Lab Report, 
intended mainly for chemical instrumentation users. 

Because of their specialized nature, Hewlett-Packard's ap- 
plication publications are distributed by individual request. 
Your local field sales office will be glad to provide a list of 
application publications available. 

Measurement News 
Announcements of new electronic instruments and articles 

of local interest are brought to you by your local field office 
in this bi-monthly publication. Also included are descriptions 
of new application publications as they become available. Ask 
your HP field sales office to place you on the regular mailing 
list. 
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TECH N I CAL PER1 0 D I CALS -& SERVICES FROM HEWLETT-PACKARD 

The Hewlett-Packard Journal 

m - P A C K A R D  JOURNAL 

SEFTEMBER 1966 

The Hewlett-Packard Journal is recognized as one of the 
most widely read engineering magazines in the electronics 
field. A monthly publication, the Journal contains authori- 
tative articles by H P  electronics engineers and scientists on 
the subjects of new instrumentation, measuring techniques, 
and related topics, 

To be added to the circulation records, contact any H P  
field office or write: Editor, Hewlett-Packdrd Journal, 1501 
Page Mill Road, Palo Alto, California, 94304. 

Facts and Methods 
for Scientific Research 

Facts and Methods for Scientific Research-pub- 
lished bi-monthly by the H P  Chemical Applications 
Laboratory- is devoted to reporting the results of 
applications work and new technological develop- 
ments in the field of chemical instrumentation. 

To receive future issues of Facts and Methods, 
send your name and address to any H P  field sales 
office or 1501 Page Mill Rd., Palo Alto, California 
94304. 

Measuring for Medicine 
and the Life Sciences 

Measuring for Medicine and the Life Sciences, a 
quarterly publication from Hewlett-Packard’s San- 
born Division, demonstrates by reports of actual 
applications how Sanborn and other H P  instrumen- 
tation helps medicine and the life sciences obtain 
information on living processes-accurately, rap- 
idly, znd in the most meaningful form. 

If you are interested in receiving Measuring fov 
Mediciize, contact your H P  field sales office or 1501 
Page Mill Rd., Palo Alto, California 94304. 
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TECHNICAL TRAINING PROGRAMS SERVICES 

To help assure that Hewlett-Packard customers are satis- 
fied customers, H P  makes available an extensive schedule of 
training courses, or training “seminars”, that are designed to 
help users of measuring instruments maximize the efficiency 
of their equipment. 

Seminar Content 
The seminars available to you from H P  can be classified 

in two types. The  first has to do with uiizg equipment ef- 
fectively. Subject matter generally includes the theory and 
application of a particular measuring technique, and the 
approach that H P  has followed in developing an instrument 
to make use of this technique. This type of training session 
is called an “Applications Seminar”. 

The  second type of seminar has to do with ways and 
means of muintuiiziizg equipment-in terms of both repair 
and calibration. This program is intended primarily for 
service technicians, and is called a “Service Seminar”. By 
taking advantage of it, you can have factory trained tech- 
nicians in your own facility. 

Training Locations 
Both of these seminars are available to you in two loca- 

tions-at H P  field sales offices and at H P  manufacturing 

plants. Seminars conducted in field sales offices generally 
cover a given product area, such as oscilloscopes, nuclear in- 
struments, gas chromatographs, etc., and last for 1-3  days. 

Seminars conducted at manufacturing plants offer broader 
and deeper product coverage and generally last for one or 
two weeks, Portions of this training are tailored to individ- 
ual needs where possible. Practical user experience in opera- 
tion, repair, and calibration is emphasized. 

Seminar Arrangements 
All sessions are conducted by technically competent in- 

structors who are experienced in instructional techniques. 
Your local H P  field sales office will be glad to provide 

you with the schedule of seminars coming up in future 
months. In the case of field seminars (both applications and 
service) , scheduling depends largely on the preferences ex- 
pressed by customers, So if you would like to see a particular 
seminar offered in your area, be sure to mention it to your 
local field sales office. 

Of course, there is no charge for any Hewlett-Packard 
training seminar. Your only cost is for your own transporta- 
tion, lodging, and meals. If you wish, H P  will be happy to 
help you arrange for lodging. 

/’ 
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SERVICES REPLACEMENT PARTS 

/ 

Inventories 
Prompt instrument maintenance, done either in your fa. 

cility or by Hewlett-Packard, depends on the immediatc 
availability of replacement parts. For this reason, HP main. 
tains extensive parts inventories at its field sales offices 
in many locations. These field sales offices are backed up 
by service centers, which maintain full factory level inven. 
tories, including many parts for older H P  instruments. 

Parts Identification 
As mentioned earlier, every HP instrument manual has a. 

“Table of Replacement Parts” to make it easy for you to 
identify parts you wish to replace. 

If you need further help in identifying replacement parts, 
be sure to call your Hewlett-Packard field sales office, Each 
office maintains extensive technical files to help identify 
parts rapidly, and further support is given each office by the 
service centers, which have complete microfiles including; 
many of the older products. This capability provides com- 
plete information in a matter of seconds. 

Delivery Time 
When it comes to replacement parts, customers have a. 

right to expect product quality and fair value from their 
supplier. From Hewlett-Packard, this is exactly what they 
receive. Customers also have a right to expect fast delivery. 
Wi th  its extensive distribution of field sales offices and con- 
venient local inventories, H P  is uniquely qualified to provide 
fast delivery. 

Normally, a replacement part order received by a USA 
field sales office will be filled and shipped the same day. Even 
if the office does not have the part in stock, this speed is not 
lost thanks to a computerized dataphone communications 
system linking each field office and service center. 

In the USA if a field sales office receives an order for a 
part which it cannot supply, the order will be instantly re- 
layed to a service center via the dataphone link, The  order 
is then filled and shipped directly to the customer by the 
service center. 

Hewlett-Packard can in this way offer unusual speed in 
the delivery of replacement parts. 

AT LEAST 90% OF THE ORDERS FOR RE- 
PLACEMENT PARTS RECEIVED BY AN H P  FIELD 
SALES OFFICE WILL BE SHIPPED THE SAME 

SELF OR FROM A SERVICE CENTER. 
DAY - EITHER FROM THE SALES OFFICE IT- 
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SERVICES SI REPLACEMENT PARTS 

1 A wide variety of instrument accessories are always 
available for Hewlett-Packard Products. 

I Shown here is the modification kit for the internal 
light source of the model 196A oscilloscope camera. 

I These items make UD a mare  Darts kit for the model 

Other Supplies 
In addition to the usual replacement parts, Accessories and 

Operating Slipplies are also in stock ready for immediate 
delivery. 

Modificution Kits may also be ordered from your nearby 
field sales office. Two publications from H P  Customer Ser- 
vice, “Service Notes” and “Bench Briefs” (referred to earlier 
under TECHNICAL PUBLICATIONS), keep you abreast 
of modifications which are available. 

Several types of Spare Parts Kits are available to sustain 
continuous operation from your H P  instruments when they 
are being used in an isolated area, or  where loss of the 
instrument’s use would be extremely critical. “Running 
Spares” and “Isolated Service Kits” offer varying degrees 
of completeness, and you can choose the kit that most nearly 
satisfies your requirements. 

Ordering Procedure 
When ordering a replacement part or supply item, please 

specify: (1) the H P  stock number for the part, and ( 2 )  its 
complete name as indicated in the “Table of Replacement 
Parts” in your Operating and Service Manual. Since the 
characteristics of a given component may have been altered 
in subsequent production changes, you should be sure to take 
this information from the Operating and Service Manual you 
originally received with the instrument, 

As indicated above, your local field sales office can also 
provide help in parts identification. If you do place an order 
for a part without a stock number, please include the instru- 
ment model number, its serial number, a complete descrip- 
tion of the part, its function, and its location within the 
instrument. 
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SERVKES REPAIR SERVICE 

Hewlett-Packard is always prepared to back its products 
with the best possible repair service at a fair price. 

To this end, most H P  field sales offices throughout the 
world have repair and maintenance groups. These offices are 
backed by service centers which have complete maintenance 
facilities, sophisticated test equipment, factory trained spe- 
cialists, and a full line of replacement parts. You are thus 
able to deal with one local H P  sales office for all your instru- 

/ mentation needs. 

customers reasonably expect to pay for the benefits received. 
In addition to needed repairs, H P  performs calibration, pre- 
ventive maintenance, and both mechanical and electrical in- 
spection to ensure satisfactory operation and a prolonged 
life for your H P  instruments. 

H P  also offers extensive overhaul services for older instru- 
ments, These models can often be rebuilt to meet the specifi- 
cations of the current production models. If a model is no 
longer manufactured, an overhaul will restore the instrument - 

Service is always provided at a price which reflects a fair 
value for the work actually done and is consistent with what 

to its original usefulness. 
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CUSTOMER SERVICE AGREEMENTS SERVICES 

Many Hewlett-Packard customers have found that they can 
eliminate guesswork from their instrument maintenance pro- 
gram and save money at the same time by joining H P  in a 
Customer Service Agreement, 

This is a well defined service program that can reduce 
your costs by making sure that your instruments are operat- 
ing properly, by minimizing instrument downtime, and by 
extending the useful life of your instruments. For a basic 
annual cost agreed upon by you and Hewlett-Packard, you 
can let H P  assume your maintenance responsibilities and, in 
so doing, reduce your own resources tied up  in maintenance. 

Three types of Customer Service Agreements are available. 
The  first is an instwmetzt maintenance agreement, with either 
on-site or in-shop service available. The  second is a systems 
service program, with the work usually done at your location. 
The  third is a resideizt service agreement, in which a factory- 
trained H P  service specialist is stationed at your location to 
handle maintenance for your H P  equipment. 

The services available include (1) calibration and pre- 
ventive maintenance, ( 2 )  emergency repair service, ( 3 )  free 
parts replacement (except for parts valued at more than 
$100, and except in the case of resident agreements), and 
( 4 )  additional features as follows , . . your choice of either 
in-shop (in H P  facilities) or on-site (at your location) 
service. . . pick-up and delivery for in-shop service. . . the 
addition of new H P  instruments to the contract at no charge 
. . . a discount of 10% for new systems installations. . . 
standards lab capabilities for special requirements. 

Hewlett-Packard’s Customer Service Agreement program 
is based on the extensive histories of service and repair in- 
formation which have been collected on each H P  instrument. 
By taking advantage of this information in the context of 
an H P  Customer Service Agreement, you can improve the 
usefulness and efficiency of each of your instruments, and 
do it at a fair price. 

Contact your H P  field sales office for more information. 

f 

I Maximum eauipment use Minimized downtime Trained repair sDecialists Known annual cost 

New instrum 

I 10% discount on systems Day and night service Defective parts replaced free Standards lab calibration 
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~ - - - - __ __ 
RECALIBRATION AND 

SERVICES E STANDARDS CALIBRATION 
I -  

To insure that an electronic instrument continues to per- 
form reliably, its operation should be routinely verified from 
time to time. Each Hewlett-Packard operating and Service 
Manual provides the information you need to recalibrate 
instruments in your own facility, If you prefer, the local HP 
sales office will be happy to arrange your recalibration for 
you. 

In addition to this normal recalibration service, Hewlett- 
Packard also offers a standards calibration service for a wide 
variety of components, instruments and systems. 

/ 

A standards calibration generally consists of obtaining the 
necessary corrections to be applied so that an instrument can 
be used with improved accuracy. In other cases, the standards 
calibration report is evidence of compliance with require- 
ments for traceability to the National Bureau of Standards, 
important in government contracts. 

/ 

The calibration report issued on every calibration gives 
the measurement conditions, a brief description of the tech- 
nique used, the measurement uncertainty, the statement of 
traceability, and the actual test data, expressed in the most 
useful form. HP's  standards capabilities cover almost all of 
the usual electronic quantities, at frequencies from dc to  40 
GHz. An instrument of any manufacture can be calibrated, 
provided only that it is in good condition and shows the 
requisite stability. 

Most customer standards calibrations are done by the 
Measurement Standards Laboratory at HP's headquarters in 
Palo Alto, California. As a further service, however, many of 
the HP field sales offices have been equipped with standards 
calibration capabilities for selected types of measurements. 

Contact your local Hewlett-Packard field sales office for 
more information on the recalibration and standards calibra- 
tion services available to you from HP. 

Recalibrations are performed by factory trained 
technicians at local field service facilities 

HP's flying clocks are used by major world time 
keeping centers to  calibrate their t ime standards. 

The DC Room in HP's Palo Alto Standards Laboratory has temperature controlled within +O.O3"C. 
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INTRODUCTION CHEMICAL IIVSTRUMENTATION 

Dual thermal 
conductivity (Dtc) 
Electron 
capture (Ec) 
Df and Dtc 
Df and Ec 
Df and Dtc 
and Ec 

/ 

5752A 

5753A 
5754A 
5755A 

5756A 

Long recognzed as the foremost sup- 
plier of electronic instruments for the 
engineer, Hewlett-Packard has more 
recently become an important source 
of laboratory instrumentation for the 
chemist. Chemical instrumentation from 
Hewlett-Packard reaches into four dis- 
tinct areas: 

Dual thermal 
conductivity 
Dual flame 
Electron 
capture 
Micro cross 
section 

1-Analytical gas chromatography 
Although less than 1 5  years old, gas 

chromatography has taken over from 
classical and other instrumental methods 
the bulk of analytical work performed in 
chemical laboratories around the world. 
There is an excellent reason for the 
revolutionary effect of the gas chromato- 
graph on analytical chemistry: no other 
method gets more accurate results, at 
greater speed and for less cost. 

The F&M Scientific Division was a 
pioneer in gc development. Currently, it 
offers as complete a line gas chromato- 
graphs for all types of general and spe- 
cial applications as any manufacturer 
anywhere in the world. Its standard cata- 
log includes more than 50 models. 

700-00 
700-1099F 

700-3099F 

700-4099F 

2-Preparative gas 
chromatography 

A natural outgrowth of analytical gas 
chromatography, the preparative gc is 
used not to analyze, but to isolate and 
collect quantities of pure chemicals. 

For many types of chemicals, prepara- 
tive gas chromatography is the fastest 
and most economical way to collect pure 
fractions. Its application is growing 
rapidly, especially as the result of tech- 
nological improvements such as the F&M 
Scientific Division’s 2% and 4 inch OD 
preparative columns. The latter are 
capable of collecting in a few hours as 
much pure chemical as can be collected 
in several days by classical methods such 
as distillation. 

High- 
Efticiency 
GC of hard-to-chromatograph materials. 

Dual U-tube glass columns, high-efficiency gc sys- 
t en ,  multiple detector options , , , for the analysis 

3-Molecular weight 
determination 

The special skills of the polymer chem- 
ist are needed in practically every scienti- 
fic field today, whether food technology, 
bio-medical science, petroleum chemistry, 
etc. The F&M Scientific Division serves 
the polymer chemist with a line of in- 
struments that help him make fast and 

Df 402 3700.00 
Df and EC 402 + opt. 02 4295.00 (tritium) 
Df and Ec(Ni63) 402 4550.00 + opt. 03 

accurate molecular weight determina- 
tions of all sizes of molecules from 100 
to several million. 

Function Yode l  No. TYPE Description 

Preparative True prep-scale instruments accommodate various Automatic 775 
GC sizes of prep columns between s /s  and 4“ OD, with 

built.in analytical capability. 
Manual 776 

4-S pecia I ana I ys is 
In this category of Hewlett-Packard 

chemical instrumentation, there are cur- 
rently two members. One is the HP 
Model 8400A Microwave Spectrometer, 
a new kind of instrument that gives in- 
formation about a sample’s molecular 
structure through measurement of ab- 
sorption frequencies in the X-band. The 
other is the F&M Model 185 Carbon Hy- 
drogen Nitrogen Analyzer which per- 
forms a complete elemental analysis of 
organic materials simultaneously and 
automatically. 

Price 

$8800.00 
(including 
recorder) 

3500.00 

Analytical gas chromatographs 
There are basically three types of ana- 

lytical gas chromatographs currently be- 
ing manufactured: a “research” instru- 
ment that incorporates all the state-of- 
the-art advances for high performance; 
a “laboratory” instrument which can be 
ordered with only basic equipment for 
routine analyses; and a “high-efficiency” 
instrument whose primary advantage is a 
large oven to accommodate U-tube glass 

Research 

Laboratory 
GC 

columns for analyzing sensitive materials. 
F&M Scientific Division manufactures 

all three types. The choice should be 
based along functional lines as outlined 
in Table 1. 

Besides the choice of instruments, the 
key to a good separation by gas chroma- 
tography is the selection of a proper 
column. This is a rather involved pro- 
cedure since there are literally hundreds 
of available column materials. Much of 
the needed information for a correct 
choice is contained in F&M Scientific Di- 
vision’s Accessories Catalog No. 2.  

Preparative gas chromatographs 
Most manufacturers classify prepara- 

tive gas chromatographs by capacity, 
with general agreement that there are 
two types: those that accommodate 
small-capacity columns up to ?/4 inch 
OD, and those that have larger capacity. 
This classification scheme does not apply 
to Hewlett-Packard preparative gc’s, 
however, because they all accommodate, 
with equal ease, both the low-capacity 
and the high-capacity columns. The two 
Hewlett-Packard instruments differ prin- 
cipally in the degree of automation (see 
Table 2 ) . 

TABLE 1 - Analytical gas chromatographs 

Description 

Highest quality; performance equal to the strictest 
research requirements; simultaneous installation of 
any three detectors and simultaneous operation of 
any two with dual column compensation; ful ly ver- 
satile and automated. With model 5756A, Three de- 
tectors can be operated simultaneously. 

Low-cost dual-column instrument with modular de- 
sign that permits easy addition of functional acces- 
sories. 

Price 

$3300.00 

3200.00 

3500.00 
4300.00 
4350.00 

5300.00 

1095.00 
1700.00 

1845.00 

1660.00 



Molecular weight instruments 
In this area of analysis, Hewlett-Pack- 

ard offers three different types of instru- 
ments, each intended for the determina- 
tion of a particular kind of molecular 
weight, much faster and more accurately 
than is possible with the older classical 
methods. At one time or another, polymer 
chemists need the kind of information 
that each of these instruments is capable 
of producing for him. Once again, the 
choice between the various types of Hew- 
lett-Packard instruments should be based 
on functional considerations, as outlined 
in Table 3. 

For number-average molecular weight determinations between 100 
and 25,000; consecutive readings every 2-3 minutes; aqueous or 
non-aqueous operation. 

For number-average molecular weight determinations between 
10,000 and 1,000,000; aulomatic readings in 3 lo 10 minutes; for 
aqueous or non-aqueous operation. 
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INTRODUCTION CHEMICA 1 INSTRUMEN TA TION 

25” to 130°C 

Ambient to 65°C 
Ambient to 130°C 
5” to 65°C 

Spec ia I ana I yzers 
The HP Model 8dOOA Microwave 

Spectrometer is an entirely new kind of 
instrument that looks into the molecular 
structure of a chemical compound 
through measurement of absorption fre- 
quencies in the X-band. Determination 
of bond angles, internudear bond dis- 
tances, dipole moments of molecules, in- 
tra-molecular effects such as nuclear 
quadruple interactions and hindered ro- 
tations: all can be studied with the 
8400A. Precise measurements of the in- 
tensity coefficient of the absorption curve 
and, consequently, of the amount of 
sample in a Stark cell can also be made. 

The F&M Model 185 Carbon Hydro- 
gen Nitrogen Analyzer has gained con- 
siderable acceptance among michrochem- 

For viscosity-average molecular weight determinations lo precision 
of 0.005% ; completely automated ; optional prin!er-programmer. 

ists in the three years since its introduc- 
tion. The reason is its ability to perform, 
even under difficult circumstances, ele- 
mental analyses whose accuracy is well 
within the accepted allowable error of 
20 .3%,  at a speed advantage of 4 to 8 
times over classical methods. 

Ambient to 150°C 

Hewlett-Packard services 
The chemical instrumentation described 

in this section is backed by the quarter- 
century-old Hewlett-Packard tradition 
that “service starts before the sale and 
extends through the life of the instru- 
ment.” 

In implementing this policy, Hewlett- 
Packard offers a complete service for the 
andytical chemist. 

Technical AJsistance - Technically 
trained and qualified Chemical Instru- 
mentation Sales Representatives are 
available in all major cities of the U.S., 
Canada and Europe to assist you in the 
selection, application and use of Hewlett- 
Packard instruments. 

lnstrrimei2t sen ice-Qualified and ex- 
perienced service personnel, located in 
Hewlett-Packard Sales Offices and Ser- 
vice Centers, are on call to perform 
routine instrument maintenance or em- 
ergency repair. 

Training Conrses-Training courses in 
the application of the techniques of gas 

dustrial analysis are held regularly at 
various Hewlett-Packard sales offices, as 
are courses on preparative chromato- 
graphy. 

Field workshops are also sponsored 
periodically by the F&M Scientific Di- 
vision in cooperation with local institu- 
tions. 

Applications Research-Corporate Ap- 
plications Laboratory personnel at the 
Hewlett-Packard Chemical Instrumenta- 
tion Division are constantly investigating 
new techniques and improving existing 
methods. The result of their applications 

papers presented at  technical meetings, 
in scientific journals and by compre- 
hensive articles in Hewlett-Packard pub- 
lications. Their services are also available 
to anyone with a question about the ap- 
plication of gas chromatography to spe- 
cific analytical problems. 

work is made available to you through / 

Technical P~/blicntion.r-Heu,lett-Pack- 
ard maintains constant communication 
with its Chemical Instrumentation cus- 
tomers about the use, maintenance and 
general upkeep of their instruments. This 
is accomplished through a variety of 
technical publications such as the Cor- 
porate Applications Laboratory’s “Facts 
& Methods,” a bimonthly publication 
that contains comprehensive papers and 
technical articles on chemical instru- 

/ 

.. 

chromatography to bio-chemical and in- mentation 

Table 3- Molecular weight instruments 

Type 

Vapor pressure 
osmometer 

Membrane osmometer 

Description I Temperature Model No. 

302 

50 1 
502 
503 

Auto-viscometer (59016) 
(constant temp. bath 
5910A) 

59016-5910A 
(incl. 4 detectors 

and constant 
temperature bath) 

Price 

$2800.00 

4225.00 
4975.00 
5550.00 

4140.00 
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A = Theorelm 
B =  Sample 

Series 5750 Gas Chromatographs are automated yet fully versatile 
instruments whose performance is equal to the strictest research 
requirements. They are a second-generation 'top-of-the-line' instru- 
ment incorporating improvements that are available in no other gas 
chromatograph. Behind these improvements stand some quiet but 
important advances in the state-of-the-art that have made gas 
chromatography an even more useful tool than i t  was just two 
years ago when the 5750's predecessor was introduced. Parallel ad- 
vances in F & M design make the 5750 still the most useful gas 
chromatograph around. W e  know of no other GC, regardless of 
price, that is capable of better qualitative and quantitative precision. 
Some of the most useful of the new design features of the Series 
5750 G C  are discussed below. 

Three detector positions 
The Series 5750 permits the simultaneous installation and opera- 

tion of any three detectors, from a choice of five interchangeable 
types: flame ionization, thermal conductivity, electron capture ( H3), 
electron capture (NiG3) and micro cross-section. 

its performance to the highest level possible on the basis of current 
technology. 

High-linearity dual flame detector 
Tenfold better than the best previously reported, the 5750's new 

dual flame ionization detector is linear up to 2 ml of propane with 
a peak width at  base of 7 seconds, peak current of 2 x amp, 
equivalent to 3.7 x 10.' grams C/sec. 

Performance of the new detector was carefully evaluated on a 
4-foot column with constant 30 ml/min carrier gas flow. Injections 
of propane gas in sample sizes from 10 to 2000 microliters were 
made with a calibrated syringe capable of * 1% accuracy. Results 
indicate a deviation in detector response of less than *IO% from 
theoretical at 2000 microliters, and much better at  the smaller 
sample sizes. 

The improvement in linearity is accompanied by a 30% increase 
in sensitivity with no increase in noise level and by a much greater 
tolerance to variations in gas flow. End result is that the 5750 flame 
detector permits the determination of trace components at much 
lower concentration levels , , , and bttter qualitative and quantitative 

Each of ; hex  detectors has been significantly redesigned to increase reproducibility with large sample sizes. 
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High-stability dual thermal conductivity detector 

A significantly improved baseline stability characterizes the new 
exclusive F & M dual thermal conductivity detector. In isothermal 
operation at any temperature up to 4OO0C, the new detector main- 
tains a steady baseline within * 1% per hour; in temperature-pro- 
grammed dual-column operations, baseline drift is reduced to i 2% 
from an equivalent 100% drift in the single-column mode (when 
using a 10% W-98 column).  

There are four distinct reasons for the improvement in perfor- 
mance. The new cell geometry (1 )  isolates the cell from external 
temperature changes through a well-insulated and controlled buffer 
zone, ( 2 )  optimizes the length of transfer lines between column and 
detector, ( 3 )  eliminates thermal gradients within the cell through 
four symmetrically distributed heaters and ( 4 )  insures a high degree 
of flow insensitivity and systematic sweep-out of the cell even at 
low flows. 

High and low-temperature electron capture detectors 
The 5750 offers a choice of two electron capture detectors: the 

standard tritium cell for operation up to 225°C and a new nickel 
cell for temperatures up to 360°C. Both feature the F & M variable 
pulsed voltage design for optimum sensitivity and linearity of re- 
sponse. The new Nie3 cell is especially useful for the analysis of 
high-boiling components. Since it can be operated at higher tem- 
peratures than the column oven, deposition of column substrate and 
high-boilers on the cell is not likely. 

The new cell has a useful life expectancy better than twice that of 
tritium cells (up  to 5 years under moderate operating conditions) 
and a sensitivity of 5 x IO-'' gram of Lindane. Its thermal stability, 
built-in-over-heat protection and efficient shielding eliminate nl! 
possibility of health hazard from radioactivity. 

Versatile detector controls 
Now available with either a single-channel or dual-channel elec- 

tronmeter - both with dual input capability for each channel - the 
5750 offers the analyst a choice of three compact detector controls, 
one of which is suited exactly to his need and budget: 

( 1 ) Single-channel electrometer accommodates any one of the 
ionization detectors. Because it has dual-input capability, it operates 
the dual flame ionization detector either as a differential input (dual 

Thermocouple Measurements 
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column compensation) or as a single input (single column opera- 
t ion).  In either case, the electrometer provides a single output to the 
recorder. 

( 2 )  Dual-channel electrometer is also compatible with any of the 
ionization detectors. Since each channel has dual-input capability, 
this electrometer can be used for simultaneous operation of two 
detectors while permitting dual column compensation, . . as well as 
for independent operation of the two sides of the dual flame de- 
tector. 

( 3 )  Thermal Conductivity detector bridge is designed specifically 
for use with the improved 5750 thermal conductivity detector. Noise 
has been reduced and integration capability has been improved. 

State-of-the-art oven and flow systems 
This section of the 5750 has been completely redesigned in the 

light of recent state-of-the-art advances and a better understanding 
of its importance to the precision of gas chromatography. 

OVEN -The  5750 oven possesses the best combination of fast 
response and excellent temperature uniformity of any commercially 
available GC. In  the matter of response, it heats from 50°C to 
400°C in ten minutes, cools from 400°C to 50°C in 8 minutes. Con- 
cerning temperature uniformity during isothermal operation, the gra- 
dient of the air around the columns does not exceed *0.5% at any 
temperature up to 400°C; in programmed operation, it does not ex- 
ceed * 1.0%. If column packing temperature is measured rather than 
the air surrounding the column, the gradient is considerably less 
(about *0.25% isothermally), as shown in the diagram. 

INJECTION PORT - Entirely new in design, the 5750's injection 
port permits true on-column injection, eliminates dead volume, 
minimizes thermal gradients, allows minimum sample backflash, and 
provides for the use of inserts. 

FLOW CONTROLLER - A newly designed flow controller 
maintains flow rates with a precision about five to ten times better 
than that obtainable with presently available commercial flow con- 
trollers. 

Automated operation 

The Series 5750 oven temperature control system is designed to 
give the analyst complete versatility of operation, from manual 
isothermal to fully automatic programmed runs. 

When in automatic operation, the 5750 is capable of repeating all 
the conditions of analysis without manual resetting of any kind. The 
entire cycle is automatic, from temperature programming, through 
variable time delays, to automatic cooling and re-equilibration at the 
starting temperature. 
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Specifications, Series 5750 
Detectors 

Flame ionization 
Dual detector unit. 
Extended linear operating range of over 10' with hydrocarbon 

Operating temp.: ambient to 500°C. 
Voltage-stabilized power regulator. 
Flame igniter. 

Thermal conductivity 
Dual detector unit. 
Operating temp.: ambient to 450°C. 
Carrier gas: helium, 5-200 ml/minute. 
High-sensitivity, spiral flow-thru tungsten-rhenium filament. 
Power-proportioning temp. controller. 
Relatively insensitive to flow changes. 
"Detector protector" : carrier gas pressure reduction automatic- 

sample. 

ally cuts off filament current. 
Electron capture* 
Pulsed voltage: 5 ,  15, 50 and 150 microsecond intervals. 
Electron source: 

( 1 )  200 millicuries tritium. 

( 2 )  2 millicuries Nie3 

Integral overheat protection. 
Carrier gas: argon-methane or helium. 
Purge gas: argon-methane. 
Voltage-stabilized power regulator. 

operating temp.: ambient to 225°C. 

operating temp.: ambient to 360°C. 

/ 

Micro cross-section* 
Electron source: 200 millicuries tritium. 
Operating temp.: ambient to 225'c. 
Integral overheat protection. 
Carrier gas: hydrogen or helium. 
Purge gas: none required. 
Voltage-stabilized power regulator. 

Injection port 
Dual unit. 
Flash vaporizer. 
Operating temp.: ambient to 500°C. 
On-column injection. 
Accepts replaceable inserts and special sampling devices. 
Splitter system (optional) 
Voltage-stabilized power regulator. 

Temperature range: ambient to 500°C with detectors and injection 
port at 100°C. 80°C  is minimum oven temperature possible 
with detectors and injection port at 275°C to 300°C. 

Oven 

Isothermal gradients: *0.5% max. (measured in a i r ) ,  
Programmed gradients: * 1.0% at 10°C  per minute. 
Max. heating rate: 50°C to 400" in 10 minutes with 120 Vac 

Cooling rate: 400°C to 50°C per minute. 
Linear programmer: 10 rates from 1" to 6O"CJminute. 
Simultaneous installation of up to 3 detectors. 
Capacity: up to 150 feet of ?Aj inch OD column and proportional 

lengths of 1/16", 9'8'' and Y2'' OD columns. 
Power-proportioning temperature controller. 
Automated programming cycle including cooling. 

Packed: glass (limited to 2-10' columns or 1-20' column) ; metal. 
Analytical or preparative. 
Outside diameter: 1/16, l/g, ?Aj and 9'2 inch. 
Length: up to 150 feet, 1/4" inch OD column on average %inch 

across the heaters. 

Columns 

diameter coil. 

Temperature control 
Separate controls for all heated components. 
Readout on indicating pyrometer with eight-position selector 

Direct setting in degrees of column olen temperature. 
switch. 

Gas flow system 
Dual-column design with dual injection and exit ports and five 

flow paths: 
(1) dual compensating columns 
( 2 )  two columns in series 
( 3 )  two columns in parallel 
( 4 )  single analytical column 
( 5 )  single preparative column 

Gas supply: fittings and plumbing for four gases: 
Carrier Gas 
?/*-inch entrance fitting 
drying tube 
two 3-inch matched rotameters with calibration curve for  

two differential flow controllers with needle valve ad- 

Hydrogen Gas (flame ionization models only) 
YR-inch entrance fitting 
adjustable-matched restrictors (flow rates up to 125 ml/ 

two optional 3-inch rotameters 
needle valve shut-off control 
Air (flame ionization models only) 
YR-inch entrance fitting 
adjustable-matched restrictors (flow rates up to 500 ml/ 

two optional 3-inch rotameters 
Auxiliary Gas 
%-inch entrance fitting 
needle valve for adjustment and shut-off 

flow-range 0-200 ml/min @ 30 psig helium 

j ustment 

min) 

min) 

T. C. bridge 
Continuous current adjustment and readout. 
Coarse and fine zero controls. 
Attenuator for bridge output (12 positions to 1024) 
Output polarity switch. 
Separate output for electronic integrator. 
Line-operated power supply. 

Electrometer 
Single and dual-channel models. 
Input (each channel) : dual flame ionization, single flame ioniza- 

Sensitivity: 4.0 x 10-"A full scale. 
Dynamic range: 50,000 to 1 on all range resistors except range 1. 
Total linear range of 4.0 x 10-lpto 10-5A. 
Noise: less than 1% at most sensitive operation (detector cable 

Coarse and fine zero controls, with background suppression of 

Input and output attenuation controls. 
Line-operated power supply. 

tion, electron capture or micro cross-section detectors. 

disconnected). 

i o  x 10-~ A. 

Electrical 
Supply requirements: 105-125 V,  60 Hz, single phase (50  Hz 

Circuit breaker on both sides of main power line. 
All key circuits fused. 
Ground through power cable. 

optional) ; 19 A max. at 115 V for normal operation. 

* AEC license required; Hetulett-Packard Sales Offices supply tzec- 
essaq license application injormdtion. 
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Ordering 
No. 

575114 

5752A 

5753A 

5754A 

5755A 

5756.4 

How to order 

Description 
Complete Instruments 

Dual flame detector instrument with single- 
channel electrometer. 
Dual thermal conductivity detector instru- 
ment with bridge. 
Electron capture detector instrument with 
single-channel electrometer. 
Dual flame and dual thermal conductivity 
detector instrument” with single-channel 
electrometer, bridge and 2 two-way effluent 
splitters. 
Dual flame and electron capture (tritium) 
detector instrument* with dual-channel elec- 
trometer and one two-way effluent splitter. 
Dual flame, dual thermal conductivity and 
electron capture (tritium) detector instru- 
ment* with dual-channel electrometer, 
bridge, and a two-way and a three-way efflu- 
ent snlitter. .~~~ 

7127A-20-21 plu$ (one)  17503A-01-04t hfoseley 
single pen; strip chart recorder; right hand 
zero; 10’’ chart; 1 mV input module (fil- 
tered) with detector selection switch: gray 
panels: 60 Hz operation. 

7128A-20-21 plus (two) 17503A-01-04t hfoseley 
two pen; strip chart recorder; right hand 
zero; 10’’ chart; 1 mV input module (fil- 
tered) for each channel with detector selec- 
tion switches: gray panels; 60 Hz operation. 

:Fos 50 Hz operat ion on i npu t  Module 17503A, also add -02. 
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Options (factory-installed) 
01 Second electrometer channel for Models 

5751A, 5754A and 5756A (allows alternate 
or simultaneous* operation of two ioniza- 
tion detector systems, or independent opera- 
tion of both sides of the dual flame de- 
tector) 
Dual thermal conductivity detector, bridge 
and two-way effluent splitter installed on 
Model 5?53A* 
Electron capture detector (tr i t ium), single- 
channel electrometer and two-way effluent 
splitter installed on Model 5752A* 
Same as Option 03* except that detector 
contains a high-temperature NiG3 foil 
Micro cross-section detector installed on 
Models 5751A and 5754A; instrument ca- 
pable of alternate operation of either ioni- 
zation detector 
Micro cross-section detector, single-channel 
electrometer and two-way effluent splitter 
installed on Model 5752A* 
To substitute iViG3 electron capture detector 
in Model 5753A, 5755A or 5756A 
Inlet splitter (installed) 
Backflush valve (installed) 
Heated collection vent* * * (installed) 
Dual rotameters for air and hydrogen flows 
(installed) 
Gas sampling valve without shut-off valve 
(installed) 
Gas sampling valve with shut-off valves 
(installed) 
Effluent splitter 
230 V, 50 Hz operation 

Price 

$3300.00 

3200.00 

3500.00 

4’100.00 

4350.00 

5300.00 

1,100.00 

1,650.00 

450.00 

1000.00 

1300.00 

1550.00 

475.00 

1225.00 

225.00 
125.00 
95.00 

100.00 

300.00 

225.00 

275.00 
175.00 
82.00 

576OA 

57614 

5762A 

5763A 

5764A 

5765A 

5766A 

5767A 

5768A 

5769A 

5770A 

19030A 
19031A 
19032A 

19034A 
19035A 
19047A 

Modules (customer-instailed) 
Dual-channel electrometer (consists of two 
dual-input single-output channels; permits 
dual column compensation while operating 
two ionization detectors). 
Single-channel electrometer (dual-input 
single-output, for use whenever an addi- 
tional electrometer channel is required) 
Electron capture (tritium) detector and all 
necessary hardware for installing i t  on 
Model 5751A or 5754A (allows alternate 
operation* * of either ionization detector). 
Same as iModel No. 5762A except that de- 
tector contains NiG3 foil 
Dual thermal conductivity detector, bridge, 
and all necessary hardware for installing i t  
on a Model 5751A“ (incl. 2-way splitter), 
Model 5753A* (incl. 2-way splitter) or 
Model 5755A* (incl. 3-way splitter) 
Electron capture (tritium foil) detector, 
single-channel electrometer, two-way splitter 
and all necessary hardware for installing i t  
on a Model 5752A* 
Same as Model No. 5765A except detector 
contains NiG3 foil 
Micro cross-section detector and all neces- 
sary hardware for installing it on Models 
5751A and 5754A (allows alternate op- 
eration* * of either ionization detector) 
Micro cross-section detector, single-channel 
electrometer, two-way splitter and all neces- 
sary hardware for installing it on Model 
5752A* 
Dual flame detector, single-channel electrom- 
eter, 2 two-way splitters and all necessary 
hardware for installing it on Model 5752A 
(allows alternate or simultaneous* opera- 
tion of both detectors) 
Dual flame detector and all necessary hard- 
ware for installing it on Model 5753A (al- 
lows alternate** operation of either de- 
tector) 

Accessories (customer-installed) 
Blackflush valve 
Heated collection vent*** 
Dual-rotameter kit for air and hydrogen 
flows 
Effluent splitter 
Inlet splitter 
Gas sampling valve without shut-off valves 

$ 95000 

500.00 

695.00 

950.00 

1020.00 
/ 

1395.00 

1650.00 

575.00 

1325.00 
/ 

11 25.00 

490.00 

95.00 
100.00 

300.00 
175.00 
125.00 
225.00 
275.00 19048A Gas sampling valve with shut-off valves 

*Capable of  simultaneous operat ion of  t w o  detectors  when equipped w i th  2 
single-pen or  one dual-pen recorder. 

**Capable of  simultaneous operat ion of t w o  detectors  when equipped w i th  
addi t ional  e lect rometer  and recorder channels and w i th  appropr ia te e f f l uen t  
spl i t ter .  

***Requires a two-way e f f l uen t  sp l i t t e r  when used w i t h  a single detector  
inst rument .  

7127A/7128A Options (factory-installed at  time of purchase) 
High-low limit switches on Model 7127A, 
and channel one only on Model 7 128A. 

01 
50.00 

03 115 or 230 V,  50 Hz operation. N/C 
04 Left-mounted event marker. 35.00 
06 Both left and right-mounted event marker. 70.00 
07 Disc integrated’ (one channel only on 

Model 7128A). 585.00 
11 Carrying handle. 2 5 .OO 
12 Mounted in cabinet compatible with F & M 

I Disc in tegrator  and r ight -mounted event maker cannot be ins ta l led on same 

?NO charge when ordered w i th  Series 402 or 5750 ins t ruments.  

gas chromatographs.* 100.00 

recorder. 
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Designed specifically for the analysis of thermally sensitive, 
polar and other hard-to-chromatograph materials, Series 402 High- 
Efficiency Gas Chromatographs incorporate a number of unique ir,- 
strument characteristics that minimize or eliminate the decomposi- 
tion or adsorption of unstable materials. 

Straight-through on-column injection 
The 402's unique injection port is characterized by a straight- 

through design which has substantial advantages over the more 
common T-design: 

a - i t  accomplishes true on-column injection since the syringe 
discharges the sample at least one inch into the column, rather than 
in a separate chamber, thus essentially eliminating sample contact 
with metal in the hot injection zone; 

b - a stream of high-velocity carrier gas sweeps the entire inier- 
tion area including the inside surface of the septum, thus preventing 
sample holdup or condensation on the septum; 

c - it eleminates the dead volume and sample backflash that are 
characteristic of T-type designs, thus producing an ideal "plug" 
injection. 

Multiple-detector, dual-column system 
Series 402 GC's are dual-column instruments with multiple de- 

tector capability. Each of its two-columns can be equipped with an 
effluent splitter, thus giving the analyst a choice of functions that 
includes: 

/ 

a - single-column operation 
b - concurrent runs on two different columns 
c - dual-column baseline compensation 
d - simultaneous operation of two detectors 
e - simultaneous analytical/preparative runs for the collection of 
individual separated components. 

No dead spaces 
Dead space (i.e. stagnant carrier gas) has been virtually elimi- 

nated throughout the 402's G C  system especially in the four  critical 
areas: 

a - injection por t .  . . carrier gas sweeps the whole area; 
b - where column joins injection povt . . . on-column injection 
eliminates this dead space; 
c - where columtz joins detector. . . the 402's primary detectors 
attach directly to the column end, eliminating this dead space: 
d -detectors . . . all 402 detectors are based on flow-through de- 
sign and are devoid of dead space. 

I NJ ECTOR DETECTOR I 

~ _ _ _ _  

All-glass system 
The 402 can be equipped so that the sample "sees" virtually 

nothing but glass, from injection directly on glass, through a glass 
column and a glass and Teflon effluent splitter, to the detector; or 
into a Teflon collection system that attaches directly to either of the 
instrument's auxiliary detector positions. 

High-turbulence U-tube oven 
Two 3000 RPM centrifugal blowers at opposite ends of the oven 

create a high-turbulence environment for two 6-foot U-tube columns. 
Twin heaters are mounted in the blower stream to eliminate thermal 
lag and create uniform temperatures in the immediate column en- 
vironment (gradient less than 2'C top to bottom). 

Performance 
Even with the most sensitive materials - pesticides, steroids, vita- 

mins, organo metallics, polyfunctional industrial organic chemicals - 
the 402 produces a chromatogram that bears all the marks of a high- 
efficiency instrument: 

peak sjmmetry so fine that there is no trace of tailing even at  
picogram levels of detection; 

column eficiencj so high (often exceeding 700 theoretical plates 
per foot) that even the most difficult separations are completed on as  
little as 12 feet of column; 

elimination of component loss so complete that steroids give ac- 
curate quantitave response, even at the nanogram level; 

.rensiticitj so high that picogram quantities of many materials are 
detected without even extending the detector; 

dual column operation so versatile that it permits .baseline com- 
pensation, or concurrent analytical runs on two different columns, or 
simultaneous operation of up to four detectors, or combined analy- 
tical/preparative runs. 
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Specifications 
Gas flow system 

Facilities for handling four gases: 
( I )  Carrier gas: dual differential flow controllers and needle 

valves; dual matched 3-inch rotameters sized for helium flow 
range of 0-250 cc/min at 40 psig; drying tube. 

( 2 )  Hydrogen: dual needle valves; dual matched ?-inch rota- 
meters sized for flow range of 0-100 cc/mm. 

( 3 )  Air: dual needle valves; dual matched 3-inch rotameters sized 
for flow range of 0-700 cc/min. 

( 4 )  Purge: needle valve, drying tube. 

Column system 
Dual on-column injection with removable flash heaters. 
Dual columns, each 4 or 6-feet, glass U-shaped with 3 mm I D  

and 6 mm OD (longer glass columns of paper clip configura- 
tion and metal columns may also be used).  

Oven: stainless steel shell with double insulation 1%’’ thick; two 
low-mass heaters each 800 watts; two blowers; thermal fuse. 

Effluent splitter (optional): annular split design; made of glass 
with Teflon+% insert for min. sample contact with metal; infi- 
nitely variable split ratio of approx. 1 : 1 to 20: 1. 

Detectors 
Dual flame ionization (standard): low-mass design; minimum 

sample contact with metal. 
Twin flame: for independent operation of both sides of the dual 

flame detector. 
Electron capture: choice of tritium cell for operation up to 

225°C and nickel cell for temperatures up to 360°C; tritium 
cell has 200 millicuries source and nickel cell, 2 millicuries; 
pulsed voltage type with variable pulse interval of 5, 1 5 ,  50 
and 150 microseconds; built-in overheat protection; tritium cell 
of Teflon and stainless steel; nickel cell made of ceramic and 
stainless steel; no venting required below 150°C; requires spe- 
cific AEC license. 

Micro cross-section: 200 millicuries tritium source; dc voltage 
type; no purge gas required; built-in overheat protection; made 
of Teflon and stainless steel; no venting required below 150°C; 
requires specific AEC license. 

Electrometers 
Sensitivity: 4.0 x IO-’‘ A full scale on 1 mV recorder. 
Linear dynamic ra-nge: 4 x IO-’‘ to 1 x 
Background suppression: IO-’ A, supplied by battery. 
Input attenuation: 4 powers of 10. 
Output attenuation: 8 multiples of 2 .  

Output for potentiometric recorders: 0-1 mV. 

Oven: power-proportioning controller and linear programmer 
with 1 2  rates from 0.5 to 3OCCC/min.; max. temp. of 400’C; 
max. temperature gradient of 2°C; max. heating time from 
ambient to 400°C is 40 min., cooling from 400°C to 50’C in 
15 min.; program delay timer variable 0-20 min. 

Injection port: voltage-stabilized power regulator; max. temp. of 
450°C.  

Flame detector: voltage-stabilized power regulator; max. temp. 
of 425°C. 

Auxiliary detector: voltage-stabilized power regulator; max. 
temp. of 225°C.  

Readout: indicating pyrometer and five-position selector switch. 

A. 

Temperature controls 

Physical 
Size: oven module: 48” high, 18” wide, 19” deep; control cabi- 

Weight: oven module: 180 pounds; control cabinet with recorder: 
net: 33” high, 2 1 ”  wide, 22”  deep. 

2 1 5  pounds. 

Electrical 
Power requirements: 105-125 V ,  50 or 60 H z  (specify on 

Fuses: main power has circuit breakers on both sides of line; key 
order),  20 A. 

circuits are fused. 
+:e DuPont’s registered trademark f o r  fluorocarbon resin 

How to order 

No. Description Price 

Complete instruments 

402 Basic dual flame ionization detector instru- 
ment with single-channel electrometer*, 115 
V, 50 or 60 H z  (specify) 

Ordering 

$3700.00 

, , , With  choice of recorders (specify) : 

7127A-20-21 plus (one) 17503A-01-04? Moseley 
single pen; strip chart; right hand zero; 10“ 
chart; 1 mV input module (filtered) with 
detector selection switch; gray panels: 60 
Hz operation 

7128A-20-21 plus ( two)  17503A-01-04t Moseley 
two pen; strip chart; right hand zero; 10” 
chart; 1 mV input module (filtered) for 
each channel with detector selection 
switches; gray panels; 60 Hz operation 

.+For 50  Hz operation on input module 17503A, also a d d  -02. 

01 

02 

03 

04 
2 1  

5801A 

5802A 

5803.4 

5S04A 

5805A 

19050A 
19055A 

Options 

Adds second electrometer channel (for 
alternate or simultaneous** operation of 
two ionization detector systems, or for inde- 
pendent operation” of both sides of a dual 
flame detector) 
Adds detector and all necessary hardware 
for electron capture (tritium foil) detec- 
tion* * *: 
Same as Option 02 except that detector con- 
tains a high-temperature NiR3 foil 
Two-way effluent splitter 
230 V ,  50 Hz operation 

Additional items (customer-installed) 

Single-channel electrometer with dual-input 
single-output (for use whenever an addi- 
tional electrometer channel is required) 
Detector and all necessary hardware for 
adding tritium electron capture detection 
Same as Model No. 5802A except that de- 
tector contains Nio3 foil 
Detector and all necessary hardware for add- 
ing micro cross-ection detection 
‘Ti” column oven with dual flame detector 
for use with Series 810 Gas Chromatograph 

Accessories 

Two-way effluent splitter 
Total collection system 

1100.00 

1650.00 

750.00 

595.00 

850.00 
95.00 
82.00 

800.00 

695.00 

950.00 

575.00 

1995.00 

55.00 
120.00 

Moseley Model 
7127A/7128A Options (factory-installed at time of purchase) 

01 High-low limit switches on Model 7127A, 
50.00 

03 115 or 230 V, 50 Hz operation n/c 
04 Left-mounted event marker 35.00 
06  Both left and right-mounted event marker 70.00 
07 Disc integrator**** (one channel only on 

Model 712SA) 585.00 

Mounted in cabinet compatible with F & hi 

and channel one only on Model 712SA 

11 Carrying handle 2 5 .oo 
1 2  

gas chromatographs* 1: * d 1: 100.00 
*Independent operation of both sides of the dua l  flame detector ( twin  

flame) can be obtained through use of a second electrometer channel 
(Option 01) a n d  a dual-channel recorder. 

***For  simultaneous operation, a n  effluent splitter, second electrometer 
channel a n d  second recording channel a r e  required.  

****Disc integrator and  right-mounted event m a r k e r  cannot be installed on 
same recorder. 

* *  Requires two single-channel or  one dual.channel recorder. 

*****No charge when ordered with Series 402 or 5750 instruments. 
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Series 700 Gas Chromatographs are modular in design. In 
addition to the basic instrument, they are available with a full 
line of interchangeable detectors and compatible functional 
accessories. Designed to an uncompromisingly high perfor- 
mance standard, the 700 line nevertheless appeals to the chemist 
with a limited laboratory budget because of the low price of the 
basic instrument, less then $1100 (f.0.b. Avondale). 

The basic instrument 
The basic Series 700 unit is an isothermal gas chromatograph 

with a flexible two-column design that permits single column, 
series or parallel two-column operation as well as dual column 
compensation. The 700 is also capable of manual temperature 
programming and high-temperature operation, with independent 
control of injection port, detector, and oven to 4OOOC. Injection 
can be either directly onto the column or into a flash vaporizer. 
All Series 700 oven modules are equipped with- a voltage-sta- 
bilized power regulator. An adapter plate and switch permit 
bypassing the standard power regulator and allows the plug-in 
use of either a Model 220 Temperature Controller or a Model 
240 Temperature Programmer for oven control (both are de- 
scribed later). Except for Model 700-00, all Series 700 instru- 
ments are equipped with flow controllers. 

Interchangeable detectors 
Regardless of which detector is initially ordered with the 

instrument, the analyst has the option of replacing it with any 
one of the four detector attachments that are presently avail- 
able: dual thermal conductivity, dual flame, electron capture 
and micro cross-section. All are completely interchangeable one 
with the other. The whole procedure of interchanging detectors 
takes only minutes for a skilled person, a little longer for a 
novice. 

Each detector attachment for Series 700 instruments is pack- 
aged as a kit with all the necessary hardware for installation. 
The same basic instrument is used for all detectors, thus afford- 
ing the analyst a multi-detector instrument at low cost. 

Modular accessories 
One of the important advantages of the modular-design 

Series 700 Gas Chromatographs is the fact that they can be 
ordered “stripped,” to meet the requirements of a low budget 
. . . and still permit the later addition of convenience and per- 
formance features as the budget permits. A long list of acces- 
sories that are custom-fitted to the 700 make this possible; the 
more important ones are described below. 

Power-proportioning oven controller: an adapter plate and 
switch permit bypassing the standard power regulator and 
allows the plug-in use of either a Model 220 temperature 
controller or a Model 240 temperature programmer for oven 
temperature control. The Model 220 controller is a solid state 
device that modulates power input to the oven heating ele- 
ment in proportion to the actual need for heat. 

Temperature programmer: the Model 240 Linear Programmer 
provides precise programming of Series 700 oven heating 
rates. It also incorporates a power-proportioning controller 
described above. The programmer provides 1 2  discrete heat- 
ing rates from 0.5 to 3O0C/min. 

Power supply for TC detectors: an F & M power supply was 
specifically designed for thermal conductivity circuits and 
packaged to fit the Control Module of the Series 700. It can 
be set for 15 volts to supply type W filaments or for 30 volts 
to supply type WX filaments. 

I t  converts 105-125 V ac (50 or 60 Hz)  to a regulated dc 
output through full-wave solid-state circuitry that incor- 
porates regulation and filtering for stability. It has 300 mA 
capacity. 

Flow measurement: one or two rotameters, installed on the 
Oven Module, continuously and accurately indicate the gas 
flow rate through both columns. 

Flow controllers: factory- or customer-installed, this option in- 
cludes one or two diaphragm-actuated control valves in- 
stalled in the Oven Module to keep the flow of carrier 1 
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LAB GAS CHROMATOGRAPH 
Low-cost modular dual-column GC 

Series 700 

constant regardless of changes in column temperature or 
viscosity. It replaces the standard needle valve flow control 
of Series 700 instruments. 

Performance 
Because of its four interchangeable detector options, each 

Series 700 Gas Chromatograph has the analytical potential of 
four separate instruments: 

(1 ) When equipped with the dual thermal condiictivity de- 
tector, the Series 700 is sensitive to almost any organic or in- 
organic substance, often at  the microgram level and at pro- 
grammed temperatures up to 100°C higher than a single 
column instrument. 

(2)  The dnal flame ionization detector, well known in its 
single column configuration for very high sensitivity to organic 
compounds, extends this ability to programmed high-tempera- 
ture analysis by reducing the effects of column substrate bleed- 
ing. 

( 3 )  Specific to halogenated compounds, organometallics and 
polycyclic hydrocarbons, the electron captiire detector option 
makes the 700 more sensitive to these compounds than any 
known method of detection, often picking up as little as 10 
picograms. 

( 4 )  The micro cross-section detector gives a calculable quan- 
titative response to any material in the carrier gas and is thus 
a very useful tool for quantitative analysis. 

Series 700 specifications 
Gas flow system 

Dual column design with dual injection and exit ports and 
five Bow paths: 
(1  ) dual compensating columns 
(2 )  two columns in series 
(3 )  two columns in parallel 
(4)  single analytical column 
( 5 )  single preparative colmn 

Gas supply requirements: regulated 0-100 psi 
Gas supply connections: 

(1 )  for thermal conductivity models: 
one connection for carrier gas with needle valves for 

each column (flow controllers optional). 
(2 )  for flame ionization models: 

one connection for carrier gas with needle valves for 

one connection for hydrogen, split through matched 

one connection for combustion air split through 

(3  ) for electron capture and micro cross-section models: 
one connection for carrier and purge gas with needle 

each column (flow controllers optional). 

snubbers; needle valves for each flow 

matched snubbers 

valve (flow controller optional). 
Columns 

Standard column sizes: any OD from '/s to ?L2 inch. Large 
oven holds up to 150 feet of %-in, OD column. Accepts 
packed metal, glass or preparative columns. 

Detectors 
Four interchangeable detectors: 

( 1  ) Thermal conductivity: 
dual detector 

four-wire hot filament type, 150 mA range 
W or W X  filament standard 

(2)  Flame ionization: 
dual detector 
low-mass design on cast aluminum base 
manual flame igniter 

pulsed voltage type with variable interval of 5, 10, 

200 millicuries tritium source with integral overheat 

no venting required below l5Ooc 
specific AEC license required 

(4)  Micro cross-section: 
D C  voltage type 
200 millicuries tritium source with integral overheat 

no venting required below lSO°C 
specific AEC license required 

(3)  Electron capture: 

50 and 150 microseconds 

protection 

protection 

T. C. bridge 
Continuous current adjustment and readout 
Coarse and fine zero adjustment 
Attenuator (12 positions to 1024) 
Output polarity switch 
Power requirements: 

for W filaments-1 5 V dc, 300 mA 
for W X  filaments-30 V dc, 300 mA 

Electrometer 
Input: F & M dual flame ionization, electron capture or micro 

Sensitivity: Ix 10-11 A full scale. 
Linearity: k l . 5 %  full scale over entire range. 
Time constant: less than 1 second at full sensitivity. 
Noise: less than 10-13 A. 
Drift: less than 1% full scale per hour. 

Power requirements: self-powered from integral 135 V bat- 

cross-section detectors. 

Live zero and background suppression. 

tery supply; no ac. 

Temperature control 
Separate controls for detector, oven and injection port 
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Description 

Single pen; strip chart: right hand zero: l o o  chart: 
1 mV input module (filtered) with,detector selection 
switch: gray panels; 60 Hz operation. 

LAB GAS CHROMATOGRAPH 
Low-cost modular dual-column GC 
Series 700 

Ordering No. Price 

7127A-20-21 

P:u5s03(?~)1-04* $1,100.00 

Detector: voltage-stabilized variable power regulator, (pow- 
er-proportioning controller standard with W X  filament 
t.c. detector). 

range: ambient to 400OC. 
heater rating: 170 W. 
fuse: 1 A. 

Oven: voltage-stabilized variable power regulator (power- 
proportioning controller and linear programmer optional). 

range: ambient to 400OC. 
heating rate: 1 5  min. ambient to 400OC. 
cooling rate: 10 min. 4OOOC to ambient. 
heater rating: 1050 W (1200 W with 220 or 240). 
fuse: 15 A, plus temperature limit fuse. 

range: ambient to 400OC. 
heater rating: 85 W .  
fuse: 1 A. 

selector switch. 

Injection port: variable power transformer. 

Temperature readout: indicating pyrometer and five position 

P h ysica I 
/ Oven module: 25”  wide, 16%“ high, 20%” deep; 76 Ibs net. 

Bridge module: 10’’ wide, 13%” high, 101/2” deep; 1 2  Ibs net. 
Electrometer module: 10” wide, 13%’’ high, 10%’’ deep; 

18 Ibs net. 
Electrical 

Oven module: 110-125 V ac, 50-60 Hz, 20 A. 
Bridge module: (as noted above). 
Electrometer module: self -powered. 
Fuses: main power has circuit breaker; all key circuits sep- 

arately fused. 

High-low l imi t  switches on Model 7127A. 

How to order 
Ordering 

No.* Description 

Complete instruments 
700-00 Dual thermal conductivity detector 

(TC)  instrument. 
700-0019F Dual TC instrument with power supply 

and dual flow controllers. 
700-0199F Dual TC instrument wth power supply, 

dual flow controllers and proportioning 
oven temperature controller. 

700-2419F Dual TC instrument with W X  fila- 
ments, power supply, dual flow con- 
trollers and proportioning detector tem- 
perature controller. 
Dual TC instrument with power supply, 
dual flow controllers and linear pro- 
grammer. 

700-231 Dual TC instrument with WX fila- 
ments, power supply, dual flow con- 
trollers, proportioning detector tempera- 
ture controller and linear programmer. 

700-1099F Dual flame ionization detector (FI) in- 
strument with dual flow controllers. 

700-1199F Dual FI instrument with dual flow con- 
trollers and proportioning oven temper- 
ature controller. 
Dual FI instrument with dual flow con- 
trollers and linear programmer. 

700-021 

700-12 

01 I 50.00 

Price 

115 or 230 V, 50 Hz operation. 

$1,095 .OO 

1,445 .OO 

03 N/C 

1,840.00 

Disc Integrator**. 

Carrying handle. 

Mounted in cabinet compatible with F & M gas 
chromatographs. 

Ordering 
No.* 

07 585.00 

11 25.00 

12 100.00 

Description Price 

Disc Integrator**. 
Carrvinu handle 

700-3099F Electron capture detector (EC) instru- 
ment with dual flow controllers. 

700-3199F EC instrument with dual flow control- 
lers and proportioning oven tempera- 
ture controller. 2,240.00 

700-4099F Micro cross-section detector (MCS) in- 
ment with dual flow controllers. 1,660.00 

700-4199F MCS instrument with dual flow con- 
troller and proportioning oven tempera- 
ture controller. 2,05 5 .OO 

700-42 MCS instrument with dual flow con- 
trollers and linear temperature pro- 
grammer. 2,305.00 

1,845.00 

Attachments 
700-A-091 Dual TC detector with W filaments, 

bridge, 15-30 volt power supply, de- 
tector oven and installation hardware. 

700-A-291 Dual TC detector with W X  filaments, 
bridge, 15-30 volt power supply, de- 
tector oven and proportioning tempera- 
ture controller and installation hard- 
ware. 795.00 

700-A-l** Dual FI detector and hardware. 450.00 
700-A-3’” EC detector, pulser, temperature limit 

controller and installation hardware. 695.00 
700-A-4** MSC detector, temperature controller 

and installation hardware. 475.00 
700-A-99E Electrometer. 350.00 

545.00 

Kits 
700-0016F Oven with dual TC detector and bridge 

1,445.00 for use with F & M Model 609. 
700-1095F Oven with dual FI detector and elec- 

trometer for use with F & M Model 500. 1,700.00 
700-1096F Oven with dual FI detector and elec- 

trometer for use with F & M Model 609. 1,700.00 
700-1097F Oven with dual FI detector and elec- 

trometer for use with F & M Model 720 1,700.00 
*If Moseley Recorder i s  desired, speci fy t h i s  i t e m  separately on your o rde r  

* * I f  at tachment i s  f o r  use w i t h  Model 700 t h a t  i s  no t  equipped w i t h  elec- 
f r o m  the  fo l l ow ing  table.  

t rometer,  Part  No. 700.A-99E mus t  be ordered also. 

07 I 585.00 

I 11 I 25.00 

1,695.00 

2,090.00 

Mounted in cabinet compatible with F & M gas 
chromatoeraohs. I 12 I 100.00 I 

2,340.00 

1,700.00 

2,095 .OO 

2,345.00 

r e o t h  l e f t a n d h t - m o u n t e d  event marker. I 06 I 70.00 I 

*For 50 Hz operation on input module 17503A, also add -02. See option table for recorder 

*“DISC integrator and right-mounted event marker cannot be installed on same recorder. 
50 Hz operation. 
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An all-purpose preparative gas chromatograph, the Model 
775 accommodates with equal ease, both the “long-narrow” 
columns of 3 / s ,  or 3/4 inch OD and the new “short-wide” 
columns of 2% and 4 inches OD. Because of this unique capa- 
bility, it is equally capable of making high-capacity, high-reso- 
lution and trace component separations. 

High-capacity 
When you want to collect very large volumes of a major 

component, the Model 775 does the job with either 21/2 or 
4-inch OD columns. Sample injections as large as 1 2 5  ml are 
made repeatedly and as much as a liter of the desired pure 
component may be collected in a single day. In the chromato- 
gram of a turpentine separation illustrated here, the Model 
775 automatically made injections of about 65 ml each 
every half-hour for 30 hours, until 3480 ml of the two major 
components and p-pinene) were collected, each at a purity 
of better than 98%. 

High-resolution 

to-separate component, equip your Model 775 with long-nar- 
row columns (as much as 400 feet of 3/s or shorter lengths of 
‘/z or %-inch OD column, depending on the desired degree 
of resolution.) In the middle chromatogram illustrated here, 
the Model 7 7 5  separated a 2.0 ml sample of premium gasoline 
on 32 feet of %-inch column; approximately 50 milligrams of 
one component was collected with a purity of 97.9%, for sub- 
sequent identification by infrared spectrometry. 

Trace components 
When you want to collect a trace component from a mix- 

ture, a great deal of time can be saved by using short-wide 
columns and a large sample size. With this technique, the 
trace component can be collected in an adequate quantity after 
only a single run. In the bottom chromatogram, a 10 ml injec- 
tion of a proprietary plasticizer compound was made on 40 
inches of 4-in. OD column and the impurities (small peaks at 
right of maior peak) were separated out and collected aDart 
I , I  I 

When you want to collect only a small quantity of a hard- from the main component. 
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Model 775 specifications 
Columns: 

Preparative: accepts up to 80 inches of 4” OD; propor- 

Analytical: Y4’‘ OD. 

Thermal conductivity, four filament, hot-wire; high-ca- 
pacity design (no splitting required). 

Integral power supply and bridge controls. 

Controllers: independent indication and control of injec- 
tion port to 350”C, column oven to 325“C, detector 
oven and manifold to 35OOC. 

Oven temperature programmer: choice of 10 rates from 
0.25 to 1o0C/min; adjustable pre-, post-injection and 
upper limit time delays; programmed or isothermal, 
manual or automatic operation. 

Safety limit controllers: hi-limit oven temperature cut-off 
prevents accidental overheating of columns; interlock 
prevents operation of column oven heater without fan. 

Automatic: pneumatically operated time cycle injector for 

Manual: septum type; for 0.25 to 1 2 5  ml injections. 
Vaporizer: high-capacity heat sink supplies 664 calories 

Sample reservoir: 300 ml pressurized reservoir; 1000 and 

tionate lengths of ‘/2”, 3/”, %” and 2%’’ OD. 

Detector: 

Temperature control: 

Sample injection: 

0.25 to 1 2 5  ml injections. 

per OC temperature drop for sample vaporization. 

2 2 5 0  ml optional. 
Sample collection: 

Traps: seven 50 ml glass traps in standard cooling bath; 
1000 ml stainless steel traps optional. 

Component selector: permits automatic collection of any 
six components from a series of up  to seventeen, with 
venting of al l  others to bypass trap. 

/ 

Flow measurement & control: 
Three element type rotameter for continuous indication 
and control of carrier gas flow to prep and analytical col- 
umns. 

Recorder: 
Integral strip chart recorder. 

Physical: 
63” high, 62” wide, 24” deep; 875 lbs (shipping). 
Casters and leveling pads. 

208-220 V, 60  Hz, 20 A. 
Three circuit breakers, 

Electrical: 

Ordering How to order 
No. General Description Price 

Complete instrument 
Model 775 Automatic Preparative GC, includ- 

ing one 300 ml sample reservoir, 
seven 50 ml glass traps, 48” of 1/4” 
OD copper column, 80” of 3/4” OD 
stainless steel column and Elec- 
troniK 18 recorder. $8800.00 

n 

1 TRACE COMPONENTS 

C o 1 u m n s 

Packings 

Sample 
Reservoirs 

Collection 
Traps 

Optional accessories 

3/” OD aluminum; packed; 20 f t  
long. $ 125.00 
3/4” OD stainless steel; packed; 80” $ 95.00 
long. 
295’’ OD stainless steel; empty; 
80” long. $ 789.00 
4” OD stainless steel; empty; 80” 
long. 3 895.00 

Complete choice (write for Col- 
umns & Accessories catalog). 

1000 ml; stainless steel (part No. 
4-55 1 2 - 2 ) .  $ 135.00 
2 2 5 0  ml; stainless steel (part No. 
4 - 5 5 1 2 - 1 ) .  $ 200.00 

50 ml; glass, thermal gradient (part 
no. 2-3832, w/o adaptor) $ 4 4 . 0 0  
spiral; glass (part no. 2-4619,  w/o 
adaptor) 3 4 2 . 0 0  
1000 ml; stainless steel (part No. 
1-5918,  with adaptor). $ 210.00 
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MANUAL PREP GC 
Economical high-capacity, manual operation 

Model 776 

The Model 776 Preparative Gas Chromatograph offers an 
economical alternative to the Model 775, with the same true 
prep-scale capacity but without the automatic features. It ac- 
cepts any prep column between 3/s and 4” OD, handles up to 
125 ml/injection, with a demonstrated collection efficiency of 
90-98% at  purity levels approaching 100%. The 776 also has 
an integral analytical gc capability. 

Semi-automatic sampling system 
Preparative injections can be made through a pair of valves 

that apply carrier gas pressure to the sampling reservoir and 
thus inject the sample. These semi-automatic injections are 
visually monitored from the calibrated sampling reservoir. A 
manual syringe may also be used directly in the preparative 
injection port. A separate septum-type injection port, located 
adjacent to the preparative injection port, accommodates the 
776’s analytical gc system. 

Unique flame detector 
The flame detector of the Model 776 is unique in that the 

hydrogen-air supply is fed to the flame, independently of col- 
umn flow conditions, thus allowing better control of flame size 
and avoiding inadvertent back-flow of hydrogen into the 
oven. For normal operation with 4” columns, approximately 
0.1% of the column effluent is diverted to the flame detector. 

This flow is measured by a manometer and controlled by a 
variable splitter. 

All effluent from the analytical column feeds into the flame 
detector. 

Unlimited oven capacity 
The basic 776 oven is designed for isothermal operation but 

it can also be manually programmed. Its two-element, two- 
blower heating system yields a maximum temperature of 
300°C. A solid-state controller is used along with an upper 
limit cut-off to control oven temperature. 

Design of the 776 permits the use of multiple “Add-on” 
Oven Modules that are identical in capacity and operating 
characteristics to the basic oven, thus giving the 776 a virtually 
unlimted column capacity. 

Versatile collection system 
A high-efficiency collection manifold has five positions each 

of which is equipped with a 50 ml glass spiral trap, a vent tube 
that protrudes above the manifold, and a gravity-seal plug. 
To switch collection from one trap to another is simply a 
matter of transferring the plug from one trap outlet to another. 

The supporting tray for the traps and cooling bath is ver- 
tically adjustable for convenience. 

- 
Model 776 
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Model 776 Specifications 
Columns 

Preparative: accepts up to 80 inches of 4" OD; proportionate 

Analytical: %" OD. 

Unique flame ionization detector design avoids back flow of flame 

Integral electrometer. 

Controllers: independent indication and control of injection port 
and manifold to 350"C, and column oven to 300°C. 

Safety limit controller: hi-limit oven temperature cut-off pre- 
vents accidental overheating of columns; interlock prevents 
operation of column oven heater without fan. 

lengths of 1/2", 3 / " ,  3/4" and 21/2" OD. 

Detector / 

gas, permits nitrogen as carrier gas. 

Temperature control 

Sample injection 

jections. 
Semi-automatic: gas-operated injector for 1.00 to 125 ml in- 

Manual: septum type. 
Vaporizer: high-capacity heat sink supplies 664 calories per "C  

temperature drop for sample vaporization. 
Sample reservoir: 75 ml pressurized reservoir. 

Traps: five 50 ml glass traps and cooling bath; manually selected 
Sample collection 

bypass. 
Recorder 

Flow measurement 
Optional strip chart recorder. 

Rotameter: for continuous indication of carrier gas flows; needle 

Manometer: for measurement of detector gas flows. 

63" high, 48" wide, 23" deep; 425 Ibs (shipping).  Casters and 
leveling pads. 

115-125 V, 60 Hz, 20 A .  
Three circuit breakers. 

valves for control. 

Physical 

Electrical 

How to order 
Ordering 

No. General Description 

Complete Instrument 

Price 

Model 776 Manual Preparative GC, including 75 ml 
sample reservoir, five 50 ml glass spiral traps 
and cooling bath, 80'' of 3 /"  OD prep col- 
umn, and 48" of '/4 OD analytical column. $3500.00 

Options 
01 50 Hz  operation 

02 Honeywell ElectroniK 18 recorder with 
6" chart. 

03 Model 240 temperature programmer. 

04 Add-on Oven (part  number 58lOA) identi- 
cal in capacity and function to basic oven 
(15A; 115 V ) .  

$ 615.00 

$ 645.00 

$l200.00 

Columns, Packings, Traps 

Columns 78'' OD aluminum; packed; 20 f t ,  long. .$ 125.00 
74" OD stainless steel; packed; 80" long. $ 95.00 
21/2" OD stainless steel; empty; 80" long. $ 789.00 
4" OD stainless steel; empty; 80" long. $ 895.00 

Packings Complete choice (write for Columns & 
Accessories Catalog). 

Collection 50 ml ;  glass, thermal gradient (part no. 
Traps 2-3832, w/o adaptor).  $ 44.00 

Spiral; glass (part  no. 2-4619, w/o adaptor).  $ 42.00 
1000 ml; stainless steel (part  no. 1-5918, 
with adaptor).  .$ 210.00 
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Four Microwave Spectrometers are available covering the 
frequency bands between 8 and 40 GHz. The basic spec- 
trometer consists of a phase-locked microwave source capable 
of being swept over any part or all of a frequency band, six 
foot Stark Cell, modulation and detection system, direct fre- 
quency read-out and marking system, power leveling instru- 
mentation, analog display on meter, recorder and oscillo- 
scope, all necessary couplers and attenuators, and completely 
assembled in consoles. The price includes on-site installation, 
instruction of operating personnel and a full one year war- 
ranty on overall spectrometer performance, 

Seven frequency conversion kits are available to convert 
any one of the four 8400B Microwave Spectrometers to an- 
other frequency band. The 8450A Frequency Conversion Kit 
includes the RF Unit, instruments for the leveling loop, 
necessary waveguide instruments such as attenuators and 
couplers, isolators, low pass filters and appropriate detector 
or adapter. 

Four 845 OA Signal Calibrators are available covering the 
frequency bands between 8 and 40 GHz. The price includes 
two directional couplers, waveguide attenuators, modulator, 
phase-shifter, factory assembly and calibration. The spec- 
trometer is available for mounting on a bench or on a wall. 
For those people who already have their own microwave 
spectrometer, subassemblies such as phase-locked sources, 
modulation and detection systems and Stark Cells are avail- 
able. For more information on specifications, applications, 
price and delivery, please contact your local Hewlett-Packard 
Field Office or the Microwave Division, 1501 Page Mill 
Road, Palo Alto, California. 

1 1  
Sample in 

I I 
Sample out 

Figure 1. Two traces taken on  a Hewlett.Packard X8400B Stark.modu- 
lated Microwave Spectrometer. The intensity coeff icient for th is  spe. 
cies. in  th is  sample, is  3.7 x lO-Wcm. The absorption l ine represents 
the detection of  about 10-13 moles/cc of Ol8C1W4 i n  a to ta l  of of 10-8 
moles/cc of OCS. Conditions of measurement: power i n  Cell, 10 mW; 
Stark voltage, 400 V; sweep rate, 4 kHz/secZ; t ime  constant, 100 sec; 
pressure, 100 p of Hg; temperature, 300‘K. 

R8400B (26.5 to 40 GHz) with R8450A Signal Calibrator 
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The classical Pregl and Dumas methods for the microdetermina- 
tion of carbon, hydrogen and nitrogen are slow, tedious and ex- 
pensive. With the Model 185 Carbon Hydrogen Nitrogen Analyzer, 
the microchemist now has at his disposal an equally accurate and 
reliable alternate method that is 4 to 8 times faster - the complete 
185 analysis takes less than 10 minutes. 

In addition to being faster than the conventional methods, the 185 
also requires a much smaller laboratory investment because it en- 
ables a technician with only a minimum of microanalytical training 
and experience to obtain reliable results under normal laboratory 
conditions. 

Complete CHN analysis in 10 minutes 

A second-generation performance-proved instrument for the simul- 
taneous microdetermination of carbon, hydrogen, and nitrogen in 
organic materials, the Model 185 performs a complete elemental 
analysis in 10 minutes. There are five separate reasons for the Model 
185's exceptional speed advantage over the 45 to 80 minutes gen- 
.erally required by the combined Pregl-Dumas procedures: 

( 1 )  on11 one sample is required rather than two for Pregl-Dumas; 
( 2 )  onlj' one weighing is needed, rather than the multiple "weigh- 

in, weigh-out'' procedures of the classical methods; 
( 3 )  anallsis computation is great11 simplified, normally requiring 

only a measurement of peak height on the recorder chart. 
The reason is that the standard Model 185 is equipped with 
a ratio recording system that links the sample balance and 
the recorder. The result is that samples of the composition 
give the same peak height regardless of differences in sample 
weight. Sample weight need not be recorded therefore and 
the computation is reduced to a simple multiplication; 

(4 )  analysis can be continuous because one sample can be weighed 
while the combustion products of the previous sample are 
being chromatographed; and 

( 5 )  the extensive automation of the Model 185 greatly simplifies 
all other aspects of the microanalysis. 

Micro laboratory environment not required 

Microanalysis with a Model 185 requires a single weighing of a 
small (less than 1 mg) sample directly into a light aluminum boat 
on a low-capacity, environment-insensitive microbalance under nor- 
mal laboratory conditions. Since absorption tubes are neither required 
nor used, the special laboratory environment that is necessary for the 
conventional microanalytical weighing is not needed. 

The 185 offers still another economy in the micro lab: operator 
training. T o  train a technician who is generally familiar with con- 
ventional microanalytical 1aboratoT routine takes only a short time. 
Because the 185 method is much more simple than the conventional 
procedure and particularly because it eliminates the weighing of 
heavy absorption tubes on a high-capacity microbalance, a technician 
with only limited microanalytical experience can be trained to obtain 
reliable results in a minimum of time, 

Instrument design features 

The Model 185 C H N  Analyzer incorporates a number of impor- 
tant design features that are unique among instruments for elemental 
analysis, the result of Hewlett-Packard's experience in the field 
which surpasses that of any other manufacturer. 
Two-stage furnace for optimum oxidation and reduction: the 

Model 185 uses a two-stage furnace for sample combustion: 
(1 )  an oxidation furnace, automatically controlled at any temper- 

ature between 750 and 1050'C as selected by the analyst for 
the best oxidation conditions for the sample at hand; 

( 2 )  a reduction furnace, automatically held at 400 to 600°C to 
provide complete reduction of all nitrogen oxides and excess 
oxygen, thus ensuring nitrogen determinations that are reli- 
able within the allowable error of *0.3.%. 

Automatically timed combustion cycle: the peak height response 
obtained during the chromatography of the oxidation products is 
dependent upon the time the sample is confined in the combustion 
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CHN ANALYZER 
Simultaneous microdetermination of C, H and N 

Model 185 

chamber. In the 185, the combustion period is automatically and 
precisely controlled to eliminate analytical error from this source. 
A Aow diversion switch and timer are used for this purpose. In 
the "Timed" position, carrier gas flows through the furnace until 
a "Start" button is pushed. When timer is started, carrier gas 
bypasses the furnace for a precisely timed 20-second period, at end 
of which it is automatically re-directed through the furnace, sweep- 
ing combustion products into the gas chromatograph. 

In the "Manual" position, carrier gas bypasses the furnace. Pilot 
lights indicate whether carrier gas flow is in "bypass" or "through 
furnace" (as shown in diagram). 

Two-zone oven for consistent GC analysis: the 185's column 
oven consists of an outer shell and an inner column oven, each 
equipped with separate and independent temperature control. The 
outer shell maintains an ambient temperature near that of the 
oven and keeps column temperature stable, Peak height thus re- 
sponds to sample composition only and the baseline is stable. 

Single-column single-detector GC system: improved column 
technology led to the single-column, single-detector design of the 
185. All three combustion products - COS, H:O, N? - are sep- 
arated in a single pass resulting in a three-peak chromatogram, 
one peak for each of the combustion products. 

Automatic sensitivity selector: an automatic sensitivity selector 
keeps all three peaks on scale for all types of samples, and allows 
direct peak height readout of the analytical trace. This feature 
releases the operator from having to manually attenuate the CO: 
peak on each analytical run, thus providing unattended operation 
from sample injection to completion of run. 

Specifications 

Analysis time: 10 minutes total. 

Accuracy: comparable to Pregl and Dumas methods; within 0.3% 
allowable error for all three elements. 

Sample range: any solid or liquid material that burns completely 
at 1050°C or less, including those that contain 0, S, P, C1, Br, I,  
F, As, Sb, and Sn. 

Furnace: two-stage type with oxidation furnace and reduction fur- 
nace, each independently temperature-controlled. 

Oven: two-zone type with inner oven and outer shell, each inde- 

Temperature control: 

pendently temperature-controlled. 

1. Oxidation furnace: variable power transformer, adjustable to 

2 .  Reduction furnace: variable voltage transformer, adjustable 

3. Oven: thermostat controller, adjustable ambient to 150°C. 
4. Shell: thermostat controller, adjustable ambient to 150°C. 

1050°C. 

400 to 600'C. 

Temperature readout: pyrometer graduated 0-1 20O'C and five- 
position selector switch for readout of 4 positions noted above 
plus ambient. 

Detector: four-filament thermal conductivity type equipped with 
current adjustment, bridge balance and output attenuation controls. 

Carrier gas: automatically timed bypass control; shutoff control; 
pressure regulator. 

Balance: Cahn Ratio Electrobalance. 

Reduction 

v z . ( s y , . s s  Solenoid 

BYPASS P O S I T I O N  

F U R N A C E  P O S I T I O N  

Recorder: Honeywell ElectroniK 16 equipped for operation with 
automatic sensitivity selector and Ratio Electrobalance. 

Weight: 316 Ibs overall. 

How to order 
Ordering 

185 
No. Description Price 

Model 185, Honeywell ElectroniK 16 Strip 
Chart Recorder and Cahn Ratio Electro- 
balance $6000.00 

19046A F & M Gas Purifier $ 275.00 
(Regulator F & hl Carrier Gas cylinder regulator kit 

Kit)  (two-stage pressure regulator, 6 feet of 
'/4 in. O.D. copper tubing with appropriate 
fittings). Specify carrier gas supplier or 
CGA No. of cylinder outlet $ 50.00 
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VAPOR PRESSURE OSMOMETER 
Fast number-average molecular weights 
Model 302 

The Model 302 Vapor Pressure Osmometer measures the 
osmotic concentration of a solution, operating on the principle 
of vapor pressure lowering. From this data, number-average 
molecular weights of solute species in solution are determined 
precisely. 

The Model 302 VPO is designed for molecular weight ma- 
terials in the range of 100 to 25,000 and are effective for bot11 
natural and synthetic polymer measurements. It can be op- 
erated at 2 5 " ,  37", 5 0 3 ,  6 5 O ,  loo", or 13O0C and can operate 
successfully with sample sizes as small as  10 microliters. It is 
capable of measuring temperature differential between sample 
and solvent drops to better than 0.0001"C. 

/ 

Principles of operation 
In the VPO, two bead thermistors are suspended i;i a pre- 

cisely thermostated chamber saturated with solvent vapor. The 
beads, which undergo a large change in resistance (AR) for 
a relatively small change in temperature, form two legs of a 
Wheatstone bridge. 

When a drop of solvent is placed on the reference thermistor 
and a drop of solution placed on the measuring thermistor, 
solvent rondenses on the solution drop because of the lower 
vapor pressure of the solution. This condensation warms the 
measuring thermistor, producing a difference in temperature 
and, as a result, a relatively large bridge imbalance AR iap- 
prosimately 400 ohms per mole for benzene). 

Since AR is a relative quantity dependent on both the solvent 
and the probe, the VPO must be calibrated with a known 
molecular weight solute for each solvent and probe used. Its 
value is determined at several concentrations and plotted. The 
curve is then extrapolated to infinite dilution to determine the 
molar constant ( K ) .  Once established, this constant does not 
vary for the particular probe and solvent used anti only a 

I 

single calibration is needed. The molecular weight of the un- 
known is then calculated as follows: 

K 
MW=- 

where c = grams/liter 

Rapid measurement 
The VPO's syringe method of introducing sample drops into 

chamber permits readings on a series of samples at 2 to 3 min- 
ute intervals. A single reading may be taken in 2 minutes for 
most organic solvent-solute systems, in 4 to 5 minutes with 
aqueous solutions. Usually, some 60 to 80 measurements can 
be made each 8-hour day. 

Y 

Syringe Guide 
1 

Chamber, 

Thermal - 
Block 

Y 

~ Syringe 

Solvent CUP 

-Thermistor 
Probe 
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VAPOR PRESSURE OSMOMETER 
Fast number-average molecular weights 

Model 302 

Convenience 

The Vapor Pressure Osmometer requires only lo$$'' x 23" 
of bench-top space and weighs only 46 pounds. The unique 
syringe sample introduction system, simple bridge controls, and 
durable design allow the instrument to be operated routinely. 
The electronic section consists of three plug-in sub-chassis for 
ease of servicing. 

Dependable results 

The VPO is capable of operating on an around-the-clock 
basis, providing 1% accuracy for low molecular weight com- 
pounds and useful data for molecular weights to 25,000. Re- 
producibility is better than 1% except at very low readings. 
The following table gives accuracy of the instrument for rep- 
resentative determinations: 

Formula 1- Sample Type 1 MW 1 VPO MW 1 Error 1 
Benzene calibrated with benzil 

1. Anthracene 178.2 177.0 -0.7% 
2. Sucrose Octoacetate 678.6 675.0 -0.5% 

Typical applications 

Bio-Medical Serum and Urine Osmolalities 
Osmotic Coefficients 
Proteins 
Sugars 
Lipids 
Chemical Monomers 
Hydrocarbons 
Prepolymers 
Pol yolefins 
Polyamides 
Cellulosics 
Elastomers 
Petrochemicals 

Water calibrated with dextrose 
1. dl-alanine ! 89.1 1 89.7 1 +0.7%' 1 
2. Raffinose 594.5 586.0 -1.3% 

I I I I I 

Precision 

The VPO's bridge circuitry measures 1.00 ohm to the near- 
est 0.01 ohm (1% precision). 

For a typical organic solvent at 37°C operating temperature, 
the Vapor Pressure Osmometer will show a bridge imbalance 
of 400 ohms per mole of solute. Thus a 0.01 molar solution 
will give an imbalance of 4.0 ohms (neglecting concentration 
effects) which can be read to I%-precision. A molecular weight 
polymer of 20,000, assuming a 2% weight concentration solu- 
bility, would give a A R  of 0.40 ohm which can be read to 
%0.01 ohm, a precision of 21/2%. 

For aqueous solutions, sensitivity is lower due to the high 
heat of vaporization. A R  for water is about 55 ohms per mole. 
A 3% weight concentration would give 1% precision for mole- 
cular weights up to 700 and 4.3% precision up to 3500. 

The final accuracy of a measurement is dependent on sev- 
eral factors unrelated to instrument precision, such as the ex- 
trapolation, interactions, purity, and concentration effects. 

Silicones 
Waxes 

Ordering 
No. 

302 

How to order 

Description Price 

$2800.00 Vapor Pressure Osmometer 
Includes probe and thermostat for 
either aqueous* or non-aqueous opera- 
tion at one temperature. Specify one 
temperature (25", 37", 50°, 65", 
100" or 130°C). Specify aqueous" or 
or nonequeous operation. Requires 
additional aqueous or non-aqueous 
probe and thermostat for each addi- 
tional temperature specified. add 200.00 

Temperature range 

Unlike the cryoscopic and ebulliometric methods, VPO de- 
terminations are made without changing the  physical state of 
the solution. Model 302 may be ordered with thermostat and 
thermistor probe set for any of the following temperatures: 
2 5 " ,  37", 50", 65",  100" or 130°C. Intermediate temperatures 
available on request. Chamber temperature control to within 
&0.001"C, is provided. *Aqueous operation not available a t  100" or 130°C. 

Choice of solvents 

Options 

01 230 V, 50-60 Hz operation. add 75.00 
02 Self draining solvent cup. add 66.00 
03 High range decade. add 110.00 

Model 302 instruments are successfully used with many 
different solvents, a few of which are benzene, cyclohexane, 
carbon tetrachloride, tetrahydrofuran, ethyl acetate, acetone, 
pentane, toluene, ethanol, dimethylformamide, methanol, me- 
thylethylketone, isopropanol, solvent blends, and water. 
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Series 500 Membrane Osmometers are automated instru- 
ments for the precise and speedy determination of the number- 
average molecular weight of natural and synthetic polymers 
in the range 10,000 to 1,000,000. They operate with aqueous 
as well as organic solvents, at temperatures between 5'C and 
130°C. The 500 measures osmotic pressure with a repeat ac- 
curacy of IltO.02 cm of solvent in a range of 20.00 , , , on 
samples as small as 1 ml. 

Based on the dynamic method of measuring osmotic pressure, 
the 500 reaches equilibrium when no more than 1 0 - g  liter of 
solvent has moved into the membrane. 

Individual readings are frequently completed within 10 
minutes after the sample has been introduced.. . and a full 
concentration series, within an hour. 

Sample introduction and flushing are speeded by a valved 
siphon system. A single membrane is used, thus there are no 
membrane matching problems. Dynamic osmometry eliminates 
dilution of the solution and the consequent need for washing 
out the solvent reservoir after each determination. 

Once the sample has been introduced into the 500, the rest is 
fully automatic. Its sensitive optical-servo system automatically 
adjusts the height of the solvent reservoir until equilibrium is 
reached.. , reading out the osmotic pressure directly on the 
digital counter or on the recorder chart. 

/ 

How it operates 
Sample solution is introduced above and pure solvent be- 

low the membrane of the 500. Since the membrane is semi- 
permeable (solvent molecules may pass but not sample mole- 
cules), solvent tends to pass through it in proportion to the 
force of the osmotic pressure of the solution. But the 500 is a 
dynamic osmometer which detects and opposes this force 
through an optical servo-mechanism that reduces the hydro- 
static head on the solvent side of the membrane until it exactly 
equals the osmotic pressure of the solution and thtls prevents  
solvent Po., The system is so sensitive and fast that less than 
10-0 liter of solvent flows into the membrance before equi- 
librium is established. 

Here's how the servo system works. The solvent reservoir is 
mounted on a motor-driven screw elevator and connected to 
the solvent side of the membrane through a capillary in which 
there is a small air bubble. A light source is focused on the 
bubble and reflected to a companion photocell. Any flow of 
solvent through the capillary tends to move the air bubble and 
this motion is immediately detected by a change of light in- 
tensity on the photocell. The amplified output of the photocell 
activates a servo motor which drives the screw elevator and 
adjusts the height of the solvent reservoir to return the bubble 
to its previous position. As a result, the hydrostatic head of the 
solvent is exactly opposed to the osmotic pressure of the 
solution. 

At all times during the process, the hydrostatic head on the 
solvent side of the membrane is indicated on the 500's digital 
counter. At equilibrium, which is frequently reached within 10 
minutes, the counter reading is equivalent to the osmotic pres- 
sure of the solution. 

Advantages of the 500 
The Series 500 Membrane Osmometer is literally thefastest 

way to determine number-average molecular weight M,. An 
individual determination is frequently completed within 10 
minutes after the sample has been introduced; some samples 
take as little as three minutes while even the most difficult 
seldom require as much as an hour. As a result, a full con- 
centration series for determinations is frequently completed 
within an hour .  . , as compared to several hours for other in- 
strumental techniques, and several days for manual static 
osmometry. 

The 500 derives still another speed advantage from its dy- 
namic osmometry principle. There is no net flow of solvent 
across the membrane and therefore no dilution of the sample. 
This speeds calculations as well as instrument prep time. 

The 500 is capable of precise number-average molecular 
weight determinations between 10,000 and 1,000,000. Com- 
mercially available membranes even permit operation below 
10,000 in many cases. The instrument is also capable of os- 
motic and oncotic pressure measurements up to 2 0  cm of hydro- 
static head pressure. , . of measuring activity coefficients and 
interactions, . . and of testing membranes. 

Because its sample chamber volume is less than 0.4 ml, the 
500 can make useful measurements with as little as 0.5 ml of 
sample. Standard procedure, for best accuracy, calls for 1 ml 
of sample including two rinses. For greatest convenience, when 
sample solution is plentiful, a 5 ml sample is used. 

The 500 continuously displays osmotic pressure on an inte- 
gral 4-digit counter with a readability of 0.01 cm of solvent 
head, The instrument also incorporates a recorder output with 
range and zero adjustments. 

Applications 
The most frequent application of Series 500 Membrane 

Osmometers is to determine the number-average molecular 
weight M, of soluble macro molecules. There are two good 
reasons for this: 

1. 3, is the most useful of the molecular weight calculations 
because it l i c  near the peak of the molecular weight distribu- 
tion curve; M, therefore represents the most probable molecu- 
lar weight of the polymer. Furthermore, the breadth of the 
distribution curve can be approximated from the relationship of 

Mn -and this relationship is useful in predicting the physical 
M,. 
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weight 
10,000 

100,000 
1 .ooo.ooo 

properties of the polymer. 
2 .  The Series 500 measures M, faster and more easily than 

any other method. Procedures are quite simple: three or four 
very dilute concentrations of the polymer solution are prepared 
and their osmotic pressure (Ti) is measured in the 5 0 0 . .  . 
automatically. Reduced osmotic pressure (T/C) is calculated 
and plotted against concentration ( C ) .  Finally, the value of 
T/C at zero concentration is extrapolated from the plot and 
the final calculation is made: 

- R T  
M -  

(T/c)c+cl 

Molecular conformation studies 
Measurement of osmotic pressure can also yield useful in- 

formation about polymer-solvent interactions and, through this, 
insight into molecular conformation and chain configuration: 

Here's how. Polymer-solvent interactions result in non-zero 
slopes when reduced osmotic pressure (Ti/C) is plotted against 
concentration ( C ) .  Measurement of the slope gives a quantita- 
tive measure of the energy of interaction, usually expressed as 
the second virial coefficient as follows: 

~ 

g/l moles/l g/l moles/l 
0.05 5 x 10-6 5 5 x 10-4 
0.5 5 x 10-6 50 5 x 10-4 
5.0 5 x 10-6 50 5 x 10-5 

- 

r .  -l 

where A, = second virial coefficient 
R = gas constant 
T = absolute temperature 

The second virial coefficient itself measures deviations from 
ideal solution behavior, It can be approximately related to the 
excluded volume i P )  of the polymer molecule as follows: 

where N = Avogadro's number 
M = molecular weight 

Specifications 
Sample volume: 0.5 ml min.; 1.0 ml standard. 
Sample concentration: 

Sample transport: siphon type, with control valve. 
Membrane: 2 cm2 active area; 42 mm diameter for aqueous, 

Materials in contact with sample-solvent: stainless steel, Teflon 

Solvent type: aqueous or non-aqueous, as specified. 
Temperature range: Model 501, 25" to 65"; Model 502, 2 5 "  

to 130°C; Model 503, 5 "  to 65°C (includes thermoelectric 
cooler ) . 

Temperature control: standard, thermostat pre-set for control 
at fixed temperature ( 5 " ,  2 5 " ,  37", 50", 65" ,  loo", 110", 
13Ooc, as specified). 
Optional-variable temperature controller for operation at 

Safety cut-off: separate thermostat cuts off power to heater in 

47 mm for non-aqueous. 

and Pyrex. 

any temperature within overall range of instrument. 

case of excessive heat. 

Observation systems: telescope for viewing sample stack; port 

Elevator 
for viewing capillary. 

Servo system: optical servo system automatically adjusts 
elevator to balance hydrostatic head of solvent against 
osmotic pressure of solution. 

Hydrostatic head readout: type, four-digit counter; range, 
20 cm nominal; readability, 0.01 cm; repeatability, t 0 . 0 2  
cm . 

Electronics 
Servo controls: selector switches and milliammeter. 
Recorder output: 10 mV standard; 1 mV optional. Range 

and zero controls standard (max. sensitivity gives full- 
scale response for 1 cm of hydrostatic head). 

Power consumption: 115 V, 50 or 60 Hz, 60 watts. 
Recorder: (optional), full transistorized, 10-inch pen travel, 

Y2-second pen speed, 0.2% accuracy, 0.1% linearity; 4- 
speed chart drive (I$$, 3, 6 and 1 2  in./hr.). 

Dimensions 
Elevator and sample chamber: 34M" high (87.5 cm), 21%" 

wide (54.6 cm), 14%" deep (36.8 cm) ;  76 Ibs net (34.5 

Electronics module: 11%" high (29.8 cm), 9" wide (22.9 
cm),  21" deep (53.2 cm) ;  35 Ibs net (15.9 kg) for 115 V 
operation, 43 Ibs (19.6 kg) for 230 V operation. 

Thermoelectric cooler: (Model 503 only), 141/2" high (36.8 
cm),  8%" wide (20.6 cm),  5%" deep (13.3 cm).  

kg).  

Ordering How to order 
No. 
501 

502 

503 

01 
02 

03 
04 
05 
06 
07 

08 

09 

10 
11 
20 
21 

Description Price 
Membrane osmometer for non-aquenous OP- 
eration at 25" to 65°C; 10 mV recorder out- 
put; 115 V, 60 Hz 
Membrane osmometer for non-aqueous op- 
eration at 2 5 "  to 130°C; 10 mV recorder out- 
put; 115 V, 60 Hz 
Membrane osmometer for non-aqueous op- 
eration at  5 "  to 65°C; 10 mV recorder out- 
put; 115  V, 60 Hz 

Options (factory-installed) 

$4375.00 

5125.00 

5700.00 

For aqueous operation n/c 
Thermostat for operation at 5'C 60.00 
(Model 503 only) 
Thermostat for operation at 25°C 60.00 
Thermostat for operation at 37'C 60.00 
Thermostat for operation at 50°C 60.00 
Thermostat for operation at 65'C 60.00 
Thermostat for operation at  100°C 60.00 
(Model 502 only) 
Thermostat for operation at 110°C 60.00 
(Model 502 only) 
Thermostat for operation at 130'c 60.00 
(Model 502 only) 
Variable Temperature Controller 375.00 
1 mV recorder output n/c 
50 Hz operation (115 V )  n/c 
50 Hz operation (230 V )  40.00 

Recorder 
H02-7127A Moseley strip chart recorder with 

17504-80060 plug-in 10 m V  input module, 
10-inch calibrated chart, 0.2% accuracy, 
four-speed chart travel; 115 V, 50 or 60 Ht 1050.00 
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AUTO-VISCOMETER 
Automatic programming, recording of efflux time 
Models 5901B, 5910A, and 5903A 

5901B and 5910A 

Viscometry begins with the measurement of efflux time, 
which is a characteristic flow time of a liquid and corresponds 
to its viscosity. Therefore, highest accuracy in determining 
efflux times yields highest accuracy in final calculations- 
whether for intrinsic viscosity, kinematic viscosity, or for mole- 
cular weight. 

The three instruments described here-in combination-pro- 
vide extremely high accuracy and reliability in measuring ef- 
flux times. Using all three-the Auto-Viscometer, the Constant 
Temperature Bath, and the Programmer-you can expect: 

a )  10 times better accuracy than stopwatch techniques 
b )  Uniform temperatures for viscometers to within O.OO>"C 

up to 7 5 ° C  (within 0.01" up to 150°C). 
c )  Unlimited and automatic repeat measurements on any 

given viscometer. 
d )  Automatic sequences for all four viscometers in the sys- 

tem with up to 10 repeat measurements per viscometer. 
e )  A permanent record of all efflux times measured 
Individual functions of these instruments are described as 

/ 

follows : 

5901 B Auto-Viscometer 
Heart of the whole viscometer system is the improved version 

of the Auto-Viscometer, which employs a new external pump- 
ing system and a new internal pressure regulating system. This 
allows the use of inert gas (in place of air) as the pressure 
pumping medium. Inert gas is sometimes preferable to avoid 
oxidation of sensitive sample liquids. Four detector sets come 
with the unit. Each set consists of an upper and lower photo- 
cell detector for detecting meniscus movement. These detectors 
will fit most glass capillary viscometers. 

Automatic influxing and timing eliminates error between 
operators due to differences in techniques and human fatigue. 
The bright neon-Nixie@display provida a digital readout that 
can be held for observation until released by the operator. A 
switch, selecting one of four sets of detectors, allows continuous 
operation, While one viscometer is running, another can be 
pre-warmed and others cleaned and loaded. 

The Auto-Viscometer measures efflux time in glass capillary 
viscometers with a transistorized electronic counter using a 
quartz crystal oscillator as a time base reference. This approach 
not only makes viscosity measurements more efficient, but pro- 
duces results at least 10 times more accurate than stopwatch 
techniques. The electronic counter measures efflux time auto- 
matically through use of photocell detectors mounted at  upper 
and lower reference points on the glass viscometer.* Position- 
ing screws are provided for spacing adjustments between upper 
and lower reference points. Each detector consists of a self- 
contained, miniature light source and photocell in a compact 
submersible unit. "On and Off" triggering of the time interval 
counter occurs when the meniscus of the solution drops past 
the detectors; the time is read on the Nixipdisplay. This read- 
ing remains until intentionally erased by the operator. After 
the operator records the efflux time, he can either repeat the 
run or switch to another channel for a new measurement. 

*Glass Viscometers: Hewlet t -Packard does no t  sel l  g lassware b u t  recommends 
the  standard Ubbelohde-Di lut ion (suspended level) and the  Ubbelohde Semi- 
M i c r o  Viscometers descr ibed i n  ASTM D445 and DIP 71, appendices C and M. 
These types are convenient t o  use and are compat ib le w i t h  the  5910A Constant 
Temperature Bath. However, v i r tua l l y  any U-tube viscometer may be used, 
i nc lud ing  Sii, Ostwald,  Cannon-Fenske. The Auto-Viscometer must be special ly 
mod i f i ed  f o r  use w i t h  Reverse Flow Viscometers. 

5910A Constant Temperature Bath 
The Constant Temperature Bath can be used independently 

as a general laboratory device. However, its specifications meet 
the exacting requirements for precise viscosity measurements, 
and is especially suited for use with the Auto-Viscometer de- 
scribed on this page. It comes with ports for four viscometers 
(to mate with the four-detector capability of the Auto-Viscom- 
eter ) and will maintain temperature uniformity and accuracy 
to 0.005"c variation up to 75°C. Port lid is easily removed for 
additional access. It will reduce errors due to temperature 
fluctuations and its temperature stability and compact size make 
it an ideal addition to viscometry studies. For special applica- 
tions, the researcher may buy a blank lid (Ordering No. 
18559A) and make his own port openings. 
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AUTO-VISCOMETER 
Automatic programming, recording of efflux time 

Models 5901 B, 5910A, and 5903A 

5903A Programmer 

The repetition of efflux time measurements yields data of 
high confidence, and final viscometry calculations will have 
utmost precision. A combination programmer and printer, the 
5903A virtually eliminates the tedium of constant monitoring 
and recording of data, while giving you capability for unlimited 
measurements. It attaches to the Auto-Viscometer to auto- 
matically program efflux time measurements. The Programmer 
can control a sequential run from channel to channel (one 
through four on the Auto-Viscometer) and will repeat the 
program for as long as the operator wishes. Up to 10 repeat 
measurements per channel can be made, with 40-second inter- 
vals between measurements. Alternately, an unlimited number 
of repeat measurements can be done on individual viscometers. 
This automatic printout of efflux times gives you a permanent 
record of measurements, and is a time-saver. Each reading, 
moreover, is coded with viscometer number and run number. 
The printer is identical to H P  562A, described on page 97 in 
this catalog. 

With the timer option, you can have an automatic system 
for timed interval measurements for reaction kinetic studies 
where a change of viscosity occurs. 

The timer will set the programmer to make measurements 
from 5 to 100 minutes apart. Timer settings are in >-minute 
increments. 

Specifications, 5901 B Auto-Viscometer 

Range and resolution: up to 1000 seconds kO.01  second; up to 

Readout: Neon NixieB5-Digit Register with decimal point 

Accuracy: at least 5 0 . 1  second. Based on reproducibility of 
typical measurements of efflux time up to 300 seconds using 
Model 5910A Bath. 

100 seconds kO.001 second. 

indicated. 

Operating temperature: 5°C to 135°C. 

Glassware*: detectors ndl accomodate viscometers with 6.5 to 
10 mm diameter at point of detection. 

Response time: 10 microseconds 

Minimum meniscus speed: 1 inch per minute. 

Power requirements: 115/230 V &lo%, 50 or 60 Hz, 60 watts. 

Dimensions: 10” high, 81/2” wide, 13” deep. 

Weight: net 17 lbs; shipping 2 2  lbs. 
*Glassware  not suppl ied w i t h  instrument.  

5910A Constant Temperature Bath 

Operating range: up to 150°C. 

Temperature control and bath uniformity: up to 75°C 

Bath heating and cooling: 500 watt heating coils. Cooling coils 

10.005”C; over 75’C i0 .01”C.  

for use with external cooling system. 

Power required: 115 V 1 lo%,  60 Ht, 520 watts. 

Dimensions: 2211’2” high, 14” wide, 19” deep. 

Weight: net 80 Ibs; shipping 90 Ibs. 

5903A Programmer 

Printer: see specifications on H P  562A on page 97 

Programmer: sequence and repeat selectors for four viscometer 

Power requirements: 115/230 V 1 1 0 % ;  50 or 60 Hz; 130 

Dimensions: 121/2” high, 20%” wide, 181/2” deep. 

Weight: 35  lbs. 

channels. 

watts. 

How to order 
Ordering 

No. 

5901B 

5903A 

5910A 

18545A 

18547A 

Description Price 

Auto-Viscometer, complete with pump and 
4 sets of detectors $2490.00 

Programmer, with printer 2600.00 
Option 01 : timer for measurement intervals 
of 5 to 100 minutes, add 125.00 

Constant Temperature Bath, with 4 vis- 
cometer clamps 1650.00 
Option 01 : blank lid for constant ternpera- 
ture bath for special adaptions, add 52.00 
Option 02: Low Temperature Probe, add 75.00 
Option 03 : Microviscometer Adapters, add 8.00 

Accessories 

Spare Photocell Detector for Auto- 
Viscometer 185.00 

Spare Viscometer clamp for Constant Tem- 
perature Bath 37.50 
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SI-4 Solid Sample Injector 
T h e  Solid Sample Injector is ideally suited for introduc- 

ing exact weights of solid or viscous materials into a gas 
chromatograph and is adaptable to most makes of chromato- 
graphs. It employs a glass melting point capillary to hold 
and inject sample. Stainless steel, 1 lb. SI-4, Solid Sample 
Injector basic price: $150. 

80 Pyrolyzer 
The Pyrolyzer (not shown) extends the scope of G C  by 

decomposing non-volatile samples semi-automatically and is 
useful in analyzing large, polyfunctional molecules. Suitable 
for direct connection to F & M instruments, these pyrolyzers 
can be adapted to most other G C  makes. 115 V/220 V, 60 
H z  (50 Hz, optional), 1 6  Ibs. 80 Pyrolyzer basic price, 
including adapters: $350. 

GV-lO/11 Gas Sampling Valves 
For the accurate, reproducible and leak-free injection of 

gases into a GC, the Gas Sampling Valves are available with 
a choice of 6 sample loop capacities from 0.5 cc to 25 cc. 
GV-10 Gas Sampling Valves basic price without shut-off 
valve: 5225; with shut-off valve (GV-11)  : 6275. 

/ 

60 Backflush Valve 
The Backflush Valve (not shown) reverses direction of 

carrier gas through the column with the twist of a knob. 
This rapidly clears the column of unwanted components in 
an analysis, e.g., natural gas analysis, where only low-boilers 
are of importance. The valve has an integral heater and a 
replaceable teflon rotor with compression adjustment for 
leak-free operation up to 225OC and 50 psig. For proper 
operation, the heater requires an auxiliary controller. 60 
Backflush Valve basic price without control: $95; wth con- 
trol: $195. 

/ 

50B Automatic Attenuator 
Regardless of input signal intensity, the Automatic Atten- 

uator holds all peaks on the recorder chart. Eleven positions 
of binary attenuation factors from 1 through 1024 to infinity 
are available. The  unit attenuates the signal each time the 
peak approaches 95% of chart width, and scales down each 
time the peak falls below 35% of width. All peaks are clearly 
identifiable, Quantitative data are readily calculated by the 
usual peak height or area method. 50B Automatic Attenuator 
basic price: $300 (limit switches to adapt for the various 
makes of recorders are optional). 

19035A Sample Injection Splitter 
Specially designed for use with small-diameter, low-flow 

G C  columns, the Sample Injection Splitter (not shown) 
attaches directly to the injection port and provides a variable 
split ratio to  give proper volume of sample injection on these 
columns. Includes integral heater to keep the system at in- 
jection port temperatures, Careful splitter design minimizes 
the ghosting, non-linear and fractionation difficulties often 
encountered in splitter systems, (For  use with F & M Series 
810 and 5750 Gas Chromatographs only.) 19035A Sample 
Injection Splitter price: $125. 

19034A Effluent Splitter 
For use with F & M Series 810 and 5750 Gas Chromato- 

graphs, this splitter (not shown) converts to either three-way 
(for  5750) or two-way use (for  either uni t ) .  It comes com- 
plete with a set of interchangeable splitters for fixed ratios 
in all combinations possible with 1 :5 :10  splits (e.g., 1 : 5 : 5 ,  
1 : 10: 5, 1 : 1 : 1 ) . All mounting hardware is included for con- 
nection to %" outlets. 

19034A Effluent Splitter price: $175. 

220 Temperature Controller 
Position the temperature probe and dial the desired tem- 

perature on the 220 and you have an isothermal temperature 
control which is responsive to deviations of less than 0 . l " C .  
Although designed specifically for use in gas chromato- 
graphy, it can be used in any application where accurate 
temperature control is needed. It has proportional power 
output and smooth control over 0-1500 watts range. 220 
Temperature Controller (not shown) basic price: 5395. 

Specifications 
Readout: dial indicator, 
Thermocouple probe: iron-constantin with bare junction, 6 f t .  

Power requirements: 95 to 125 V, 50 or 60 Hz, 1500 watts. 
Physical dimensions: 7" high, 9" wide, 9" deep; weight 9 

leadwire; probe tip, Y8'' long x 3/16" O.D. 

pounds. 

240 Temperature Programmers 
The 240 has the temperature control circuit of the 220 

described above, and has a programming mechanism for 
temperatures from ambient to jOo°C (or 1000°C as an 
opt ion) ,  Can be operated as an isothermal temperature con- 
troller, or as a temperature programmer. T o  program, you 
have twelve different heating rates which are selected by 
gear-shift control of a plastic gear train. These program 
heating rates are: 1, 2, 3, 4, 5 ,  7.5, 10, 15, 20, 25, and 
30"C/min. Certain models have reversible programming 
rates. 240 Temperature Programmer, basic price (for 
500OC) : $645. 
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___ ~ 

For use wilh 

type temperature 8OlA and 802 no. Price 
Non-aqueous 25'C X 18501A 140.00 

3 7 T  X 18502A 140.00 
50°C X 18503A 140.00 
65'C X 18504A 140.00 

innor  Y 1UQlQA im nn 

Solvent Operating model no. Ordering 

240 Temperature Programmer I 

Aqueous 

50B Automatic Attenuator 

I"" " - . 1 1 1 1 1 .  

130% X 18510A 140.00 
25'C X 18505A 140 .OO 
? v r  Y 1!45flRA 1 do nn 

Gas Sampling Valve 

Specifications 

Readout: indicating pyrometer and digital indicator. 

Thermocouple probe: ( to  500°C) : Iron-Constantin bare junction, 
with 6-foot leadwire, probe tip, l/s" long by 3/16" O.D. ( T o  
1000°C) : as above, with Chromel-Alumel thermocouple instead 
of Iron-Constantin. 

Power requrements: 115 V/50 or 60 Hz. 

Physical dimensions: 8%'' high, 1 2 "  wide, 10'' deep. 

Weight: 12 Ibs. 

19055A Total Collection System 

For trapping components of a mixture as they elute from an 
analytical instrument, the total collection system (not shown) traps 
both carrier gas and component as desired. The system consists of 
a 300 ml glass flask, a manifold needle valve and a soap film flow- 
meter. Useful for small-scale collections needed in further analytical 
work. Requires adapters for specific instruments. 19055A Total 
Collection System, basic price without adapters: $1 20. 

19046A Gas Purifier 

The Gas Purifier (not shown) will clean up a G C  carrier gas 
source of contaminants which would degrade analytical results, 
principally unwanted oxygen, carbon dioxide, or low hydrocarbons. 
I t  is specifically recommended for use with the F & R;I hiodels 180 
and 185 C-H-N Analyzers where these impurities would critically 
reduce accuracy of micro-analysis. The purifier consists of a molecular 
sieve dryer tube which removes C 0 2  and water; a heated tube which 
removes hydrocarbons and CO by precombustion, and oxygen by 
forming CuO as the gas passes over reduced Cu. 19046A Gas 
Purifier, basic price: $275. 

Thermistor probes 

Thermistor probes (not shown) for the 302 Vapor Pressure 
Osmometer are all interchangeable and easily installed. They sense 
the temperature differential between solvent and solute drops within 
,001"C. Two types are available, one for aqueous operation; one 
for non-aqueous operation. See table below for prices and ordering 
n urn ber , 

I I _"I"".. , ~ " I  " I 

50% I X I 18507A I 140.00 
65% I X I 18508A I 140.00 I 

X = available 

Thermostats 
Interchangeable with both Model 302 Vapor Pressure Osmometers 

and Series 500 Membrane Osmometers. These thermostats (not 
shown) maintain specified temperature within 0.001 "C. Basic price: 
$60. See table for ordering number. 

18526A Variable Temperature Controller 
A single device (not shown) which allows the operator a con- 

tinuous control of temperatures within the range of his particular 
Series 500 Membrane Osmometer. It is necessary to specify serial 
and model number of your Membrane Osmometer to insure receipt 
of proper installation kit for the Variable Temperature Controller. 
18526A (18562A for 50 Hz operation) Variable Temperature 
Controller basic price: $375.  

Further information on chemical instrumentation accessories is 
available in a 44-page catalog, Columns and Accessories for Chemi- 
cal Instrumentation Catalog No. 2. For pour copy, c ~ n t a c t  your 
nearest Hewlett-Packard sales office. 
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Bedside Monitors 
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Pacemakers 
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Research&SpecialPurpose. , . . . . 61 
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Heart Sound Amplifier 
Cardiac Output Computer 
Thermal Dilution System 
Numerical Display 
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__ __ __ -F MEASURING, MONITORING, RECORDING 
PHYSIOLOGICAL DATA MEDICAL INSTRUMEN TATION 

lnstruments and Systems f o r  Measur- 
ing, Monitoring and Recording Physio- 
logical Data:  The following pages sum- 
marize the main features of the majority 
of Sanborn instruments for clinical medi- 
cine, clinical laboratory, patient monitor- 
ing, resuscitation, multi-channel diagnosis 
and multi-channel research. Additionally, 
references will be made in the following 
text to various Hewlett-Packard test in- 
struments which are applicable to the 
medical instrumentation listed. 

Total system concept 
In order to best meet the needs of a 

customer in the bio-medical filed, Hew- 
lett-Packard Sanborn Division strives to 
provide, wherever possible, a total re- 
cording system rather than isolated in- 
strument components so that our medical 
customer can be assured of obtaining the 
desired results in the most appropriate 
form. 

A complete data acquisition system 
consists of a signal pick-up, signal condi- 
tioner, readout device, and as required a 
data storage unit. 

The pick-up consists of electrodes for 
sensing bioelectric phenomena and trans- 
ducers for converting the physical phe- 
nomena into an electrical signal. The sig- 
nal conditioner simply amplifies the sig- 
nal from the pick-up so that there is 
sufficient drive for readout devices, or the 
signal conditioner may modify the 
pick-up signal in order to convert the 
data into a more useful form for read- 
out. The readout device presents the data 
in a form convenient for monitoring and/ 
or study. The storage device preserves 
the data for readout at a later time. 

The readouts can be in the form of an 
oscillograph, XY recorder, visual dis- 
play, alarm, and/or typewriter output. 

Oscillographs are available as direct- 
writing heated stylus type, optical photo- 
graphic type, and optical ultra-violet 
type. 

The visual displays consist of various 
size single and multi-channel oscillo- 
scopes, large scale meters and numerical 
readouts. 

Alarms are both audible and visual 
type. 

Storage devices consist of punched 
tape, punched card, digital magnetic tape 
and analog magnetic tape systems. 

The wide choice of Hewlett-Packard 
instrument components in the categories 
listed above, distinctly equips the San- 

/ 

born Division to provide total data ac- 
quisition systems. 

Clinical medicine 
The Hewlett-PackardJSanborn Divi- 

sion is perhaps best known for their 
Model 500 Electrocardiograph, designed 
for both office and hospital use. Addi- 
tionally, the Model 1506A Heart Sound 
Preamplifier is available for use with the 
Model 500 Electrocardiograph for re- 
cording direct-wiring heart sounds. The 
Sanborn Division, one of the earliest 
manufacturers of vectorcardiographs, is 
now offering the new Model 1520A 
Vectorcardiograph System incorporating 
a number of features never before avail- 
able. Another new instrument for clini- 
cal medicine is the Model 72144 Diag- 
nostic Sounder which uses ultrasonics 
to determine the location and movement 
of internal organs and is, therefore, used 
as a diagnostic tool in a number of dif- 
ferent applications. The Rappaport/ 
Sprague Stethoscope, developed after 
extensive research by a cardiologist-en- 
gineer team, is available to those who 
wish to achieve the highest possible 
acoustic transmission efficiency of all 
heart sounds. 

Patient monitoring 
Patient monitoring has been shown to 

be of great value in the intensive care 
unit, recovery room, and operating room. 
Intensive care of patients can be aided 
and indeed enhanced through the use of 
electronic instruments which continu- 
ously observe various physiological fac- 
tors such as ECG, blood pressure, tem- 
perature and respiration. The physiolog- 
ical data is appropriately displayed on 
readout devices for convenient and effort- 
less monitoring by the medical staff. High 
and low limits can be set so the nursing 
staff can be particularly alerted when an 
abnormal situation occurs which may in- 
dicate patient distress. 

Sanborn Division of Hewlett-Packard 
Company has developed a special series 
of electronic instruments for the particu- 
lar function of patient monitoring. The 
780 series of monitoring units offer many 
possibilities of system variations to sat- 
isfy the particular requirements of moni- 
toring in different areas. 

780 units are small, compact, self- 
contained instruments which are used in 
various combinations at the patient’s bed- 
side. Signals from the 780 units are avail- 
able for use at a central station where a 

number of patients may be conveniently 
monitored. 

In some areas such as the operating 
room where patient monitoring is com- 
bined with the data acquisition for re- 
search, Sanborn multi-channel systems 
are used with either the “350” or “760” 
series of signal conditioners. 

Resuscitation 
An isolated pacemaker and synchro- 

nized D C  defibrillator is available for 
cardiac resuscitation in all areas of the 
hospital. 

Multi-channel diagnostic systems 
Multi-channel systems are used rou- 

tinely in cardiac catheterization labora- 
tories to record pertinent data such as 
cardiac blood pressures, indicator dilu- 
tion characteristics and the electrocardio- 
gram. In the heart station, multi-channel 
electrocardiograms may be recorded in 
addition to heart sounds. ballistocardio- 
grams, as well as various pulses. In the 
pulmonary function laboratory, the re- 
cording of respiratory airflows, volumes 
and pressures are essential in analyzing 
respiratory diseases. 

Multi-channel research systems 
In order to provide a researcher with a 

system designed to suit his particular 
needs and to assure the greatest flexi- 
bility, Sanborn Division has a special 
products group which on special order 
provides custom-designed systems utiliz- 
ing standard instrument components. 
The focal point of a large research sys- 
tem is a signal distribution panel which 
affords maximum flexibility in distribut- 
ing signals from the various signal con- 
ditioners to the several readout devices 
and storage unit. Using an analog mag- 
netic data recording unit, signals may be 
played back to the various readout de- 
vices with ease and if desired these play- 
back signals may be further modified by 
signal conditioners in order to extract ad- 
ditional information from the raw data. 

Test equipment 
Throughout the Hewlett-Packard cata- 

log will be found a wide choice of elec- 
tronic test equipment ideally suited for 
trouble shooting, alignment and perfor- 
mance checkout of medical data acquisi- 
tion systems. 
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T H E  SANBORN/FROMMER MODEL 75 BLOOD 
CELL COUNTER is a precise optical-electronic device for 
fast, simple, repeatably accurate counts of red and white 
blood cells, Operation consists of simply placing a diluted 
sample (see 74R, W Hemo-Diluter data below) in the reser- 
voir and depressing the operating lever. Within six seconds 
and for  the next 15 seconds, the cell count in cells/cu. mm is 
indicated continuously on the panel meter. The next sample 
can be poured and measured immediately, This instrument is 
particularly valuable in routine admission tests, diagnostic 
and research studies, and wherever cell counts must be made 
repeatedly and quickly without loss of accuracy because of 
operator fatigue, variation in technique, etc. SPECIFICA- 
T I O N S :  Scales: white celI count 0-25,00O/cu. mm, red cell 
count 0-8 million/cu. mm;  Precision: single reading repeata- 
bility i l l /2%; Stability: count independent of line voltage 
changes between 100 and 130 volts; Blood Volume req’d: 
0.05 ml for white count, 0.001 ml for  red count (manual 
pipetting) or 0.029 ml with Hemo-Diluter; Size: 121/4” 
high, 181/4” wide including waste jar, 16” deep (310 x 464 x 
406 mm) ; Weight approx. 44 lbs (19.8 kg)  ; Power: 11 5 V, 
60 Hz, 90 watts (Model 75X for 230 V, 50 H z ) .  PRICES: 
Sanborn 75 w/cab. pump and waste jar, $1800. 75X, $1825. 
75X Option 01 ( 1 1 5  V 50 H z ) ,  31825. 

SANBORN HEMO-DILUTERS permit fast, accurate 
sample dilutions with pushbutton simplicity, avoiding 
manual pipetting and visual measurement. Dilutions accurate 
to i l  F, reproducible to _ t O . j y A .  White-cell sample dilu- 
tions in one step, red-cell in two, Size: 117/8’’ high, 43/“  
wide, 8y8” deep (302 x 1 2 1  x 207 m m ) ,  PRICES: Sanborn 
74R (red cell) or 7 4 W  (white cell), for 115 V, 50-60 Hz, 
$375. Option 01, for 230 V, $405 each. 

T H E  RAPPAPORT-SPRAGUE ACOUSTIC STETHO- 
SCOPE makes heart sounds and murmurs of the faintest 
level and both high and low pitches clearly audible, aiding 
accuiate auscultation in cardiology, pediatrics and obstetrics. 
Specially designed chest and ear pieces, and tubing of optimal 
bore and length, are the result of 10 years’ research by a 
cardiologist-engineer team, Length overall 20”, rubber tub- 
ing 1 2 ”  long. All chest pieces unbreakable Eastman Tenite. 
Five chest pieces with Model 280 include adult diaphragm 
for high pitched murmurs, pediatric diaphragm for high 
pitched murmurs, 13/S” open bell for low and medium 
pitches, 1” open bell for localizing low and medium pitches, 
and 3/4” open bell for  low and medium pitches in infants. 
Sanborn 280 with five chest pieces and three sets ear pieces, 
$25. Model 280-01 with adult diaphragm, 1y8” open bell 
and one set ear pieces, $19.75. 

THE SANBORN METABULATOR provides graphic 
chart recordings of patient’s oxygen consumption, from 
which basal metabolic rate may be quickly and accurately de- 
termined. Method is safe, time-proven by long experience, re- 
peatable as often as needed without risk to patient or danger 
of results being affected by previous radiological tests. Simple 
operation without water or ink refill, comfortable for patient. 
In  caster-mounted mahogany cart 33” high, 25” wide, 12” 

deep (838 x 635 x 305 m m ) .  Model 10 with oxygen tank, 
0-3000 f t .  barometer, for 115 V, 60 Hz, $795. Option 03, 
3000-12,000 ft. barometer, no extra charge. Option 04 less 
oxygen tank, $775. Option 09 for 230 V, $825. 

Model 75  Cell Counter 

Models 74R, 74W 
Herno. Di lu t ers 

Stethoscope 

5 
Model 10 Metabulator 
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THE SANBORN “500 VISO” is a compact, portable ECG 
completely modern in its physical and electronic design, which 
produces diagnostically-clear traces with simple, reliable opera- 
tion and in a minimum of time. Special input circuits permit 
the use of new non-abrasive, easily applied Redux Creme; 
greatly reduce the possibility of “ac” interference appearing in 
the record; and afford better patient protection without de- 
pendence on fuses in the patient circuit. All operating controls 
are on the top panel, and are so arranged beneath hinged fold- 
back covers that only those commonly needed are normally in 
view. All cables, Redux Creme, electrodes and straps are readily 
accessible in a compartment removable for washing. Modular 
construction of this ECG is extremely rugged and the exterior 
withstands typical hard usage such instruments receive, yet 
lightweight aluminum throughout keeps total weight of instru- 
ment and all operating supplies down to 2 1  pounds. Slim pro- 
file and comfortable carrying handle make the “500” easy to 
carry wherever it is needed. 

/- 

Specifications 
Sensitivity: (ac) x, 1 or 2 mV/cm, switch selected. When used 

as a 1-channel recorder, dc sensitivities are 2 5 ,  50 or 100 mV/ 
cm, switch selected. Output: 1 V/cm stylus deflection. 

Chart, chart speeds: heat-sensitive, inkless Sanborn Perma- 
paperB, 50 mm wide, 1 mm vertical and horizontal grid, ev- 
ery fifth line accentuated; 6%’’ chart visible at all times, 150- 
f t .  roll. Chart speeds 2 5  and 50 mm/sec, switch selected. 

High frequency response: two switch-selected ranges: Low, 
down less than 3 dB at 70 Hz; High, down less than 3 dB 
at 100 Hz. 

Major controls: Off-On-Run, Power On Light, Polarity Test 
pushbutton, Trace Intensity, Stylus Position, Lead Marker, 
1-mV Stand. signal, 9-pos. Lead Selector switch with stylus- 
stabilizing Instomatic action between settings (Std. 1, 2, 3, 
AVR, AVL, AVF, V, CF) . 

Size and weight: 5%“ high, 13%” wide, 13%” front to back 
( I33  x 35 x 35 cm).  With all accessories, 2 1  Ibs. (9 ,5  kg) .  

Power: 115 V,  60 Hz, 60 watts (Model 5 0 0 ) .  For 115/230 V 
switch selected, 50 Hz, Model 500x. Same but 60 Hz, Model 
50OX Option 03. For 100 V, 60 Hz, Model SOOJ. For 100 V, 
50 Hz, Model 500J Option 08. 

Prices: 
500 Viso-Cardiette, 11 5 V, 60 Hz $695, 

Option 01 : three-wire power cord; No Additional Charge. 
Option 02: fine line stylus; No Additional Charge. 
Option 05: modification for use with 780-13A remote 

switching unit, add $150. 
500J Viso-Cardiette, 110 V, 60 Hz $720. 

Option 01 : three-wire power cord; No Additional Charge. 
Option 02: fine line stylus; No Additional Charge. 
Option 05: modification for use with 780-13A remote 

Option 08: 50 Hz operation; No Additional Charge. 

Option 01 : three-wire power cord; N o  Additional Charge. 
Option 02: fine line stylus; No Additional Charge. 
Option 03: 60 Hz operation; No Additional Charge. 
Option 05: modification for use with 780-13A remote 

For recording phonocardiograms (heart sound tracings) of 
diagnostic quality, the Model l506A Heart Sound Amplifier 
is especially designed for use with the 500 Viso. High resolu- 
tion tracings of 50-2000 Hz heart sounds may be obtained 
which reveal the shape, duration and location of the sounds 
and murmurs, to aid in augmenting auscultation made diffi- 
cult by the presence of complex arrhythmias or marked 
tachycardias. 

For telemetry of EGGS by Telephone equipment, the 500 Vis0 
is completely compatible without modification with Data- 
phone Transmitters 603A and 603C, and Receiver 603B. A 
single connecting cable (see Accessories, facing page) be- 
tween Vis0 and Dataphone permits transmission of ECG to 
any diagnostic facility equipped with Dataphone Receiver. 

For scope display of ECG waveform, particularly in ICU areas, 
the 500 Vis0 is compatible with 780-3 and 780-6 oscilloscopes 
(see pp. 49 and 5 5 ) .  For remote, automatic ECG recording 
at an ICU Central Station, the 500 may be used with the 
780-13A Remote Switching Unit. 

For arnplification/recording of other ac and dc signals, the 
500 Vis0 accepts ac signals from 0.1 to 100 Hz, with a max. 
sensitivity of 1 cm stylus deflection/O.> mV signal; with dc 
signals up to 100 Hz, max. sensitivity is 1 cm stylus deflec- 
tion/25 mV input signal. (For more data, consult Hewlett- 
Packard field office or Sanborn Division in Waltham.) 

switching unit, add $150. 

500X Viso-Cardiette, 115/230 V switch, 60 Hz $720. 

switching unit, add $150. 
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ECG ACCESSORIES 
Cables and adapters 

14000 Exercise Cable, 5-wire, with electrodes (use with 
14008A Adapter) $21.50 

14008A Adapter, 5-pin to 6-pin (for 14000, 373)  7.50 
14017B Patient 3’ Extension Cable (for 500) 10.50 

11 .oo 
14022B Standard 500 Patient Cable 11.75 
10G2-36MC Output Cable, 500 to 780-3 or 780-6 5.25 
460-218A Output Cable, 500 to Bell Tel. 603A, 603D 

Dataphone Transmitters 27.00 
460-218B Input Cable to 500 from Bell Tel. 603B 

Dataphone Receiver 27.00 
460-218c Output Cable, 500 to Bell Tel. 603C Data- 

phone Transmitter 37.00 
651-1 Cable, Esophageal Lead (for 500) 26.50 

Protects 500 from rough handling; 500 held firmly against 
cushioning pad, may be operated while in case. Holds extra 
chart roll, patient records, manual. Seals tightly against mois- 
ture, has locking clasp. HP Model 7100-0466, $50.00 

10G2-22MW 2-pin male, dc input to 500 $ 1.15 
10G3-11MFW 3-wire power cord adapter to 2-wire 

outlet .50 
10G-1MW 6-pin male, ac input to 500 1.60 

For 500 when used with DC defibrillator. Model 14019A, 
$35 

14021A Output Cable (for 500) 

Carrying case 

Connectors 

Defibrillator protective network 

Electrodes, creme, straps 
572-1717 Limb $2.15 
572-1714 Chest, 3 cm with handle 3.05 
572-1754 Infant chest, 1.9 cm with handle 3.05 
233-25 Handle for chest electrode 1.40 
651-80 Welsh, vacuum cup, 30 mm cup 4.50 
651-81 Welsh, vacuum cup, 1 5  mm cup (infant) 4.50 
500-602 Standard Limb 2 .oo 
651-1021 Redux Creme, 4 oz squeeze bottle 1.10 
651-1022 Redux Cream, 37 02 bottle 6.50” 
651-1008 Redux Paste, 5 0 2  tube .85” 
572-1760 Redux Paste, 1 pt jar 2.60* 
572-749 Limb strap, single perforation .65 
572-1718 Chest strap 2.40 

Master two-step 

2 3  x 44 cm) for standard master exercise ECG test. Folds for 
storage. Model 651-32, $61. 

Rolls easily on 5”  rubber wheels. Storage drawer and bin, 
built-in retractable power cord, blue and cream styling. Model 
500-1100, $150. Option 01 with 3 wire power cord, no extra 
charge. 

Mobile table 
For ECG; rolls easily to examining table or bedside. Storage 
drawer and shelf. Model 500-1200, $75. 

ECG Mounting Cards, Folders, Envelopes 
651-98 8l/2”x11” card, pregummed, 1 2  leads, 50 mm charts 
per C $10.“ 
Slotted types (records slide into windowed frames) : 
572-784 8I/2”xll” folder, 12 leads (3  std., 6 chest, 3 unipolar 

limb). per C $10.00“ 
572-781 81/2”xll” card, 1 2  leads (see 572-784) per C $9.50“ 
651-34 5”x8” card, 1 2  lead per C $9.05 * 
651-35 8%”x11” card, 1 2  lead per C $9.50“ 
572-782 1 2  lead, requires paste or tape for mounting 

Mobile cabinet 

p e r C  $6.25” 
per C $10.00” 65‘1-36 Folder, 1 2  leads plus 3 extra leads 

651-6 Small record inserter, 1”x 6?/8” .55 
651-84 Large record inserter, 21/s”x107/s” .55 
P-102 Record Envelope, manilla perC 3.35” 
572 -780 Record Envelope, transparent, 2 3/4 ”xS1/2 ” 

per C 10.00” 

Foam rubber, for ECG use on wooden table Model 77P2, 
$4. 

For 500 ECG, Model 500-601, $3. 

One-channel, 50 mm, 50 div., 150’ roll. Part. no. 651-40, for 
Models 500, 100, 51, and 572 adjusted for heavy paper. 2 

roll. 

(Writing arms) Std. for 500 Viso, 412-5, $7.15; fine line 
for 500 Viso, 412-7, $7.15. 

For use with 500 Viso; requires 14008A Adapter above. 

Protective Pad 

Protective weather cover 

Permapapert? recording paper 

rolls - $3.50/roll; 6 rolls - $3.35/roll; 1 2  rolls - $3.20/ / 

Styli 

Transducer, pulse wave 

Model 373, $71. 
Rugged, hardwood steps 9“ high, 9“ deep, 171/2” wide (23 x *Quan t i t y  discounts apply.  Consult HP Sales Off ice  

500.1200 500 IN 7100-0466 
5 
1 
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Eight-bed cardiovascular mon i to r i ng  and intensive care u n i t  a t  Ohio State 
Universi ty Hospital, Columbus, Ohio makes pa r t i cu la r  use of Model 780-5 con- 
t inuously recording, endless-loop tape un i t s  i n  the  study of cardiac arrhythmias.  
I n  conjunct ion w i t h  780A Viso-Monitor a t  each bedside, 780-5 i s  able t o  repro- 
duce cardiac ac t iv i t y  immediately preceding an arrhythma, and ECG recorder 
automat ical ly runs du r ing  the distress episode. A t  central  s ta t i on  ( lef t ) ,  nurse 
can select  and display on scope ECG of any pat ient ,  and i s  alerted t o  distress 
condi t ions by visual and audible alarms. 

Three-bed cardiac intensive care fac i l i t y  a t  Univer- 
s i t y  Hospi ta l ,  Boston Universi ty Medical  Center, Bos- 
t o n  has Viso.Monitor, scope, tape, delay recorder 
and temp./respirat ion mon i to rs  a t  two  beds; same 
capab i l i t i es  p lus  systolic,/diastolic pressure moni-  
t o r s  a t  t h i r d  bed. Central  Stat ion uses 780-11 pa t i en t  
selector,  500 Visa ECG for  recording. 

‘ l h e  intensive care patient monitoring systems shown above 
represent but two of an alm,ost unlimited number of systems 
which can be created using the 21  instruments described on 
the following pages, to provide the measurement, display, 
alarm and recording functions desired. All units in this 750 
Series are electrically and physically compatible with each 
other, Since each provides one or more specific monitoring 
functions, the desired system can be easily and economically 
achieved by selecting only the specific modules needed. Ad- 
vantages of such a “modular system” include a cost which 
reflects only those monitoring capabilities needed, without 
the penalty of absolescence or inflexibility when the system 
is changed or enlarged at a future time; complete freedom 
to change or enlarge the system to monitor more patients, 
more parameters, or a different combination of parameters 
at each bed, as needs and budget change; and ease of com- 
bining modular 780 units at the bedside and central station, 
because of standardized packaging in Hewlett-Packard “half- 
module” and “full module” cases. 

/ 

In design and performance, 780 instruments reflect 
thorough attention to reliability, patient safety and comfort, 
high readability and accuracy of data displayed, and ease of 
operation by hospital personnel. These characteristics are the 
result of features such as all solid-state circuits and operation 
of key components well below rated d u e s ;  constant current 
output of pacemaker, for example, isolated from ground and 
power lines, and patient leads protected for use with de- 
fibrillators; lightweight patient cables and transducers for 
greatest patient comfort consistent with reliable operation; 
easy-to-read Trisual indicators such as rectangular, horizontal 
meters with large numerals, and illuminated plaques of con- 
trasting colors to distinguish various monitored conditions; 
adjustable alarm delays permitting the medical staff to select 

the delay interval which will prevent transients or other 
events of no clinical significance from triggering an alarm. 

Three important advantages to the hospital, in addition to 
those just described relating to the 780 “modular” concept 
and the extremely wide choice of instruments, can help in- 
sure that the right patient monitoring system is installed in 
both existing and newly-constructed ICU’s, and that the sys- 
tem will provide roiztiriniizg clinical value. The  first is 
thorough, expert system planning skills offered by Hewlett- 
Packard/Sanborn Division through field sales ofices world- 
wide, iMedical electronics instrumentation engineers familiar 
with the needs, objectives and budgets of hospitals like yours 
will discuss both your present and anticipated needs with 
you and recommend the system which most economically and 
flexibly meets those needs, Comprehensive, written proposals 
with itemized costs are always supplied prior to contract 
agreement. The second benefit is the availability of system 
installation services and responsibility for performance, from 
the HP sales office in your locality, Close coordination with 
architects, hospital staff, and local building regulations char- 
acterize this optional HP service. Finally, local HP field office 
men will train your staff in operating and maintenance pro- 
cedures, and stand ready to provide instrument service, sup- 
plies or service contract arrangements to insure continued, 
reliable operation of your monitoring system. 

Monitoring instruments in this section of the catalop 
are described in this sequence: bedside measurement/display 
instruments; dc defibrillators and internal/external pace- 
maker; central station instruments for display, alarm and 
recording; and related products such as transducers, elec- 
trodes, cables, mobile carts, wall mounts, etc. They are alsc 
indexed by name, function and model number elsewhere 
in this catalog. 
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780-3 780-7 780-8 

Model 780-3 Viso-Scope is a general-purpose, 3”-screen 
oscilloscope with slow sweep speeds and simplified controls 
suitable for physiologic waveform display - at the bedside, 
central station or elsewhere. Waveform appears as a bright, 
long-persistence amber trace. Wi th  proper interconnection 
to the ECG monitor, sweep synchronization can provide R 
wave superposition at the beginning of each trace sweep on 
the scope. This simplifies the set-up procedure for synchro- 
nized defibrillation, by causing the ECG waveform and super- 
imposed discharge marker pulse to appear at the same 
position on the screen in each cardiac cycle. Sweep synchro- 
nization can also be useful for ECG waveform monitoring. 
Sweep speeds (25 and 50 mm/sec.) and power are push- 
button controls; intensity, focus, vertical position and sensi- 
tivity are screwdriver adjustments behind hinged panel. Size: 
655‘‘ high, 7%’’ wide, 11” deep (165 x 197 x 279 mm) 
(std. Hewlett-Packard “half-module”),  Weight:  10 lbs (4,5 
k g ) .  Power: 115/230 V, 50-60 Hz, 30 watts. Price: 780-3, 
$495. Option 03, 2’ power cord in place of 12’ cord, no 
extra chg. Option 04, with hardware for stacking 780 half- 
module above, no extra chg. 

Model 780-7 Patient Monitor for ECG, Pulse, Heart Rate 
and Pacing (Model 780-7A without Pacing) has an ECG 
amplifier for waveform display or recording on other units; 
0-300 bpm heart rate meter with adjustable high and low 
threshold limits, indicator which flashes with each beat, and 
high and low visual alarms which light if limits are exceeded; 
simultaneous pulse signal (from plethysmograph or 780-9) 
can be used in place of ECG for determining heart rate or 
for pulse waveform display on associated scope. 

Internal/external pacemaker provides pulses adjustable 
from 5 to 1 5  mA for internal stimulus, 50 to 150 mA for 
external stimulus, at rates from 50 to 150 pulses/min. Pace- 
maker output is isolated from ground, case and power line 
for safety, and is protected permitting pacemaker to remain 
connected if defibrillator is used. Controlled current reduces 
the effect of changes in patient impedance which could 
change the pacing amplitude; pulse duration is also fixed, for 
uniform cardiac stimulation. Separate, non-interchangeable 

cables for internal and external pacing, with associated pac- 
ing mode selection switch, prevent incorrect connection and 
operation. Pace indicator on front panel lights when pacing 
circuit is operating. Pacemaker also delivers a blanking pulse 
to ECG amplifier to identify instant of pacing and allow 
uninterrupted ECG display or recording. 

Front panel controls: power, 1 mV calibration, heart rate 
alarm/reset, ECG sensitivity, pacing, pace current, pace rate. 
Rear connectors: ECG cable, int. and ext. pacing, ac power, 

output. Size: 780 half-module (same as 780-3).  Weight: 10 
Ibs (4,5 kg) .  Power: 115/230 V, 50-60 Hz. Price: 780-7 
with 12’ power cord, ECG and pacing cables, Redux Creme, 
$820. Option 03, 2’ power cord, $820. Option 04, with hard- 
ware for stacking 780 half-module ahoh-e, $820. Option 05, 
with audible high/low heart rate alarm, $920. Model 780- 
?A (omits pacemaker), $695. Options 03 or 04 as above, 
$695. Option 05 as above, $795. (See related transducers, 
cables and accessories.). 

Model 780-8 Patient Monitor for Temperature and Respi- 
ration Rate displays patient’s temperature from 96” to 106°F 
(35” to 41” C on optional version) on 3y2“ panel meter; 
each detected breath by a panel lamp flash; and respiration 
rate from 0 to 80 breaths/min. on another 3y2” meter, Ad- 
justable high and low limits selectable on each meter; alarm 
delays adjustable up to 10 sec.; indicators illuminate if any 
limit setting is exceeded, Temperature, respiration rate and 
alarm signals available at rear connector for remote monitor- 
ing (see Model 5601A Numerical Readout, page 7 5 ) .  Tem- 
perature may be measured by Yellow Springs series 400 rec- 
tal, esophageal or skin thermistor probe; respira;ion by 
780-14 Respiration Transducer (see page 5 7 ) .  Size: 780 
half-module (same as 780-3) .  
Weight: 8 Ibs (3 ,6  kg) .  Power: 115/230 V, 50-60 Hz. 
Price: 780-8 with 12’ power cord, temp. meter calibrated in 

O F ,  6675. Following Options available at no extra charge: 
Option 01, temp. meter in C; Option 03, with 2’ power 
cord; Option 04, with hardware for stacking 780 half- 
module above. 

remote, defibrillator, pulse input, scope output and sync. / 
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Model 780B Viso-Monitor is a comprehensive bedside 
system for monitoring heart rate and peripheral pressure 
pulse, with visual alarms of distress conditions and signal 
outputs for central station display/recording; ECG record- 
ing either automatically at preset intervals, or at will; and 
internal or external pacemaker stimulus current delivered 
automatically after a selectable asystole interval, or at will. 

Heart rate is displayed by a panel meter with high and low 
limit indicators set at desired thresholds. If either limit is 
exceeded beyond a preset delay period, an alarm plaque 
lights and the ECG recorder (if set for automatic operation) 
begins recording. Loss of peripheral pulse signal, or arrest, 
also starts recorder. For 10-sec. sampling traces periodically, 
the recorder can be set to run automatically at 15, 30 or 60 
minute intervals; i t  may also be manually turned on for 10- 
sec. or continuous recording whenever needed, In the ECG 
chart margin, a marker stylus records peripheral pulse signal; 
this stylus also distinguishes regular interval recording by a 
straight line, distress recording by an oscillating line, 

Internal/external pacemaker provides pulses adjustable 
from 5 to 15 mA for internal stimulus, 50 to 150 mA for 
external stimulus, at rates from 50 to 150 pulses/min. In 
automatic mode, pacing begins after an asystole interval se- 
lectable from 1.5 to 11 sec. Pacemaker output is isolated 
from ground, case and power line for safety, and is pro- 
tected permitting pacemaker to remain connected if de- 
fibrillator is used. controlled current reduces the effect of 
changes in patient impedance which could change the pacing 
amplitude; pulse duration is also fixed, for un i forp  cardiac 
stimulation, Separate, non-interchangeable cables for internal 
and external pacing, with associated mode selection switch, 
prevent incorrect connection and operation. Pace indicator on 
front panel lights when pacing circuit is operating. As a 
check on pacing effectiveness, ECG may be recorded during 
pacing; pulse appears as a negatiw spike. 

Front panel indicators: heart rate meter (0-300 bpm) ; QRS, 
flashes white on each QRS complex; tachycardia, amber 
plaque lights; bradycardia, amber plaque lights; no pulse, 
red plaque lights after 5-sec. loss of signal; arrest, red 
plaque lights after 1.5 to 11 sec. absence of ECG signal; 
pacing, white plaque lights when pacemaker is operating: 
green plaque remains lighted unless ac power is lost; in- 
operate, red plaque lights if electrodes become loose or 
detached, excessive 60 cycle interference exists, paper is 
depleted, or stylus is off scale. 

Front panel controls: recorder (sample, auto., run, stop, 
stylus heat, 1 mV cal., sensitivity, position) ; Viso-Monitor 
functions (reset, standby,’ monitor, off) ; high and low 
heart rate limits; pacing (current, rate; on, off, auto.) ;  
arrest delay; QRS threshold. 

Output for remote display/alarm/recording: output jacks per- 
mit connection to hospital call system, monitor scope, 
780-800B Remote Monitor (see page 54) for visual dis- 
play and audible alarm, or other central station arrange- 
ments, Size: 12%” high, 163/” deep (323 x 425 x 450 
m m ) .  Weight: 46 Ibs (209 k g ) .  Power: 1 1 5  V, 60 Hz. 

VIS0 - MON ITOR 
Recorder; pacemaker; endless-loop tape recorder 
Models 780B, 780-5 

Models 780B, 780-5 

Prices: Sanborn 780B Viso-Monitor with cables, Perma- 
paper8, Redux: $2275. Option 04, with combining hard- 
ware for two 780 half-modules, $2275. Model 780BX 
for 115/230 V, 50 Hz, $2300, Option 04, with combining 
hardware for  two 780 half-modules above, $2300. 

Model 780-5 Signal Delay for continuous ECG recording 
on endless-loop, magnetic tape cartridge permits automatic 
recording of the patient’s ECG imnzedidtelj piaedi izg as well 
as following any arrhythmia or cardiac distress episode. Used 
with the 780B Viso-Monitor, the 780-5 continuously records 
the ECG on an endless loop of magnetic tape of 40 seconds 
capacity-with new information being added and oldest be- 
ing erased from the 40 seconds of signal on the tape at any 
time. Should a distress condition occur with the 780-5 in 
the Delay mode, the 780B ECG recorder is automatically 
turned on and records the data of the precediizg 40 seconds 
from the magnetic tape, and an additional 10 seconds during 
the distress. Thus a permanent record is obtained for later 
analysis of events leading up to and during an arrhythmia 
or other cardiac abnormality. In the Instantaneous mode, 
the data storage and playback functions of the 780-5 are by- 
passed and all associated 780 units operate in real time. Size: 
780 half-module (same as 780-3) .  
Weight: 10 lbs (4,5 k g ) .  Power: from 780B. Price: 780-5 

with 40-sec. tape cartridge, $450. Option 04, with hard- 
ware for mounting another 780 half-module above, no 
added charge. 15-minute tape cartridge: see page 57. 
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780-18 

780-1 9 
- 

780-4 

Model 780-9 Patient Monitor displays systolic and dias- 
tolic (or mean) blood pressures on separate 3$5” panel 
meters calibrated 0-300 mm Hg, gives visual warning by 
illuminated plaque if high or low preset limits of either 
pressure are exceeded, and supplies, signals and alarms at 
rear connector for remote monitoring. Upper and lower lim- 
its independently adjustable; alarm delays internally adjust- 
able from 1 to 10 seconds. Signal input to this Monitor is 
obtained from a Sanborn 267-Series Physiologic Pressure 
Transducer (see pages 57, 60-61),  or from a Statham 
P23D gage. For remote monitoring/alarm functions, the 
following signals are available at connectors on the rear of 
the 780-9: systolic pressure with high and low alarms; dias- 
tolic pressure with high and low alarms (diastolic pressure 
channel can be switched to read mean pressure with a switch 
on the front panel);  arterial pressure waveform (may be 
used as input to 780-7, -7A to derive heart rate). Size: 780 
half-module (see 780-5 opposite). Weight: 8 Ibs (3,6 kg) .  
Power: 115/230 V, 50-60 Hz. Prices: Sanborn 780-9, $875. 
Option 03, with 2’ power cord instead of std. 12’ cord, $875. 
Option 04, with combining hardware for mounting another 
780 half-module above, $875. 

Model 780-18 ECG-EEG Preamplifier is a small, light- 
weight modular 780 instrument designed to be used with the 
780-3 oscilloscope, to answer the requirements for an easily- 
operated basic monitoring system in the operating room and 
intensive care area. The simplicity and economy of the two 
units make possible a practical, portable monitor that can 
be quickly set-up at the patient’s bedside in either private or 
ward rooms. In the operating room, the system allows the 
anesthesiologist to monitor the ECG waveform on the scope 
face, for heart rate information and detection of arrhythmias. 
The  monitoring of EEG is frequently used as an indication of 
the depth of anesthsia. The  system may also be used in 
emergency situations during application of pacing stimuhs 

by a 780-series pacemaker, or countershock from a 780-2T 
defibrillator : defibrillation and pacemaking pulses will not 
affect the ECG monitor. Operating convenience is afforded 
by front-panel pushbutton selection of ECG or EEG input; 
front panel connectors for patient cables; and controls for 
power, reset, EEG, Standby, ECG leads 1, 2 and 3, calibra- 
tion and sensitivity. Size: 3” high, 774” wide, 11” deep 
(76.2 x 197 x 279 m m ) .  Weight:  1 5  Ibs (6 ,8  kg) .  Power: 
115/230 V, 50-60 Hz. Price on request. 

Model 780-19 Patient Monitor displays temperature and 
venous pressure on separate 31/2” panel meters calibrated 
96°F  to 106OF (35°C to 41°C optional) and 0 to 30 mm 
Hg,  respectively; gives visual warning by illuminated plaque 
if high or low preset limits of either phenomena are ex- 
ceeded; and supplies temperature and pressure output signals 
at rear for remote monitoring, alarm or recording, Useful in 
both medical and surgical intensive care patient monitoring, 
the 780-19 allows continuous observation of the patient with 
abnormally high or low body temperature, and through mon- 
itoring central venous pressure, can aid in the management 
of heart failure from primary and secondary causes, hem- 
orrhage with circulatory collapse, and in judging blood vol- 
ume replenishment in shock therapy. Temperature may be 
measured by Yellow Springs Series 400 rectal, esophageal 
or skin thermistor probe; blood pressure by 268A transducer 
using catheter (see pages 57, 60-61).  Output connections 
at rear for remote monitoring of temperature, pressure wave- 
form, mean pressure, high and low alarms. Size, weight and 
power: same as 780-9. Prices: Sanborn 780-19, $875. Fol- 
lowing options, no extra charge: Option 01, meter with 35OC 
to 41°C. Option 03, 2’ power cord instead of std. 12’ cord. 
Option 04, with combining hardware for mounting another 
half-module above. 

Model 780-4 Pacemaker provides electrical stimulus in- 
ternally or externally to cardiac patients with atrio-ventricular 
dissociation, ventricular slowing resulting in reduced cardiac 
output, or cardiac arrest. Only four controls are used: power- 
on, pacing-on, pacing current and rate adjustments. Pulses 
adjustable from 5 to 15 mA for int. stimulus, 50 to 150 mA 
for ext. stimulus, at rates from 50 - 150 pulses/min. Output 
isolated from ground, case and power line for safety, and is 
protected permitting pacemaker to remain connected if de- 
fibrillator is used. Controlled current reduces effect of changes 
in patient impedance which could change pacing amplitude. 
Pulse duration fixed for uniform stimulation. Separate non- 
interchangeable cables for int. and ext. pacing, with mode 
selection switch, prevent incorrect connection and operation. 
Front panel indicator lights when pacing circuit is operating. 
Blanking pulse for ECG circuit identifies instant of pacing 
and allows uninterrupted ECG display or recording. 

Size: 780 half-module (see 780-5).  Weight:  5 Ibs (2,3 
k g ) .  Power: 115/230 V, 50 to 60 Hz. Prices: Sanborn 780-4 
with cables afid external electrodes, $275. Option 03, with 2’ 
power cord, or Option 04, with combining hardware for 
mounting another 780 half-module above, no added charge. 
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Model 780-2A Defibrillator is a dc, capacitor-discharge 
countershock device for termination of ventricular fibrilla- 
tion-and, with optional Synchronizer circuit, for conversion 
of arrhythmias such as atrail fibrillation. Electrical discharge, 
in accordance with accepted practice, is a five msec. pulse, 
with an energy level of 0 to 400 watt-seconds selected by 
the operator. I t  is applied to the patient’s chest wall in ex- 
ternal defibrillation, and to  the exposed heart in internal 
defibrillation. Significant features of this compact, all-solid- 
state instrument include: availability as a dc Defibrillator 
only (780-2A) ; as a Defibrillator-Synchronizer (780-2A 
Option 01) which permits controlled placement of the 
countershock within the cardiac cycle and avoidance of the 
vulnerable T-wave period; as a Defibrillator with ECG cir- 
cuitrj (780-2A Option 0 2 ) ,  protected against the high po- 
tentials of the countershock pulse and with automatic base- 
line stabilization, for monitoring the patient’s ECG 
waveform on an associated scope or recording it on an elec- 
trocardiograph; as a complete synchronized defibrillation sys- 
tem with ECG monitoring capabilities (780-2A Options 01 
& 02) using an associated scope and/or ECG recorder. 

Operating principles : an adjustable dc voltage is supplied 
to a capacitor which is discharged when the operator de- 
presses a pushbutton on the handle of one of the patient 
electrodes. The  switch actuates a relay which disconnects 
the capacitor from its charging circuit and connects it to the 
electrodes. Correct pulse shape during its passage through 
the patient’s body is maintained by the Defibrillator’s cir- 
cuitry. Placement of the pulse at the desired point in the 
cardiac cycle is accomplished by the Synchronizer circuit in 
conjunction with an ECG R-wave signal supplied by the 
ECG circuit (Option 02) or by a 780B, 780-7, 780-7A or 
780-18. Synchronizer controls allow the operator to preset 
the instant of energy discharge to any desired point in the 
ECG cycle, up to one second after the R-wave. The marker 
pulse of the Synchronizer also appears on the associated mon- 
itoring scope or electrocardiograph chart, enabling the de- 
fibrillator operator to see exactly where the defibrillator out- 
put will occur in the ECG cycle. Visual assurance of Syn- 
chronizer operation and sufficient ECG signal input for 
proper timing is .supplied by an “operative” light which 
flashes in response to each R wave. T h e  ECG circuitry (Op-  
tion 02)  supplies amplified ECG signals for monitoring 
and/or recording. 

Rapid, straightforward operation of the Defibrillator in 
intensive care areas and emergency rooms is aided by the 
single, compact physical package of the entire defibrillator 
system; the clearly-marked energy-level control and asso- 
ciated large-scale meter; countershock discharge switch on 
the electrode handle, where it is under the control of the 
system operator only, at all times; and the positive nature of 
operating controls and indicators for placing the counter- 
shock at precisely the desired point in the ECG cycle. If a 
continuously operative (unsynchronized) mode is desired, 
this can be accomplished by closing the hinged door on the 
front of the 780-2A. The  Defibrillator (alone or with Syn- 

chronizer and ECG optional plug-ins), together with an 
associated 780-3 or 780-6 monitoring scope, 500 Vis0 ECG, 
780-4 Pacemaker, and all necessary cables, electrodes, drugs 
and other items used in cardiac resuscitation can be ready 
for immediate use when mounted in the 780-1 Mobile Cart. 
The instrument may also be used with other 780-series 
modules as part of a bedside system. Internal or external 
defibrillation electrode cable plugs into a front panel re- 
ceptacle; connections for ECG input, monitoring and syn- 
chronization output signals, and ac input power, are located 
on the rear panel. 

Size: Hewlett-Packard full module, 7” high, 16” wide, 16” 
front to back (178 x 406 x 406 m m )  . 

Weight: net 70 lbs (31.5 k g ) .  Shipping 8 2  lbs (37 k g ) .  

Power: 11 5 V,  15  amp surge during charge (0.3 amp to hold 
full charge), 50 to 60 Hz. For operation on 11 5/230 V, 
switch-selected, 50 to 60 Hz, Model 780-2AX is available 
(see Price section below). 

Prices: 
Sanborn 780-2A Defibrillator only, for 115 V, 50 

780-2A, Option 01, with Synchronizer plug-in 
78012A, Option 02, with ECG Amplifier plug-in, 

780-2A, Options 01 and 02, with both Synchron- 

Option 04, combining hardware for mounting two 

Sanborn 780-2AX Defibrillator only, for 115/230 

780-2AX, Option 01, with Synchronizer plug-in 
780-2AX, Option 02, with ECG Amplifier plug-in, 

780-2AX, Options 01 and 02 
Option 04, with combining hardware for mount- 

to 60 Hz, with external electrodes $ 950 
$1100 

$1150 

$1300 

ECG patient cable and access 

izer and ECG Amplifier plug-ins 

780 half-modules on a 780-2A 

V, 50 to 60 Hz, with external electrodes 

n/c 

$ 975 
$1 125 

$1175 
$1325 

ECG patient cable and access 

ing two 780 half-modules on a 780-2AX n/c 

See 780-Series Accessories section, for cables, electrodes, 
supplies.) 
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Model 780-1 1 Patient Selector combines visual and 
audible patient distress alarms with patient signal switching 
to associated display or recording instruments. Used at the 
central station, the 780-11 is connected to patient signal 
cables from the monitors at up  to eight beds, and has output 
connections to whatever display/recording instruments are 
used at the central station. Prominent red numerals 1 through 
8 on the front panel are illuminated at a low intensity to 
show that monitoring equipment is “on” and functioning at 
up to eight beds; if a monitored condition exceeds the upper 
or lower limits preset by the physician at the bedside, a chime 
alarm in the 780-11 sounds at five-second intervals and the 
numeral for the patient in distress flashes at full brightness at 
one-second intervals. 

Display switching to associated instruments such as a 
780-6 Viso-Scope, 5601A Numerical Display, 500 Vis0 
ECG or multi-channel strip chart recorder is initiated by the 
central station attendant by depressing the pushbutton on 
the 780-1 1 below the appropriate patient numeral, which 
transfers any two of the monitored signals to the display or 
recording device. A white indicator light above the push- 
button lights to show that this monitoring function is oc- 
curring. Compact modular cabinet has tilt stand to provide 
best viewing angle; a 780-11 may be stacked with a 780-6A 
Viso-Scope, or several 780-1 1’s stacked together to accommo- 
date more than eight patients (also see 780-13A below for 
expanded and/or automatic readout capabilities). 
Size: 37/” high, 163/4” wide, 13Y4’’ deep ( 9 8  x 425 x 343 

Weight: 13 lbs (5 ,9  k g ) .  
Power: 115/230 V, switch selected, 50-60 Hz, 30 watts. 
Price: Sanborn 780-11, $700. 

Model 780-1 3A Automatic/Auxiliary Signal Switch (not 
illustrated) expands the capabilities of a 780-11 to more 
signals per patient and an automatic mode of signal transfer 
to  associated display/recording instruments. The unit, which 
is mounted inside the junction box at the central station, 
offers the following choice of operating modes: ( 1 )  trans- 
fer of up  to 12 signals per patient to associated display/ 
recording instruments at the central station, by depressing 
pushbutton on 780-11 corresponding to desired patient (780- 
1314, Option 02)  ; ( 2 )  automatically detect an alarm condi- 
tion at any one of eight beds, turn on a Model 500 Vis0 
ECG and record for a period (selectable by operator) from 

m m )  , 

5 to 25 seconds, activate the 500’s marginal marker stylus 
to produce a coded patient identification, and turn off the 
500 Vis0 at the end of the recording cycle and reset the 
circuits (780-13A, Option 0 1 ) ;  or ( 3 )  automatically trans- 
fer, on alarm, ull monitored signals for that patient to the 
readout devices in use at the central station (780-13A, 
Options 01 and 02) .  This automatic response to alarm con- 
ditions described in ( 2 )  and ( 3 )  above occurs after the 
central station attendant depresses the “AUTO” pushbutton 
on the 780-11. A valuable additional operating feature is 
also present in either of these modes: if a second patient 
alarm occurs while the display/recording instruments are 
operating in response to a prior alarm, the second alarm will 
be sensed and stored until the first 5-25 second period ends, 
whereupon immediate signal transfer will be made to the 
second alarm condition. 
Prices: Sanborn 780-13A, Option 02: (transfer of up  to 1 2  

signals per patient when 180-11 pushbutton is depressed), 
$625 with relay assemblies for 8 patients; if capacity for 
less than 8 patients is desired, price is lowered by $50 for 
each patient less than 8, to $325 for unit with two- 
patient capacity. 

780-13A, Option 01: (automatic ECG recording on modi- 
fied 500 Viso, Option OS), $575. 

780-13A, Options 01 and 02: $625 for one relay, one-patient 
capacity, to $975 for eight relays, eight-patient capacity; 
for each patient less than eight, subtract $50 from $975 
price. 
Model 780-12 Patient Alarm Display is a large wall- 

mounted unit for alerting personnel in the central station 
area to patient distress conditions, Alarms sensed by bedside 
monitors, for any of four conditions at up  to eight beds, 
actuate a repeating chime in the 780-12 and illuminate a 
patient-identifying numeral for the alarm condition, Condi- 
tion names (such as temp., heart rate, resp. rate, blood pres- 
sure) and patient numerals are in red, I?/*’’ high, easily 
readable from a distance. Unit mounts on swivel bracket for 
best viewing angle. 
Size: 93/” high, 231/2” wide, 51/8” deep (238 x 597 x 130 

Weight: 1 2  Ibs (5,4 k g ) .  
Power: 115/230 V, 50-60 Hz, 50 watts. 
Price: Sanborn 780-12 with mtg. hardware, $1000. 

mm) . 
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769A 769A in 760-51 platform 

790-21 780-8008 

Models 769A and 768s Viso-Scopes 
iModels 769A and 768s Viso-Scopes are 17”-screen oscil- 

loscopes capable of displaying up to eight waveforms simul- 
taneously, for accurate interpretation from a distance in the 
ICU central station, OR, catheterization laboratory or sim- 
ilar location. They are designed to be used with Sanborn 
signal conditioners, patient monitors, oscillographic and mag- 
netic tape recording systems, and obtain their inputs from 
the signal conditioners in these systems. Gating amplifiers 
(individual channel plug-ins in the 769~4,  %channel unit in 
the 7683) are located below the CRT and function as an 
electronic switch. Controls permit positioning any waveform 
anywhere on the screen. Input sensitivity is 5 in/V (769A) 
and 2 in/V ( 7 6 8 s ) .  Scope front panel is pivoted within 
cabinet to permit tilting forward up to 20’; grid overlay 
facilitates amplitude measurements. Polaroid filter minimizes 
interference from room lights. 

Specifications of 769A include automatic sweep periods of 
3, 6, 1 2  sec, manual 3, 6, 1 2 ,  30 sec; sweep linearity 
better than 3 % ;  freq. resp. dc to 3 dB down at 1 kHz; input 
balanced or single-ended, impedance 400 k; common mode 
rejection 40 dB min., max. voltage 2 1 5  V. Size: 28” high, 
19” wide, 21” deep (711 x 483 x 533 m m ) .  Weight:  1 1 5  
Ibs ( 5 2  kg) ,  with 8 gating amplifiers. Power: 115  V, 50-60 
Hz, 275 watts. Option 09, 230 V. Price: Sanborn 769A with 
cabinet, without gating amplifiers, $1365. Model 779-100 
Gating Amplifier, one per channel reqd., $150 each. Option 
09 for 230 V, no added charge. Model 769 AR, same as 
above but for rack mounting, no added charge. Price: Sanborn 
768s with cabinet and 8-channel gating amplifier, $1990. 
Option 09 for 230 V, no extra charge. Model 768SR for 
rack mounting, no extra charge. 

/ 

Model 780-21 remote alarm indicator 
Model 780-21 Remote Alarm Indicator is a simple, com- 

pact and economical unit consisting of a red light and re- 

peating tone, to alert personnel in corridors, doctor’s or 
nurse’s lounge, etc. of distress conditions. Each 780-21 can 
serve up to four monitoring instruments at each of eight 
beds. It includes a call relay which may be used to turn on 
a call bell or indicator at an alternate location. 

Compatible with bedside 780-7/7A, -8, -9, -19, 780B 
units, central station 780-11, -12. Connection can be with 
conduit, surface raceway or exposed cabling. Size: two-gauge 
aluminum NEMA box, 5” high, 5” wide, 3” deep (127 x 
127 x 76 m m ) .  Weight:  5 Ibs (2,25 kg) .  Power: 115/230 
V, 50-60 Hz. Price: Sanborn 780-21, $125.  

Model 780-800B remote monitor 

Model 780-800B Remote iMonitor is the companion unit 
to the 780B Viso-Monitor, duplicating all visual displays of 
the Viso-Monitor and also providing audible signals for 
each QRS complex (beep) and any of the four distress con- 
ditions (steady tone),  Individual volume controls permit ad- 
justment of each sound. A single switch on the Viso-Monitor 
resets both bedside and remote visual indicators. Remote 
Monitor also has output jack for oscilloscope monitoring. 

Indicators on the Remote Monitor include: Heart Rate 
meter (0-300 bpm) , Tachycardia (amber) ,  Bradycardia 
(amber),  N o  Pulse ( r e d ) ,  Arrest ( red) ,  QRS Complex 
(white, flashing), Pacing (white),  Inoperate ( red) ,  and 
Power (white).  

Size: std. H P  half-module 77/”  wide, 6y2“ high, 11” 
deep (197 x 165 x 279 m m ) ;  easily stacked or combined 
side-by-side with other 780 units, Weight:  8 Ibs (3 ,6  k g ) .  
Power: from 780B. Price: Sanborn 780-800B with 50‘ 
cable, $265. 

For Numerical Readout and Graphic Recording Facilities 
at the central station, refer to Model 5601A and Model 500 
Viso-Cardiette. 
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Patient signals can be accurately observed on the Model 780-6A 
general purpose >-inch oscilloscope. ECG, pressure, pulse and other 
patient signals can be observed as sharply defined displays, due to 
the slow sweep speeds and long-persistence scope image. With the 
optional electronic switch, four patient signals can be monitored 
simultaneously. The  electronic switch accepts eight rear panel inputs, 
any four of which may be selected for viewing on the oscilloscope 
screen. The  modular design of the Model 780-6A allows it to be 
used with other 780-series modules either at the nurses station or 
at  the patients bedside, or it may be easily converted for rack mount- 
ing in compatible recording systems. 

I 

w 

Specificat ions 
Time base 

Range: 25, 50, 100 mm/sec and XIO multiplier (X.1 multiplier 

Triggering: free run, normal, or triggered. 
available on special order) : accuracy * 5 % .  

Free run: circuit free runs independently of trigger circuit. 
Normal: circuit free runs, can be reset any time after 5 cm of 

sweep by applying ext trigger of 5 V or greater (jack on rear 
panel);  input RC, lOOK ohms shunted by 40 pF; max input 
15  V.  

Triggered: initiated by ext trigger signal, or front panel push- 
button; sweep can be reset in same manner as Normal. 

Vertical amplifier 
Bandwidth: dc to 2 0 0  kHz. (Option 01, see below.) 
Deflection factor (sensitivity): variable from 100 mV/cm to 

Balanced input: connections for +, -, and ground proiided. 
Common-mode rejection: greater than 40 dB for common-mode 

Input RC: 1 megohm shunted by approximately 200 pF from 

Connectors: 

1 V/cm. 

signals of less than e3 volts at 1 kHz. 

each side of balanced input to ground. 

Y vertical input: 3-conductor phone jack on rear panel. 
Y vertical output: 3-conductor phone jack on rear panel in 

parallel with Y vertical input. 
Option 01 (four-channel electronic switch): 

Chopping rate: 40 kHz (10 kHz per channel when all four 

Connectors: Amp Series hl 14-pin connector on rear panel: 
channels are turned o n ) .  

2-conductor phone jacks in parallel with inputs 1 through 4 
on rear panel. 

Each channel: 
Bandwidth: 1 kHz. 
Deflection factor (sensitivity): set simultaneously for all 

channels with one control; variable from about 200 mV/ 
cm to about 2 V/cm. 

Input RC: single-ended, 2 0 K  ohms shunted by 80 pF. 
Controls: position control, and 9-position switch allowing each 

channel to be connected to any one of eight rear panel inputs 
or Off. 

Horizontal amplifier 
Bandwidth: dc to 70 kHz. 
Deflection factor (sensitivity): 0.5 V/cm, variable * 2 5 7 i  
Balanced input: connections for f ,  -, and ground pro.iided. 
Common-mode rejection: greater than 40 dB for common-mode 

Input RC: 1 megohm shunted by approximately 160 pF from each 

Connector: 3-conductor phone jack on rear panel. 
X-Y operation: selectable with front panel pushbutton. 

Cathode ray tube: mono-accelerator, 2500-volt accelerating po- 
tential; supplied with P7 long persistence phosphor and amber 
filter; etched safety glass faceplate reduces glare. 

Graticule: 10 x 10 cm parallax-free internal graticule marked in 
cm squares; major horizontal and Tertical axes have 2 mm sub- 
divisions. 

Intensity modulation: $ 5  V pulse will blank trace of normal 
intensity; z-axis input, dc coupled; input is to 2-conductor phone 
jack on rear panel; input impedance, 2 5 K  ohms; maximum 
z-axis input, 10 V. 

Location of controls: 
Front panel: power, sweep speed, X - Y  and multiplier. 
Behind door: focus, intensity, X and Y sensitivity and position, 

Dimensions: 16%" wide, 79'2'' high, 183/8" deep overall (426 x 
191 x 466 m m ) ;  hardware furnished for quick con1,ersion to 
7" x 19" (178 x 483 mm) rack mount. 

Color: blue cabinet with white enamel front panel standard: gray 
panel available, see options. 

Weight: net 27 lbs (12 ,2  k g ) ;  shipping 33 Ibs ( 1 4 3  k g ) .  
Power: 115 or 230 volts * l o % ,  50 to 1000 Hz. approx. 95 W': 

Aux. power output ( 5  amp max.) is provided for connecting 
other equipment. 

signals of less than * 3  volts at 1 kHz. 

side of balanced input to ground. 

General 

sweep mode, and manual trigger. 

Price: HP hlodel 780-6A, $700. 
Options: (specify by option number) 

01:  4-channel electronic switch for vertical amplifier, add $175.  
04: combining hardware for mounting two half-modules on top 

of a Model 780-6A, no additional charge. 
0 5 :  gray front panel instead of standard white, add $25.  

780-6A, O p t m  01 780-6A 
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The Hewlett-Packard Monitor Scopes are special purpose, two- 
sweep-speed, long persistence oscilloscopes specially suited for all 
types of physiological monitoring. Individual ECG, pressure, pulse, 
and other patient signals can be observed as a sharply defined dis- 
play, due to the slow sweep speeds and clear, long-persistence scope 
image. 

These economically priced oscilloscopes are designed for ease of 
operation, even by non-technical personnel. Standard ECG sweep 
speeds are selected by a toggle switch on the front panel. All oper- 
ating controls are simplified as well as being kept to a logical mini- 
mum. 

The  Model H41-120B has several additional features over the 
Model H40-120B. An additional preamplifier has been added which 
enables the instrument to accept signals as low as 500 microvolts and 
still provide at least 1 cm of deflection on the screen. The Model 
H41-120B has two input capabilities which are selected with a rear 
panel switch; one is a 2-conductor phone jack on the rear panel for 
a single-ended input of 0.1 to 1 volt ( in  this mode the Model 
H41-120B is, in effect, converted to the Model H40-120B configura- 
t ion),  and the other is a standard 5-pin MS type connector on the 
front panel for a differential input of 0.5 to 5 millivolts. Sensitivity 
of both inputs is Lariable with a front panel control. For patient 
protection, a 5 milliamp fuse is added in series with the signal 
ground. Also, on the Model H41-120B a 1 millivolt calibrator has 
been included. Upon actuation of a momentary pushbutton switch 
on the front panel, a 1 millivolt signal is applied to the preamplifier, 
thus producing a step of known amplitude cn the waveform being 
displayed. 

Note: 
Another oscilloscope that has proven very useful in medical appli- 

cations (especially research) is the hlodel 132A Dual Beam Oscillo- 
scope (page 424).  The  exceptional versatility of this scope is a 
result of the two completely independent beams in the CRT. This 
capability gives the physiologist or biochemist an unusually wide 
range of display possibilities for simultaneous measurements of two 
different physiological parameters - quantitatively and qualitatiTely 
in time. 

Spec if ications, H40- 120 B 
Vertical amplifier: 

Bandwidth: dc to 50 kHz. 
Deflection factor (sensitivity): L ariable from 100 mV/cm to  

Input: single ended on rear panel. 
Input R C  1 megohm shunted by approximately 150 pF. 
Input connector: two-conductor phone jacks ( 2 )  in parallel on 

1 VJcm. 

rear panel. 
Time base: 

Range: 25 and 50 m d s e c .  
Triggering: sweep circuit free-runs. 

General: 
Cathode ray tube: mono-accelerator, 2500-volt accelerating po- 

tential, supplied with P7 long-persistence phosphor, and amber 
filter. 

Graticule: 10 cm by 10 cm parallax-free internal graticule marked 
in cm squares; major horizontal and vertical axis have 2mm 
subdivisions. 

Dimensions: 16%” wide, 795“ high, and 18%” deep overall 
(426 x 191 x 466 m m ) .  

Color: blue cabinet with white enamel front panel standard; gray 
panel available on special order. 

Weight: net, 26 Ibs ( 1  1,7 kg) ; shipping, 32 Ibs ( 1  4,4 k g ) .  
Power: 115 or 230 volts * l o % ,  50 to 1000 Hz, approximately 

Price: H P  Model H40-120B, $525. 
Accessories available: 

95 w. 

Rack mount kit (order H P  part number 5060-0433), $10. 
Handle kit, contains two handles and mounting hardware for 
installation on instrument side castings (order H P  part number 
K04-120B), $10. Testmobile, designed so that instrument height 
above floor may be varied from 5 to 6 feet (approximately); 
instrument may be tilted to any position (order H P  Model 
K41-1118A), 5135. 

Options: (specify by option number) 
04: combining hardware for mounting two half modules on 

top of the instrument, no additional charge. 
20: tone generator; provides a 150 msec burst of approximately 

700 Hz tone, triggered by the R wave; front panel controls 
for volume and R wave trigger sensitivity, add 965. 

2 1 :  rear panel signal outputs; two BNC connectors on rear 
panel provide approximately 1 V/cm and 1 mV/cm analog 
outputs, add $50. 

Specifications, H41-120B 
Same as Model H40-120B except: 

Vertical amplifier: 
Bandwidth: 0.15 Hz to 1 kHz (time constant 0.5 sec).  
Deflection factor (sensitivity): variable from 500 pV/cm to 

Balanced input: connections for +, -, and ground are provided. 
Common mode rejection: greater than 60 dB for common mode 

Input RC: 1 megohm shunted by approximately 150 pF from 

Input connector: amphenol >-pin jack on front panel. 
Calibrator: 1 mV signal initiated by front panel pushbutton. 
Patient protection: 5 mA front panel fuse. 
Price: H P  Model H41-120B, $625. 

5 mV/cm. 

signals of less than f 1 volt. 

each side of balanced input to ground. 

H40-120 B K41-1118A H4 1-1 20 B 
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Transducers and electrodes 
267AC Fluid pressure, -100 to +400 mm Hg.  Luer 

taper-twist connectors, 8' cable, Monel con- 
struction. Use with 780-9 $225  

780-14 Respiration rate, detects chest expansions/ 
contractions as small as 0.021". Use with 
780-8, 760-2200 resp. rate preamp $100 

37P-series Thermistor tempevature probe. 

37P-401 Internal esophageal-rectal S 15  
37P-402 Rectal, infant 27 
37P-403 Tubular 23 
37P-405 Surface (air)  30 
37P-406 Tubular 30 
37P-408 Surface (banjo-type) 29 
37P-409 Surface 23 
780-16 Earpiece photo-plethjsjmograph. Dectects blood 

pressure pulsations in pinna of the ear photo- 

780-2C7 Defibrillating electrodes, external. Paddle- 
type; pushbutton switch on handle. Use with 
780-2A. $ 7 5 p r .  

780-2C8 Defibrillating electrodes, internal. Use with 
780-2A. $150 pr. 

780-2C17 Defibrillating electrodes, infant, internal. Use 
with 780-2A. $150 pr. 

1401 3A Defibrillating, Anterior-Posterior electrodes, 
external. Use with 780-2A. $160 pr.  

Use with 780-8 

electrically. Use with 780-7, -7A, 780B. $100 

Cables 
780-1200-c8 Pacing, internal. Use with 780B, 780-4, 

780-7. 11 
780-1200-C9 Pacing, external. Use with 780B, 780-4, 

780-7. $ 11 
780-1200-C10 ECG with fluid-column electrodes. 8' long. 

Use with 780B, 780-7/7A, ECGs. $ 13 

Wall Mount Bracket 
780-15 Rugged, easily-mounted unit holds up to two 

780 half-modules. Swivel bracket facilitates 
cable connections, best viewing angle. Wall-  
mounting frees area around bedside, protects 
monitors from possible damage. With all 
mounting hardware, $ 35 

780-1 Useful as emergency resuscitation cart for 
quickly getting all instruments, drugs and sup- 
plies to the patient, or as a bedside cart for 
a monitoring system. Sloping compartment at 
right holds 780-2A Defibrillator or 780-6, two 
half-modules or one full-module on top. Model 
500 Vis0 ECG or a full-module mounts on top 
left. Four drawers and storage compartments 
hold all cables, electrodes, drugs, etc. Handles 
at both ends; 6" ball-bearing wheels, conduc- 
tive tires; four electrical outlets at rear, 15' 
three-wire power cord, Size: 42" high, 431/2" 
wide, 207'8" deep (1067 x 1105 x 524 mm) .  
Weight 138 lbs. (62 k g ) .  Price $345. Fol- 
lowing options at no extra charge: Option 0 4 :  
combining hardware for mtg. two half-mods. 
on sloping section. Option 05: combining 
hardware for mtg. full mod. on sloping section 
or left top, Option 07: combining hardware 
for mtg. 500 Vis0 on left top. 
Same features as 780-1 cart, in smaller size- 
371/2" high, 26%" wide, 2078'' deep (953 x 
670 x 524 m m ) ,  Wide flexibility in mounting 
half- or full 780 modules. Weight 81 lbs. (36 
k g ) .  Prices: 780-10 with one drawer, $195; 
780-10A, no drawer, $165; 780-10B, two 
drawers, $245. Fol. options supply combining/ 
mtg. hardware for modules: Option 03: two 
half-modules in space below top, add $42. 
Option 04:  two half-modules on top of cart, 
no charge. Option 05: 780B or 780-2A on 
top of cart, no charge. Option 06: full-module 
in space below top, add $30. Option 07: 500 
Vis0 on top of cart, no charge. 

780-10 

Magnetic Tape Cartridges, endless-loop, for 780-5 
48A-27A 40-sec. capacity S 5.50 

Permapapem Recording Chart Paper 
651-190 40 div., 35 mm wide, for 780B $ 2.75 
651-40 For 500 Vis0 $ 3.50 
Electrical Fittings and Supplies for 780 Systems: a wide choice 

of junction boxes, terminal boxes, interconnection yokes, cables 
in std. and special lengths with specific terminations required, and 
mounting hardware for 780-series patient monitoring systems is 
available. Consult your local Hewlett-Packard field sales office 
for details. 

48A-27G 15-minute capacity $ 10.00 
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A iiide choice of O R  patient monitoring .iy.items is ni,nilnble 
from Hewlett-Packard, primarily because no two hospitals have 
exactly the same patient phenomena to monitor, identical physi- 
cal locations and system operating conditions, or the same 
budgetary considerations. Provision is made for incorporating 
instrumentation advances into existing systems, thus avoiding 
system obsolescence. 

The two installations shown below on this and the facing 
page are but two of many complete monitoring systems de- 
signed, built and installed by Hewlett-Packard/Sanborn Divi- 
sion during the last 20 years. Each system incorporates the most 
appropriate signal acquisition, signal conditioning, visual dis- 
play and recording elements for the type of surgery and medical 
staff who use the system - with the functional elements drawn 
from the individual instruments shown between the installation 
photos and from others described in the Research Instruments 
section of this catalog. 

Frinctional elements atailable f o r  O R  monitoring .c)stenii 
from Hewlett-Packard include: trdn.rdr/reis for translating the 
patient's physiological variables into representative electrical 
signals; signdl conditionevs for amplifying, refining or selecting 
certain portions of these signals; zmi.ri/a/ displn] dezmices for 

continuous monitoring of patient signals during the operation, 
and possible subsequent study or teaching of operative events 
tlirough the medium of magnetic tape playback; grdphic  ye- 
cording instrnments for obtaining data in permanent chart 
form, either during surgery or later by data playback; and 
magnetic tape in itrnnzentdtion for acquiring all data, pre- 
serving its original electrical form, and reproducing it at its 
original rate or at a faster or slower rate as the investigator 
desires. (Patient data on magnetic tape also facilitates its an- 
alysis by computer, i f  this is contemplated by the hospital staff.) 

Esamples of the specific Hewlett-Packard medical electronics 
products in each of these categories can give the hospital a 
measure of choices available in system capabilities. Medical 
transducers include types for the detection/measurement of 
heart sounds; peripheral pressure pulse; respiration rate; fluid 
and membrance pressures; gas pressures; myographic forces: 
internal and external temperatures; linear displacement and 
velocity; PO, of gas, blood and other fluids. Signdl conditioners 
provide maximum flexibility of control and fidelity of amplifica- 
tion, in plug-in interchangeable units specifically designed for 
pressure transducer outputs; heart sounds; ECG, EEG po- 
tentials; heart and respiration rate transducers; p H  electrodes; 

130 

3900B 7734A 7718A 
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OPERATING ROOM SYSTEMS SB 
Systems engineering approach 

Recording and display instruments 

thermistor temperature probe and other low-level outputs. Two 
different series of these signal conditioners are offered, with 
eight models in one series and 1 2  in the second. Typically they 
are located above the recorder in an oscillograph, as  shown 
below, but they can be positioned anywhere in the system and 
used as unit amplifiers as well. Visual  display instruments in- 
clude single- and multi-channel oscilloscopes, image-retaining 
scopes, a four-channel numerical display for slowly-changing 
events (shown below), and large-scale panel meters. Oscillo- 
graphs for graphic chart recordings are exemplified by the 
thermal- and optical-writing models shown below. Heated- 
stylus types for dc to 150 Hz phenomena are available in 1- to 
8-channel models, with vertical or horizontal chart plane, and 
with large-screen monitoring scopes built-in, if desired. Optical 
systems include dc to 500 Hz photographic recorders with rapid 
developer units, and dc to 5 kHz ultraviolet recorders in 1- to 
24-channel capacities. 

For data storage and  playback in a variety of modes, H P  
magnetic tape recording/reproducing systems allow the user 
to equip his system with precisely the number of direct 
or FM channels he needs from one to 14, a voice channel 

for spoken commentary, and valuable options such as an 
endless-loop device for repetitive playback, remote control 
unit, system packaging in portable cases for greater mobility, 
etc. Conformance of system specifications to established IRIG 
standards also means that tapes may be used by other hospitals 
and research centers equipped with IRIG standard systems. 
Other functional elements of an OR monitoring system, which 
Hewlett-Packard/Sanborn has experience in providing, include 
inter-communication systems for OR staff, system operator and 
observers; dye curve integrator for cardiac output determina- 
tion; vector-cardiograph display/photography units. 

In planning a modest or comprehensive OR monitoring 
system, for either general or specialized surgical procedures, 
HewIett-Packard uses a true systems-engineering approach: 
compatibility of performance and readout of each unit in rela- 
tion to all other units is given major attention, as well as 
realistic recognition of actual operating conditions, degree of 
operator skill required, servicing and maintenance without dis- 
ruption of the entire system, and positive safety for patient and 
medical staff alike. For a detailed system proposal with cost 
estimate; call your Hewlett-Packard field sales office to discuss 
your requirements. I 

8 . 
7719A 45688 4561 B 
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Working 
range 
Sensitivity 
Volume 
displacement 
Frequency 
response 

/ 

267A, 267B, 268A, 268B Pressure Transducers 
Compact, sensitive pressure transducers measure gas or 

fluid pressures, especially for blood pressure, GI and eso- 
phageal studies. Models 267B, 268B measure differentially 
in relation to  atmospheric or any other reference pressures, 

Models: 267A, 2678 
-100 to $400 mm Hg 

1 cm/l mm Hg 
0.04 mm3/lOO mm Hg 

The response of a transducer system depends on the 
diameter and length of needle and/or catheter, the 

Models: 268A, 2688 
-40 to +40 mm Hg 

1 cm/O.l mm Hg 
0.4 mm3/lOO mm Hg 

Pressure 
Internal 
voliirne 

I I connecting hardware, the internal volume,volume dis- 1 

0.2cc. 0.2cc. 

I placemenl, and the pressure medium. 
Maximum I 750 mm He: I 300 mm HE 

temperaiure 
Electrical 
connections 
Differential 
performance 

Recording 
system carrier 
Preamplifier 
Strain gage 
amplifiers 
Dimensions 
and connections 

1 Weight 

Eight-foot cable to mate with Sanborn Carrier Pre- 
amplifier, Extension cables available. 
Models, when used for differential measurements, 
equal static pressures applied to both inputs will 
produce an output equivalent to less than 0.5% of 
the applied pressure. A models for single-ended use. 

760-3000; *Special plug-in harmonic filter furnished 
without cost. 
140, 64-500, 64-500A, 64.5008, (267-400 adapter re- 
quired). 
Monel body: 1 - 9 / 1 6  wide, 1%” high, 1” deep (40 x 
38 x 25 mm). Female Luer locks extend 3/8” (10 mm) 
from four sides of body. Cable coupling extends 
1-1/6” (27 mm) beyond body. 
Transducer net 9 oz (0, 1 kg), unit net 15.5 oz (0,4 

150-1 100 *, 350-1 100, CM *, 150 -3000, 350 -3OOOC, 

I Hysteresis and I All models, single-ended mode, *1% max. B models, 1 

Price 

non-linearity I differential m d e ,  +1.5% max. 
ODeratine I Not over 120 degrees F”. 

kg), shipping 1 Ib (0,4 kg) 
267A, $225; 267B, $250; 268A, $225; 2688, $250; 
267-400, $70 

have sensitivities in each two chambers maintained within 
0.5%. Each pressure chamber has an inlet and outlet for 
bubble-flushing. All pressure-exposed parts are of corrosion- 
resistant Monel. All units have standard Luer taper twist- 
lock connectors. Both single-ended and differential models 
are available in two sensitivities: I c m / l m m H g  and Icm/ 
0. ImmHg.  Electrical connection to Carrier Preamplifier is 
by 8-foot cable (supplied). (Optional extension cable 
lengths are available; consult a Hewlett-Packard sales office 
for further details. ) 

350-1700-C10 Contact Crystal Microphone 
Reproduces all heart sounds from low pitch rumbles to 

high-pitch murmurs at frequencies up to 1,000 Hz. Used 
with Model 350-1700B Heart Sound Preamplifier. Shipping 
weight: 2 lbs. Price: 556. 

APT-10-1, -1 1-1, -13, -16 Applanation 
Pressure Transducers 

The A P T  series transducers measure internal fluid pressure 
through contact with the surface of a flexible membrane. 
All A P T  transducers haye a cylindrical guard ring which 
extends down over a spring-restrained plunger rod, which 
comprise the probe end. The  face of the ring and plunger 
are in the same plane. In use, the ring and plunger flatten 
the skin or membrane surface; then internal pressure through 
the membrane displaces the plunger relative to the plane of 
the guard ring. 

The A P T  Series is compatible with appropriate Sanborn 
preamplifiers in Hewlett-Packard/Sanborn direct-writing, 
photographic recording, meter and scope readout systems. 

Model APT- 10-1 transducer is a hand-held unit designed 
to measure such physiologic phenomena as ocular and/or 
augmented ocular pressure. iModel APT-11-1 may be used 
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Excitation 
Dimensions 
diameter 
length 

Weight 
Price 

to measure intra-amniotic pressure, or pressure in other body 
cavities where skin or membrane surface will accommodate 
the two-inch (50, 8 mm)  diameter guard ring and the one- 
inch (25, 4 mm)  diameter plunger. 

T h e  hand-held Model APT-13 has a 9.5 mm diameter 
guard ring encircling a 4.5 mm diameter plunger for mea- 
surement of carotid artery pulse waveforms, wrist artery 
pulse waveforms and other locations. The sensitivity (1 div/ 
2 mm H g )  permits clear traces on an HP/Sanborn ECG 
Recorder. It can also be used with Low-Level or D C  Pre- 
amplifiers in recording systems, The APT-13 and APT-16 
are “dc in-dc out” units which require a 6-volt power sup- 
ply. Model APT-16 is also designed to measure pulse waves. 

,875“ (22, 2.0” (50,8) 1.0 (25,4) 1.06” (26, 
2 mm) 9) 
2.7“ (68, 1.7” (43,2) 2.68” (68, .96 (24,4) 
6 mm) 1) 
8 oz. (0,6 kg) 
$200 $265 $240 $220 

8 oz. (0,6 kg) 8 02. (0,6 kg) 8 OZ. (0,6 kg) 

It has a 25.4 mm diameter guard ring and 6.4 mm diameter 
plunger and can be easily strapped to the body. The  Model 
T41-18 is a 6-volt battery power supply with appropriate 
connectors. 

1280 Series 

The  1280 Series transducers are designed for measure- 
ment of fluid pressures, They feature a transparent dome and 
small volume displacement. They are sensitive, compact units 
suited for measurement of blood pressure, esophageal, and 
gastro-intestinal phenomena. Single-ended with male Linden 
pressure connectors. 

Specificat ions 

Linear range: -100 to 400 mm Hg. 
Overload: -100 to 750 mm Hg (max.) .  
Sensitivity: 4 mV/Vx/loO mm Hg. 
Sensor: bridge-type, not compatible with 150-3000, 350- 

3000 preamplifiers. 

Input impedance: 130 ohms. 
Output impedance: 100 + j50. 
Excitation: 5 vac ( m a r . ) ,  2.4 kHz. 
Alinea rity: 0.5 yo. 
Temperature range: +40°  to +130°F. 
Natural frequency: greater than 2 k H t  in air. 
Volume (internal): 0.28 cc (dome only),  
Volume displacement: .04 mms/lOO m Hg. 
Weight: net 29 oz (0,4 k g ) ;  shipping 1.1 Ibs (0,5 k g ) .  
Dimensions: 4.35” long (110 m m ) ,  1.19” (30.2 mm) dia. 
Price: on request. 

Linearsyn, 7DCDT, and LVsyn Trandsucers 

Linearsyn and 7DCDT differential transformer trans- 
ducers are used for the measurement of the displacement of 
muscle, limb, blood vessel, chest wall and other physiologi- 
cal motions. LVsyn models are designed to measure the 
velocity of these motions. 

Other Transducers 

The FTA Series of myographic force transducers is de- 
signed primarily for the measurement of isometric muscle 
contractions. The Model 270 Differential Gas Pressure 

of relatively low pressure variables, such as in pulmonary 
studies. 

The Calibrated Temperature Bridge, Model 760-53 is an 
adaptor for use with any Carrier Preamplifier and a variety 
of interchangeable thermistor probes for accurate recording 
or monitoring of physiologic temperatures. 

Weight: net 3 oz (0,03 kg) ; shipping 1 lb (0,4 k g ) .  

Price: $99. 

Transducer is designed for the measurement and recording / 

Accessories and optional equipment 

Model 374 Pulse Wave Attachment with phone plug con- 
nector for use with an ECG Preamplifier in an HP/Sanborn 
recording system, or with an adapter cable for use with the 
HP/Sanborn Model 100 Viso-Cardiette, is also available. 
Price: $71. Adapter Cable (651-114P6) : $4.05. Model 108 
Pneumograph Attachment is available for use with the 
Model 374 for simultaneous or separate pneumogram re- 
cordings. Price: $25. The Model 53 Battery Converter is a 
solid-state, integral battery charger which provides 1 2 8  V 
ac, 60 cps at 125 watts for 2 hours for use with portable 
recorders and amplifiers having power requirements from 
40 to 1 2 5  watts, 

Other accessories described in this catalog are: 37PSeries 
Thermistor Probes; 7816 Plethysmograph Pulse Transducer; 
780-14 Respiration Transducer; ECG Electrodes; 373 Pulse 
Wave Transducer. 
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Physiologic variable 

Apex cardiogram 

SIGNAL CONDITIONERS 
Versatility in physiological recording 
Series 350 and 760 

Applicable Preamplifiers 

Model 350- Model 760- 

3200A or 2700C 

Two separate series of Sanborn Physiological Signal Condi- 
tioners-Series 350 and Series 760 Preamplifiers-are used in 
the Sanborn Recording and Monitoring Systems described on 
pages 64, 65, 66, and 67. The 350's are the most versatile and 
highly developed of Sanborn interchangeable, plug-in physio- 
logical preamplifiers. There are 1 2  different types available for 
monitoring and/or recording more than a score of physiological 
phenomena. The 350 types may also be used as unit amplifiers, 
independent of the recording system, to drive panel meters, 
scopes, numerical displays, etc. The 760 types are also inter- 
changeable plug-in units. They are available in fewer models 
but have the advantage of smaller size, all solid state circuits 
and, in most cases, lower cost. Whether a system accepts 350 
or 760 Preamps the specific preamplifiers selected will depend 
on the phenomena to be measured as well as on the type of 
transducer or other measuring equipment used. (The Applica- 
tions Table suggests suitable signal conditioners for different 
physiologic variables, the exact selection again depending on 
the transducer or other measuring equipment used.) Plug-in 
150 Preamplifiers weigh approximately 5 pounds ( 2 , 3  kg) each 
and are 10% inches high by 1-3/16 inches wide by 19 inches 
deep (including an individual 350-500B Power Supply con- 
nected at the rear (267 x 103 x 173 rnm). Transistorized 760 
Preamplifiers weigh approximately two pounds (.9 kg) each 
and measure 7 inches high by 2 inches wide (178 x 5 1  rnm). 

The 350-IOOOB DC Preamplifier with wide bandwidth is 
suitable for recording output of numerous indicating devices 
and transducers. It may also be used for recording analog data 
from tape recorders. $325 

Physiologic variable 

Oximetry (oxygen saturation) 

The 350-1100CM Carrier Preamplifier is used for registra- 
tion of physiological pressures, with any of numerous strain 
gage, variable reluctance and differential transformer pickups; 
and for temperature measurements with Sanborn 760-53 Cali- 
brated Temperature Bridge. Other phenomena, such as force, 
stress, displacement, velocity, flow, vibration and acceleration 
may be measured with the 350-1100CM and appropriate trans- 
ducers. The Model 350-1100CM has a harmonic filter installed 
for use with Model 267 and 268 Sanborn Transducers. $425. 

The Model 350-13OOc DC Preamplifier is a moderate gain, 
three-stage dc amplifier, featuring two gain stages and a cathode 
follower output. It may be used for recording the output of 
such laboratory instruments as gas analyzers, densitometers, 
cardiotachometers, and magnetic tape recorders. It may also be 
used for recording dc signals directly from certain transducers. 
$250 

The 350-1500A Low Level Preamplifier offers 8 interchange- 
able plug-in front-ends, making the preamplifier a practical 
choice for flexibility in low level measurement and recording. 
Plug-in front-ends include Model 350-2B a general purpose dc 
amplifier with zero suppression, Model 350-3.4 EEG-ECG 
Plug-in, Model 350-44 Strain Gage Plug-in for operation of 
strain gage bridges in the 100-1000 ohm impedance range, 
Model 350-8 Waters Oximeter (monitor), Model 350-9A 
Waters Earpiece/'Cuvette (direct), Model 350-l lA Oxygen 
Cell, Model 350-12 Galvanic Skin Resistance Plug-in, and 
Model 350-15 Thermal Dilution Plug-in. Price 350-1500A, 
$525; 350-2B, $190; 350-3A, $225; 350-4A, $130; 350-8, $175; 
350-9A2, $200; 350-1lA, $140; 350-12, $205; 350-15, $265 

The Model 350-17OOc Heart Sound Preamplifier is designed 

Applicable preamplifiers 

Model 350- Model 760- 

1500A w/350-9A 760-1500 w/350-9A 

Applications 

Pneumogram 

PO2 

3200A or 2700C 

or 3600ASadapter 
1500A ~ / 3 5 0 - l l A  1500 ~ / 3 5 0 - l l A  

ECG (adult, child, large and 
small animal) 

Electromyograms 

Electroretinogram 

I 1500A ~ / 3 5 0 - 2 ;  I 1600A I 3200A or 2700C 

3200A or 2700C 1600A 

3200A or 2700C 1600A or 2700A 

2700C 2700A 

Ballistocardiogram 

Compliance (lung) 50008 

Dye curve 1000B; 1300C; 
2700C or 3200A 

Fetal ECG 

Flow,,air 

2700C or 2700A 
1500A ~ / 3 5 0 - 3 A  

llOOCM or 3000C 3000 

Pressure (direct)- arterial, 

Pulse wave 

Resistance, total pulmonary 

esophageal, GI, spinal, venous 
llOOCM or 3000C 3000 

3200A or 2700C 1600A 

5000 B 
I I 

Galvanic skin resistance (GSR) 1 1500A w/350-12 I 760-1500 w/350-12 

Flow, blood 10008; 1300C; 
3200A or 2700C 

1300 

I PC02 

Scalar VCG 

Temperature 

I 3600A 1 

one to three 2700C's 

1100CM; 3000C or 3000 
1500A ~ / 3 5 0 - 2 B  

I oH 1 3600A I 

Gas analysis (carbon monox., 
carbon diox., nitrogen) 

Heart Rate 

Heart shunt detection 

1000B; 1300'2; 1300 
2700C or 3200A 

3400A 3A 

1500A W/350-11A 760-1500~/350-11 A 

~~ I Plethysmogram, l imb-digit  1 1100CM; 3200A I 3000 or 1600A 1 
or 2700C 

Heart sound t iming 

I Plethysmogram, body I llOOB or 3000B I 3000 I 

~~ 

3200A or 2700C Volume, respiratory 

I Resoiration rate I I 2200 I 

3700A 

I Thermal-dilution I ~ 1500A I 1 
I Heart sound I 1700C I I I Vectorcardioaram I (2) 2700C I I 
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Representative 350 and 760 Preamplifiers 

to be used with the Sanborn Poly Beam Recorders (or other 
optical recorders having 500 Hz galvanometers) for electrical 
auscultation and the registration of diagnostic phonocardio- 
grams. Additionally this preamplifier may be used externally 
with a 350-500B Power Supply and a 450 style portable case 
as an Amplifyng Stethoscope. $275 

The 350-27OOc High Gain Preamplifier is useful for single 
channel EEG work such as monitoring anesthesia level or the 
level of oxygen provided by an oxygenerator during open heart 
surgery, for fetal ECG's, for small muscle myography, and for 
nerve potential and muscle tissue measurements. In addition, 
it provides lead selection for routine ECG's. A dc input jack 
permits recording the same functions as the 350-13OOc and the 
dc section of the 350-3200A. It is also useful for vectorcardio- 
graphy. $375 

The 350-3OOOc Medical Carrier is designed for use with 
Sanborn Physiological Pressure Transducers (Model 267 and 
268 for the determination of pressure with respect to atmo- 
spheric pressure or the difference between two applied pres- 
sures, and the Model 270, a high sensitivity differential pressure 
gas transducer). The 350-3OOOc is also useable with the 760- 
53 Calibrated Temperature Bridge and with Sanborn Force 
Transducers. $325 

The 350-3200A ECG/General Preamplifier provides accurate, 
diagnostic ECG's. Up to four 350-3200A's may be used in 
multi-channel systems equipped with ECG input facilities. The 
dc section of the preamplifier is suitable for recording the out- 
put of indicating devices used in gas analysis and dye dilution 
studies. The ac section will accept the output of the Sanborn 
374 Pulse Wave Attachment, the 108 Pneumograph Attach- 
ment, certain Ballistocardiographs, and transducer outputs with 
pp signals from 5 to 200 mV full scale. $325 

The 350-3400A Cardio-Tach Preamplifier may be used for 
measuring either average heart rate or the time interval between 
consecutive R-waves. Readout of average rate may be made on 

a recorder, the 760-20 Monitor Meter, or the 760-5 and -6 
Threshold Monitor and Alarm Box. Readout of the time inter- 
val output- a ramp voltage function in which maximum 
amplitude is proportional to the time between the two previous 
R-waves -may be on a recorder or oscilloscope. $ 5  50 

The 350-3600A p H  Preamplifier may be used in Sanborn 
multi-channel systems to provide precise, intermittent graphic 
measurement of p H  or pCo, changes in samples of blood or 
other biological solutions. When packaged in a portable 450 
case it serves as an independent meter for the measurement of 
p H  or pCor in whole blood and for general purpose p H  mea- 
surements in the 3 to 11 p H  range. $650 

The 350-3700A Integrating Preamplifier is designed to inte- 
grate or summate the output of 350 Preamplifiers or certain 
transducers. In the integration mode, the preamplifier performs 
as a low pass RC filter with a time constant of 2000 seconds, 
followed by a high gain chopper amplifier. As an area summa- 
tor, the areas under the positive input signals are added. When 
the output is connected to a recorder, the results indicate pre- 
cisely the rate and amount of activity that occur over a given 
period of time. Typical applications are found in electromy- 
ography and pulmonary function studies. $450 

The 350-5000B Respiratory Preamplifier - used in conjunc- 
tion with other 350 style preamplifiers -performs the integra- 
tion of flow resulting in an electrical signal equivalent to the 
volume change of the lungs. Electrical signals related to flow 
of air into and out of the lungs, the volume change of the 
lungs, and the total pressure across the lungs are presented on 
an oscilloscope in loop form. $550 

The 760-1300 D C  Coupler performs the same functions as 
the 350-13OOc. $135 

The 760-1500 Low Level Preamplifier is a chopper type dc 
preamp for monitoring low level signals, such as those derived 
from thermocouples, photocells, oxygen electrodes, oximeters, 
thermistors, strain gage bridges and dye dilution equipment. 
In some applications, an input coupler may be required. Avail- 
able input couplers include the 350-9A Waters EarpieceICu- 
vette, the 350.llA Oxygen Cell and the 350-12 Galvanic Skin 
Resistance Plug-in. $300 

The 760-16COA ECG Preamplifier permits monitoring ECG 
bipolar leads (Leads 1, 2, 3 ) .  It may be used with 760-3 Cardio- 
tach to monitor heart rate. $225 

The 760-2200 Respiration Rate Preamplifier is designed to 
produce a dc voltage at the output directly proportional to 
average respiration rate. The input signal comes from a respi- 
ration transducer, or the output of a 350 or 760 Carrier Ampli- 
fier which derives its signal from a pneumotach screen and 
pressure transducer. $400 

The Model 760-2700A EEG Preamplifier is similar in func- 
tion and purpose to the 350-27OOC High Gain Preamplifier. 
$200 

The Model 760-3000 Carrier Preamplifier corresponds in 
function and purpose to the 350-3OOOC Medical Carrier. $175 

The Model 760-3100 Pressure Processor is designed for mon- 
itoring systolic, diastolic, and mean arterial blood pressures. It 
is use2 in conjunction with the 760-3000 Carrier which obtains 
its input from blood pressure via a Sanborn Pressure Trans- 
ducer or strain gage type pressure transducer. $500 

The 760-3 Cardio-tach produces a dc voltage at the output 
directly proportional to average heart rate. The heart rate may 
be obtained from any one of 3 different signal sources: 1, 
R-wave in the ECG waveform (760-1600A); 2 )  arterial pres- 
sure pulse (760-3000), ear plethysmograph (780-16). $300 
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7714A 7716A 7717A 

7712B Two channel recording system 
The 7712B two channel thermal recording system fea- 

tures mobile cart mounting, for wheeling the system to the 
point of measurement, This facilitates clinical and research 
applications of the system, with any two of the “350” series 
of plug-in preamplifiers. Pushbuttons select 2 .5 ,  5, 25 and 50 
mm/sec speeds. Recording channels are 50-mm wide, with a 
recorded frequency response from dc to 125 Hz unless 
limited by the preamplifier. 
Power requirements: 11 5 V, 60 Hz, 200 watts, 
Overall size: 14” high, 19” wide, 171/4” deep (356 x 483 x 

Weight: net 130 lbs (58,5 k g ) ;  shipping 172 lbs (77,2 kg) .  
Price: H P  Model 7712B, $1970. Model 7712-01A Recorder 

7714A Four channel recording system 

438 mm) .  

(for rack mounting), $1775. 

The 77144  four channel thermal recording system for 
use with any four “350” series plug-in preamplifiers is com- 
plete in its fully enclosed upright cabinet, The system fea- 
tures a horizontal chart table, for easier notation on the re- 
cording. The four recording channels, each 50-mm wide, 
provide a recording response from dc to 125 Hz unless 
limited by the preamplifier. Mechanically selected chart drive 
speeds are 0.25, 0.5, 1, 2.5, 5, 10, 25, 50, and 100 mm/sec. 
Power requirements: 115 V, 60 Hz, 350 watts. 
Overall size: 721/s” high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 473 Ibs (214 kg) ; shipping 569 Ibs (256 k g ) .  
Price: H P  Model 7714A, $3970. 

Option 01 : less cabinet; requires adequate cooling; price 
$3695. Option 06: ECG input facility; for cabinet use only; 
add $200. Option 07: visual display facility; for 569B 
Scope; for cabinet use only; add $150. Option 08: 50 Hz 
operation; no extra charge. Option 09: adds 230 volt trans- 
former 66A-10; specify in cabinet or  loose; add $100. 
Option 12:  less one channel; deduct $200. Option 13:  add 
slides for 780-6A Scope; add $25. Option 14:  with 8-channel 
signal cable for 780-6A Option 01; add $50. 

7716A Six channel recording system 
The 7716A six channel thermal recording system is de- 

signed to operate with any six of the “350” series of plug-in 

560 x 762 mm) .  

preamplifiers as a single cabinet-mounted system. The system 
features a flush-front recording drive, to allow observation 
of the recording as it is being made. The  six recording 
channels, each 50-mm wide, record from dc to 125 Hz un- 
less limited by the preamplifier. Electrically selected speeds 
by pushbutton are 0 .25 ,  0.5, 1, 2.5, 5, 10, 25, 50, and 100 
mm/sec. 
Power requirements: 115 V, 60 Hz, 900 watts. 
Overall size: 72v8” high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 574 lbs (259 k g ) ;  shipping 670 lbs (302 k g ) .  
Price: H P  Model 7716A, $5325. 

Option 01 : less cabinet; requires adequate cooling; price 
$4950. Option 02: for portable cases; price $5383. Option 
06: ECG input facility; add $200. Option 0 8 :  50 Hz opera- 
tion; no extra charge, Option 09:  adds 230 volt transformer 
66A- lo ;  specify in cabinet or loose; add $100. Option 11:  
adds mm/min. speeds; recorder 356-100DW; add $250. 
Option 12:  less one channel; deduct $200. 

7717A Six channel recording system 
The 7717A six channel thermal recording system features 

a visual display facility for single or multi-channel display, 
as a unified system complete in one upright cabinet. The  
system operates with any six of the “350” series of plug-in 
preamplifiers. Each recording channel is 50-mm wide, and 
provides a response from dc to 125 Hz unless limited by 
the preamplifier. Electrically selected speeds by pushbutton 
are 0.25, 0.5, 1, 2.5, 5, 10, 25, 50, and 100 mm/sec. 
Power requirements: 11 5 V, 60 Hz, 970 watts. 
Overall size: 721/8’’ high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 590 Ibs (266 kg)  ; shipping 686 lbs (309 k g ) .  
Price: H P  Model 7717A, $5475. 

Option 06: ECG input facility; add $200. Option 07:  
scope mounting facility for 569B; cabinet use only; no extra 
charge. Option 09:  add 230 volt transformer 66A- lo ;  spe- 
cify in cabinet or loose; add $100. Option 11: add mm/min 
speeds; recorder 356-100DW; add $250. Option 12:  less 
one channel; deduct $200. Option 13:  780-6A Scope mount- 
ing facility; deduct $125. Option 14:  %channel signal cable 
for 780-6A Option $1; add $50. 

560 x 762 m m ) .  

560 x 762 m m ) .  
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7718A Eight channel recording system 
The 7718A eight channel thermal recording system pro- 

vides the advantages of eight recording channels on one 
chart, with a wide response from dc to 150 Hz unless limited 
by the preamplifiers. This provides a maximum of recording 
facilities, which adds flexibility to both clinical and research 
applications, and furnishes a maximum amount of recorded 
data for any one observation. The  eight recording channels 
are each 40 mm wide, divided into 50 divisions. The system 
operates with any eight of the “350” series of piug-in pre- 
amplifiers. Electrically selected speeds by pushbutton are 
0.25, 0.5, 1, 2 .5 ,  5, 10, 25, 50, and 100 mm/sec. 
Power requirements: 11 5 V, 60 Hz, 950 watts. 
Overall size: ?2Y8” high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 532 lbs (240 k g ) ;  shipping 628 lbs (283 kg ) .  
Price: HP Model 7718A, $6350. 

Option 01 : less cabinet; requires adequate cooling; price 
$5975. Option 02: in portable cases; price $6350. Option 
06: ECG input facility; add $200. Option 0 8 :  50 Hz opera- 
tion; no extra charge. Option 09: adds 230 volt transformer 
6GA-lo; specify in cabinet or loose; add $100. Option 11: 
add mm/min speeds; recorder 358-1OOD; add $250. Option 
12:  less one channel; deduct $200. 

560 x 762 m m ) .  

7719A Eight channel recording system 
The 7719A eight channel thermal recording system fea- 

tures a visual display facility as a standard part of the com- 
pleted system. This facility is designed around a cathode ray 
oscilloscope, and may be used for the display of vectorcardio- 
graphic loops, or for showing other physiological phenomena 
such as ECG, EEG, pulse waves, etc. The entire system is 
complete in one upright cabinet, and includes provisions for 
inserting any selection of eight “350” series plug-in pre- 
amplifiers. Each of the eight recording channels is 40 mm 
wide, divided into 50 divisions, with a recorded frequency 
response from dc to 150 Hz unless limited by the preampli- 
fier. Electrically selected speeds by pushbutton are 0.25, 0.5, 
1, 2.5, 5, 10, 25, 50, and 100 mmlsec. 
Power requirements: 11 5 V, 60 Hz, 950 watts. 

Overall size: 72y8” high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 532 lbs (240 k g ) ;  shipping 628 Ibs (283 k g ) .  
Price: HP Model 7719A, $6500. 

Option 06: add ECG input facility; add $200. Option 07: 
scope mounting facility for 569B; cabinet use only; no extra 
charge. Option 08:  50 Hz operation; no extra charge. Option 
09: add 230 volt transformer 66A-10, specify in cabinet or 
loose; add $100. Option 11 : add mm/min speeds; recorder 
358-100D; add $250. Option 12:  less one channel deduct 
$250. Option 13: 780-6A scope mounting facility; deduct 
$125. Option 14: 8-channel signal cable for 780-GA Option 
01; add $50. 

7720A Eight channel recording system 
The 7720A eight channel thermal recording system oper- 

ates with any eight “350” preamplifiers. The  system fea- 
tures a horizontal chart table, for easier notation on the 
recording. Multi-channel recording furnishes a maximum 
amount of information on the chart for clinical or research 
measurements. Recording channels are 40 mm wide, 50 di- 
visions, with a recorded response from dc to 125 Hz, unless 
limited by the preamplifier. Mechanically selected chart 
speeds are 0.25, 0.5, 1, 2.5, 5, 10, 25 ,  50, and 100 mm/sec. 
Power requirements: 115 V, 60 Hz, 950 watts. 
Overall size: ?2Y8” high, 22-1/16” wide, 30” deep (1832 x 

Weight: net 532 lbs (240 kg); shipping 628 lbs (283 kg ) .  
Price: HP Model 7720A, $6650. 
Also available: 7721A, six channel; price $5620. 7722~4,  

eight channel, with visual display; price $6900. 7723~4,  
six channels, with visual display; price $5870. 
Option 06: ECG input facility; add $200. Option 08: 

50 Hz operation; no extra charge. Option 09: add 230 volt 
transformer 66A-10; specify in cabinet or loose; add $100. 
Option 1 2 :  less one channel; deduct $200. 

For 7722A, 7723A only: Option 07: scope mounting 
facility for 569B; cabinet use only; no extra charge. Option 
13: 780-64 scope mounting facility; deduct $125. Option 
14: 8-channel signal cable for 780-6A Option 01; add $50. 
Option 06 and 07 cannot be used together. 

560 x 762 m m ) .  

560 x 762 m m ) .  
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7734A 45618 

7734A Monitor recording systems 
The 7734A system features both a complete multi-channel 

oscilloscope for data presentation, and a four-channel ther- 
mal recorder for making a permanent record of the data. 
The oscilloscope at the upper part of the cabinet presents 
four simultaneous channels of physiologic data on its 13Y2” x 
10’’ (viewing size) cathode ray tube screen, for applications 
such as at-a-glance observation of a patient’s condition, or 
for monitoring the status of a research project. Sweep speeds 
are 3, 6 and 12 mm/sec, automatic or  manual (plus 30 mm/ 
sec, manual) on the 17” long-persistence cathode ray tube. 

The recorder makes a permanent, instantaneous thermal 
recording on four 50-mm wide recording channels, over a 
frequency range of dc to 125 Hz, unless limited by the 
preamplifier. Mechanically-selected chart drive speeds are 
0.25, 0.5, 1, 2.5, 5, 10, 25, 50, 100 mm/sec. This frequency 
range is well matched to most clinical and research measure- 
ments of physiologic phenomena. Its use in conjunction with 
the multi-channel oscilloscope allows observing a lengthy 
sequence of occurrences and recording only those which are 
significant, for later measurement, reference, and analysis. 

The system uses any six of the “760” series of plug-in 
preamplifiers or front end units. The output of four pre- 
amplifiers appears on the oscilloscope and recorder, leaving 
two system channels available for  display on a meter or other 
indicator, or for mounting a front end unit. 

Power requirements: 115 V 60 Hz, 000 watts. 
Overall size: 72Y2” high, 22-1/16” wide, 30” deep (1841 x 

Weight: net 408 lbs (184 k g ) ;  shipping 504 Ibs (223 k g ) .  
Price: H P  7734A, $4795. 
Options 

560 x 762 m m ) .  

08 50 Hz operation n/c 

$100 
09 Adds 230 volt transformer 66A- lo ;  specify 

in cabinet or loose; add 

4561 B Monitor recording system 
The 4561B system features a wide-range four-channel 

optical recorder (Rapid Developer optional), plus a multi- 
channel large-screen monitoring oscilloscope. The  recorder 
provides eight manually-selected chart drive speeds in the 

range 2.5 to 200 mm/sec (5-100 mm/sec when using the 
563 Rapid developer). The bromide recording paper may 
be 6” wide (200’ length) or (with Rapid Developer) 6 cm 
wide (175’ length),  with no change required in the instru- 
ment. The paper container is loaded in the darkroom, ex- 
posed in the recorder under normal room illumination, then 
developed in the darkroom or automatically at the time of 
recording by the 563 Rapid Developer. Beams may be super- 
imposed, or each separated into its individual portion of the 
chart. Amplitude and timing lines are recorded at the same 
time as the data, with the timing lines being controlled by 
an independent synchronous motor. Frequency response ex- 
tends from dc to 500 Hz (other ranges available) unless 
limited by the preamplifier. This extended frequency re- 
sponse is valuable for studying physiological events such as 
heart sounds, electromyographic potentials and small animal 
ECG. 

The multi-channel oscilloscope in the upper part of the 
cabinet is the same as that used in the 7734A system (see 
left) and provides the same features of operation. The sys- 
tem uses any six “760” preamplifiers or front end units; four 
preamplifiers display on the oscilloscope or drive a recorder 
channel, while two channels are reserved for use with other 
indicators or  for front-end units. 
Power requirements: 115 V 60 Hz, 650 watts (approx.) .  
Overall size: 72Y2” high, 22-1/16” wide, 30” deep (1841 x 

Weight: net 408 Ibs (184 k g ) ;  shipping 533 lbs (240 kg) .  
Price: H P  Model 4561B, $4580. 
Options 

560 x 762 m m ) .  

08 50 Hz operation n/c 
09 Adds 230 volt transformer 66A-10; specify 

in cabinet or  loose; add $100 

4564B Photographic recording system 
The 4564B photographic recording system features the 

same optical recorder as is used in the 4561B system, but 
utilizes the more versatile series of 350 plug-in preamplifiers. 
These preamplifiers permit recording an extensive range of 
physiological phenomena, at a frequency range from dc to 500 
Hz, or as limited by the preamplifier ( to  1 kHz with 350- 
1700C).  Rapid Developer 563 (optional) provides the ad- 
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4564B 4568B 4508BT 

vantages of wide-range optical recording without the delay 
of darkroom processing before the final recording may be 
used. 
Power requirements: 115 V 60 Hz, 700 watts (approx.) .  
Overall size: 72y2” high, 22-1/16” wide, 30” deep (1841 x 

Weight: net 458 lbs (206 k g ) ;  shipping 554 lbs (252 k g ) .  
Price: H P  Model 4564B, $3455. 
Options 

560 x 762 m m ) .  

06 ECG input facility; add 

08 50 Hz operation n/c 

$200 
07 Visual display facility; for 569B scope; for 

cabinet use only; add $150 

09 Adds 230 volt transformer 66A-lo ;  specify 

13  Add slides for 780-6A scope; add 
14 With  %channel signal cable for 780-6 

in cabinet or loose; add $100 
$ 25 

Option 01; add $ 50 

4568B Photographic recording system 
The 4568B photographic recording system features the 

same optical photographic recorder as used in the 4561B 
and 4564B systems, operating with any eight of the “350” 
series of plug-in preamplifiers, to provide eight separate or 
overlapping channels of wide-range data recording. Use of 
all eight channels provides a thorough prescntation of physio- 
logic events and their waveforms, as they may occur in clini- 
cal investigation of a patient, or in research-oriented experi- 
mentation on a subject. The  wide frequency range of the 
recording, which extends from dc to 500 Hz unless limited 
by the preamplifier ( to 1 kHz with 350-17OOC) permits ex- 
tensive small-animal investigation, as well as routine record- 
ing of such high frequency variables as heart sounds and 
electromyographic potentials. Other ranges available on 
order. 
Power requirements: 115 V, 60 Hz, 1000 watts (approx.) .  
Overall size: 72Y2’’ high, 22-1/16” wide, 30” deep (1841 x 

Weight: net 456 lbs (206 k g ) ;  shipping 552  lbs (248 kg ) .  
Price: H P  Model 4568B, $5160. 

560 x 762 mm) ,  

Options 
06 ECG input facility; add 

08 50 Hz operation n/c 

$200 

cabinet use only; add $150 
07 Visual display facility; for 569B scope; for 

09 Adds 230 volt transformer 66A-lo ;  specify in 

13 Add slides for 780-6A scope; add 
14 With 8-channel signal cable for 780-6A 

in cabinet or loose; add $100 
$ 25 

Option 01; add $ 50 

4508BT Ultra-violet recording system 
The 4508BT system features a special ultra-violet sensi- 

tive recording paper whose latent image may be developed 
simply by exposure to fluorescent illumination. The chart 
paper roll may be loaded under normal room lighting, and 
is developed by the built-in post-exposure fluorescent lamp, 
so the multi-channel data may be viewed a few seconds after 
it is recorded. The  system uses any eight of the “350” series 
preamplifiers, for a recorded frequency response from dc to 
500 Hz (to 1 kHz with 350-17OOc) unless limited by the 
preamplifier. The recorder provides nine pushbutton selected 
speeds in the range of 2.5 to 1000 mm/sec. Data channels 
may be separate, or may overlap to the full width of the 
eight-inch chart. Time and amplitude lines are recorded 
with the data, for maximum accuracy. 
Power requirements: 115 V, 60 Hz, 1600 watts (approx.) .  
Overall size: 72y2” high, 22-1/16” wide, 30” deep (1841 x 

Weight: net 19 lbs (85,5 k g ) ;  shipping 250 Ibs (113 kg ) .  
Price: H P  Model 4805BT, $7100. 
Options 

560 x 762 m m ) .  

06 ECG input facility: add $200 

08 50 Hz operation n/c 

07 Visual display facility; for 569B scopes; for 
cabinet use only; add $150 

09 Adds 230 volt transformer 66A-lo ;  specify 

13  Add slides for 780-6A scope; add 
14  With %channel signal cable for 780-6A 

in cabinet or loose; add $100 
$ 25 

Option 01; add $ 50 
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3907-06A 
Voice Channel AmDlifier 

3907.07A 
In put Cou pl ing Amplifier 

3900 Series 
Vertical 
Mobile 

Cabin e t  

39076 Option 02 
Portable Cases 
For Transport 

And Amplifiers 

3907-1 1A 
Remote 

Control Unit 

3907-046 Tape Loop Adapter 

MAGNETIC TAPE .RECORDING 
Yigh performance, moderate cost, compatible 
Models 3907B, 3914B, 3917B, 3924B 

System Choices-Performance Features Sanborn 3900-series 
magnetic tape record/reproduce systems are available with 7 
or 14 analog data recording channels, plus an optional edge- 
channel for recording voice commentary, 6 standard speeds 
from lya ips to 60 ips, with user’s choice of plug-in circuit 
cards for direct, FM or pulse-mode recording, Narrow band- 
width systems (3907B, 3914B) have a max. frequency response 
in direct mode of 100 kHt; intermediate bandwidth systems 
(3917B, 3924B) ,  response to 250 kHz max. As shown at left, 
system may be housed in vertical mobile cabinet, or tape trans- 
port and electronics packaged in separate portable cases. 

Performance of these systems is compatible with the widely- 
accepted standards of the Inter-Range Instrumentstion Group, 
making it possible to playback 3900-tapes on other IRIG- 
compatible systems, and vice-versa. Representative specifications 
include: 0.2% p-p flutter (dc to 200 Hz, at 30 and 60 ips);  
extremely low inter-channel crosstalk (even when direct and 
FM channels are mixed on the same head stalk); 40 db or 
better signal-to-noise ratio; direct connection of single-ended 
inputs from 0.5 to 10 V rms (direct) and ~ 1 . 2  to 1.3 V 
p-p (FM),  20 k input resistance: 4 sec. max. start time and 
2 sec. max stop time; max. interchannel time displacement 
error +_1 microsec. at 60 ips. 

Advantages in Medical/Biophysical Applications. Magnetic 
tape instrumentation offers the clinical and research investigator 
a unique means of obtaining n l /  physiologic data from a pro- 
cedure-economically, in a compact medium, and in its original 
dynamic form. Moreover, it enables him to .reprodrLce the 
original data seconds or days later, either at its original fre- 
quency or over a longer or shorter time interval, by oscilloscope 
display, graphic recording, or for further processing by instru- 
ments such as electronic integrators, differentiators, spectrum 
analyzers, or analog-to-digital converters for computers anal- 
ysis. The Hewlett-Packard system in one hospital heart station, 
for example, puts all measured data on tape with simultaneous 
monitoring by scope; tape playback is occasionally used during 
the procedure for a “second look” at significant events, and at  
a later time to review all data to select specific portions for 
permanent graphic recording. The laboratory also uses a second 
3907B system, in conjunction with data-analyzing instruments, 
to tape record derivations of the original data while preserving 
the original tapes. 

An important advantage to the purchaser of magnetic tape 
recording systems for OR and laboratory facilities such as these 
is the compdtibility of 3900 systems with all other Hewlett- 
PackardBanborn equipment in the system. This characteristic, 
described in the examples on the facing page, is augmented by 
such other benefits as ease of tape reel loading; system align- 
ment without elaborate equipment or special skills; rapid loca- 
tion of data by precision footage counter; virtually no main- 
tenance of tape transport mechanism; availability of optional 
tape speeds; purchase of only those circuit plug-ins needed for 
desired operating mode; and the wide choice of accessories 
shown at left. 
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The photograph at right and the functional block diagram 
below show two of many systems using 3900-series magnetic 
tape instrumentation, in conjunction with other Hewlett- 
Packard signal conditioning/recording/display instruments, 
which have been designed, built and installed by Sanborn 
Division. The system at right is designed for a Cardiovascular 
Research Laboratory of an 800 bed hospital, and is capable of 
displaying up to eight phenomena silmultaneously on a 17” 
oscilloscope; photographically recording six variables from dc 
to 500 Hz; recording and reproducing 7 variables from mag- 
netic tape. One of the system’s important functional elements 
is a signal distribution and control unit (Model 568-2000 Con- 
trol Panel, below signal conditioners in left cabinet) : it enables 
the operator to select either the signal conditioner outputs or 
tape recorded data for display and/or graphic recording; at- 
tenuate, position, remove and calibrate each signal according 
to the needs of a specific procedure and for uniform correlation 
among traces-from a single, compact, self-powered unit which 
is a standard Sanborn product and integral to the system. 

The systems engineering capabilities represented by the block 
diagram are applicable to the monitoring/recording require- 
ments of a catheterization laboratory. Maximum information 
with minimum equipment and clutter in the cath. lab itself 
(dotted outline) are provided by features such as waveform 
and numerical displays at both ends of the room, all patient 
signal leads fed to other instrumentation (in an adjoining 
room) through a junction box on the OR table, and a max. 
signal display capacity of 10 patient variables. This system 
also employs both 350 and 760-series signal conditioners be- 
cause of the number and nature of the physiologic variables, 
and in certain instances, to derive additional data from these 
variables. As in the system above, the Control Panel affords 
the operator convenient and complete control and adjustment 
of signals and desired signal paths. 

Although these two configurations are representative of many 
different systems, each specifically oriented to the needs of a 
particular OR, hospital laboratory or research center, they pro- 
vide their users with advantages no other company can offer: 
a complete choice of medical electronic instrumentation for all 
needed functions; stdndavd instruments, cabinetry and cabling 
designed to be electrically and mechanically compatible with 

each other; a single. highly-experienced source of total system 
design, manufacture and check-out of all system components, 
and responsibility for proper operation; and constantly avail- 
able service from people completely familiar with every element 
of the system. 

(For system 
operator) 
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Compact, versatile, easy-to-use - the Sanborn Model 
1520A Vector System is designed for both clinical and re- 
search vectorcardiography. The system consists of the Model 
1507A Vector Programmer and the Model 7 8 0 6 4  Viso- 
Scope with the Model CO4-197A Hewlett-Packard Scope 
Camera optionally available. 

The Vector Programmer provides pushbutton selection of 
vector loops in the frontal, sagittal, or horizontal planes. 
Teardrop-shaped dashes are provided in loop display, if 
desired, to indicate direction of rotation and time in 1, 2.5 
or 5 msec intervals. The programmer includes 3 ECG Ampli- 
fiers which make possible 3-channel sweep display and re- 
cording of the orthogonal components v,, v,., v,, in addition 
to vector loops. The  display unit section of the programmer 
provides controls which permit great versatility in the pre- 
sentation of vector information. For example, the 1507A 
System can be programmed to present a single VCG loop 
automatically at  the push of a button. Additionally, P, QRS, 
or T segments may be selected and enlarged for loop or 
sweep display. These and other features pictured and de- 
scribed on the next page make it possible to obtain records 
of excellent photographic quality easily. 

The  programmer accepts the user’s choice of either the 
Frank (Standard) or Cube/Tetrahedron (Option 01) plug- 
in vector lead networks. This plug-in flexibility allows for 

/ 

system compatibility with other present, as well as future 
vector lead systems. High impedance electrode amplifiers are 
included for each lead to permit the use of electrode creme 
and preserve summing accuracy in lead resistive networks. 
A right leg circuit reduces power line interference and af- 
fords patient protection. Appropriate patient cables with 
coded, fluid column electrodes are provided with the selected 
lead network plug-in. 

The 7 8 0 6 4  Viso-Scope is equipped with an electronic 
switch for simultaneous display of the orthogonal compo- 
nents V,, V,, V,. The scope provides pushbutton selection 
of the following sweep speeds: 25, 50, 100, 250, 500 and 
1000 mm/sec or loop display. The higher sweep speeds 
enable accurate QRS duration determinations with time reso- 
lution to 1 msec/mm. In the sweep display mode, time in- 
formation is readily obtained throughout the entire cardiac 
cycle. 

The  small size and modular configuration of the system 
permits mounting on a 780-10 Cart for moving to the pa- 
tient’s bedside or other areas of the hospital. 

For photographing scope traces, the new Hewlett-Packard 
C04-197A Scope Camera is available as an optional accessory. 
The entire camera can be swung away from its mounting 
when not in use to expose scope face. 
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Horizontal  p lane vector loop w i t h  i l luminated 
grat icule.  The HP Scope Camera attaches to  
the  bezel of the scope. The operator programs 
t h e  desired vector loop and simply opens the 
camera shutter t o  automat ical ly obtain a pic-  
tu re  of  one complete loop. 

Three separate ECG ampl i f iers allow simul. 
taneous presentat ion and recording of the  
orthogonal  V,, V,, and V, voltages versus 
t ime, thus  permi t t ing  detailed comparison and 
analysis of these leads. 

Frontal plane. Consecutive v iewing of f rontal ,  
horizontal, and sagi t ta l  planes is easily ac. 
compl ished by pushbutton selection. P and T 
loops are clearly recorded; beam velocity 
modulat ion prevents f i l l - in of “e” point .  

Sagittal lef t  plane. Teardrop shaped dashes 
may be applied t o  the loop to  give in fo rma-  
t ion  on direction of loop travel  and t iming. 
The heavier end of  the dash points to  the  
direction of loop travel. 

“P.loop” sagi t ta l  lef t  plane. Sections of the  
VCG loop, such as the P-wave loop, can be 
selected fo r  display and can be enlarged while 
the  remainder of the  loop is simultaneously 
“blanked out”. Sensitivity: 0.05 mV/cm. 

V,, V,,, V, components of  the QRS wave are 
sweep synchronized. Precise t i m i n g  of QRS 
complexes or other segments of  the  cardiac 
cycle can be achieved us ing  increased sweep 
speeds of 250, 500 and 1000 m m i s e c .  

Specificat ions 
1507A Vector programmer (amplification) 

Sensitivity: sensitivities of 0.1, 0.2, 0.5, 1, 2 and 5 mV in per 
volt out, f 2%, for 3 channels of ECG amplification. 

Electrode amplifiers: buffer amplifier for all electrode leads 
(except right leg) presents an input impedance > S O  megohms 
to electrodes and an output impedance of approx. 50 ohms to 
vector lead network. 

Common-mode rejection: > 500: 1 at line frequency. Special 
right leg amplifier is incorporated to reduce the amount of 
common-mode signal on the patient. 

Outputs: single-ended to ground, t 3  volts across 800 ohms 
minimum. 

Bandwidth: LOW, MEDIUM, and H I G H  selections are pro- 
vided with approximate 3 dB points of 50, 200 and 1000 Hz 
respectively. The  low frequency time constant is controlled by 
a single RC circuit with a cutoff point >2.2 sec. Through an 
RC pre-emphasis network an effective time constant >3.5  
seconds is presented to the first 200 msec of a changing voltage. 

Positioning: individual position control to f 3 volts is provided 
for each of the three ECG amplifiers. 

Noise: noise is less than 10 p V  pp referred to the input with 
50 K ohm source impedance and 1000 Hz bandwidth. 

Calibration: 0.5 mV * 2 %  dc pulse calibrated reference for the 
three ECG amplifiers; 2.0 V i. 1% dc signal for calibrating the 
oscilloscope and other associated equipment. 

1507A Vector programmer (display) 
Direction and timing: teardrop-shaped dashes are provided at 

1, 2 .5  and 5 msec ( * 3 % )  intervals. 

Logic circuitry: functions on heart rates from less than 20 BPhl 
to over 300 BPM. 

780-6A Viso-scope (Option 01) 
Sensitivity: loop display: 2 cm deflection per 1 Tolt in. Sweep 

Sweep range: 25, 50, 100 m d s e c  with an X I 0  switch to provide 
display: 1 cm deflection per 1 volt in. 

sweeps of 250, 500, and 1000 mni/second. 

ternal graticule: 10 cm x 10 crn, marked in cm squares with 
2 mm subdivisions on major axes. 

Physical characteristics of 1520A system (1507A and 780-6A 

X-Y operation: loops selectable with front panel pushbutton. In- / 

com bined): 
Color: blue cabinets with white enamel front panels. 
Weight: net 50 lbs (22,5 k g ) ;  shipping 70 lbs (31 ,5  k g ) .  
Dimensions: 123’8’’ high, 16%“ wide, 183/B” deep (320 x 4 2 5  x 

Power: 115  or 230 volts *lo%, 50 or 60 Hz, approx. 1 2 5  watts. 

Model 1520A Vector system: including 1507A Programmer 
with Frank lead network plug-in and patient cable, 780-6A 
Viso-scope with Option 01 Electronic Switch, and joining 
bracket installed between 1507A (above) and 780-6A (below). 
$2500. 

Model 1520A: Option 01 same as 1520A except Cube/Tetra- 
hedron lead networks plug-in and patient cable are substituted 
for Frank lead network and patient cable, $2560. 

Model C04-197A: Hewlett-Packard Scope Camera (same as H P  
197A but with shutter synchronization cable which connects be- 
tween scope and camera and automatically activates display cir- 
cuitry when camera shutter is opened), $490. 

467 m m ) .  

Prices 
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The Model 7214A Diagnostic Sounder - with associated trans- 
ducers is a new, easily-operated ultrasonic diagnostic system 
with versatile usefulness in both clinical and research applica- 
tions. Used alone or in conjunction with other diagnostic 
methods, the 72 14A permits rapid, safe and accurate determina- 
tions in areas such as: 
Sono-Encephalography (SEC) in neurology - for determining 
brain mid-line displacement caused by space-occupying lesions; 
measuring ventricular structures; detecting certain hematomas 
and tumors.1, * 
Echo-Cardiography in cardiology - for observing the motions 
of the mitral valve and heart walls, in the diagnosis of mitral 
stenosis and pericardial effusion.3.4 
Fetalometry in obstetrics and gynecology - for measuring the 
biparietal diameter of a fetal head as an aid to determining 
fetal weight and growth patterms 
Ocular pathology in opthalmology - for measuring eye length, 
cornea and lens thickness; studying myopia, growth, circulation, 
detached retinas, glaucoma and similar conditions; and for 
locating foreign particles in the eye.6 
Renal studies in internal medicine - for estimating the 
amount of urine in the bladder by measuring the A-P diameter 
of the bladder; determining insertion depth of biopsy needle; 
and locating renal stones during surgery.’ 
Principle of operation-the 72144 uses the difference in ultra- 
sonic reflective properties between a tissue interface or internal 
structure and those of surrounding tissue of a different density 
or elasticity. The system generates a series of very short ultra- 
sonic pulses (in the 1 MHz to 10 MHz frequency range) which 
are transmitted into the body by a transducer in firm contact 
with the surface of the body, and through a coupling medium 
such as an ultra-sound transmission gel. When the pulses en- 
counter a tissue interface or internal structure whose density or 
elasticity is different from the surrounding tissue, an echo 
pulse is reflected to the transducer and displayed on the moni- 
tor. With the screen calibrated in centimeters, the depth of the 
pulse-reflecting tissue interface or structure can be read directly. 
Data is obtained quickly and easily, without danger or dis- 
comfort to the patient. 

A-Scan mode showing bra in  rnid- 
l ine examination of normal  pa-  
t ient. (A) Right t o  left examina- 
t i o n  u s i n g  n o r m a l  v e r t i c a l  
deflect ion. ( B )  Left t o  right exam- 
inat ion us ing inverted vert ical 
deflect ion. (C) Through transrnis. 
sion, notice through distance cor- 
responds t o  distance of mid-l ine 
echo. (D) Marker  trace set t o  indi-  
cate mid- l ine echo. 

T-M mode showing a record ing 
of t he  mot ion of t he  mi t ra l  valve 
(top), taken simultaneously wi th  
an ECG (bottom). Upstroke of t he  
curve represents movement  to-  
wards the  chest wall .  Downstroke 
represents movement  away f r o m  
chest wall. 

Separate operating modes are provided for (1) meairring 
fixed dirtanres between interfaces (“A-Scan”) and (2) l o r d -  
ing  and visualizing physiologic stnuctiires in motion (“T-M” or 
“Time-Motion”). An example of each measurement is shown 
in the study of the mid-line structure of the brain (A-Scan) 
and in the motion of the mitral valve (T-M) in the photo- 
graphs above. 
Features and advantages - to provide optimum performance 
of the system and greatest measurement accuracy, four dif- 
ferent transducers are available: 1 MHt, 2.5 MHz, 5 MHz and 
10 MHt .  The 2.5 and 5 MHz types are recommended for most 
applications; 1 and 10 MHz types are designed for better pene- 
tration and more resolution respectively. Connecting the trans- 
ducers to the front panel jack automatically selects correspond- 
ing operating frequency and lights an indicator identifying the 
frequency. 

Bright, clear, parallax-free traces in a large 10 cm x 10 cm 
display area are achieved by a special internal graticule, which 
also facilitates high-quality photographs made with the new 
H P  197A Scope Camera. Depth measurements accurate to 
within one mm are made possible by a calibrated marker trace 
used with a front panel numerical readout. If the user wishes 
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to compare two moving interfaces or structures simultaneously, 
an optional variable-persistence scope permits retention of 
one signal on the scope face for up to one hour. Other features 
which simplify the operation of the 7214A Diagnostic Sounder 
include calibrated gain controls for quickly resetting instrument 
to previously-determined values; beam-finder pushbutton which 
brings trace on the screen regardless of intensity or position 
control settings; and an audible tone signal whose pitch varies 
according to echo amplitude in A-Scan mode, and echo motion 
from the start of the gate in T - M  mode, to help prevent loss 
of signal. 

For scope trace photography, the new H P  197A Scope 
Camera (see page 460) produces high-quality prints of ex- 
cellent resolution and contrast, quickly and easily. Built-in 
dtraviolet light illuminates the internal graticule. Standard 
Polaroid@ camera back is interchangeable with 4” x 5” Gra- 
flak@ back. 

For permanent records of T-M measurements, a signal for 
strip chart recording is available at a front panel jack, this 
permits simultaneous recordings with electrocardiograms and/ 
or phonocardiograms. 
Reference bibliography - ultrasonic diagnostic applications 

1. Grossman, Charles C.: The  Use of Diagnostic Ultrasomd 
in Brain Disorders. C .  C. Thomas, Publisher, Springfield, 
Ill., 1966. 

2 .  McKinney, W. M.; Thurstone, F. L.; Avant, W. S. Jr.; 
and Wallace, W. K.: “The Significance of Intracranial 
Echo Pulsations”, Diagnostic UltraJound“, pp. 114-116, 
Plenum Press, New York, 1966. 

3 .  Edler, Inge: “Mitral Valve Function Strldies b y  the Echo 
Method”, Ibid., pp. 1 9 8 - 2 2 8 .  

4. Joyner, C. R. Jr . :  “Experience with Ultrasound in the 
Study of Heart Disease and the Production of Intra- 
cardiac Sound”, Ibid., pp. 2 3 7 - 2 4 8 .  

5 .  Thompson, H. E.: “Studies of Fetal Growth by Ultra- 
sound”, Ibid., pp. 416-426. 

6. Sokollu, A, :  “The Use of Diagnostic Ultrasound in Eye 
Research”, Ibid., pp. 46-58. 

7 .  Holmes, J. H . :  “Ultrasonic Studies of the Bladder and 
Kidney”, Ibid., pp. 465-480. 

Specifications, 7214A Diagnostic Sounder 
Operating modes: A-Scan or T-M study; in A-Scan the verti- 

cal deflection is either normal or inverted for range info. 
Test frequencies: 1, 2 . 5 ,  5 or 10 MHz, selected by connecting 

desired transducer (see page 7 2  “Features and Adavantages” 
for transducer applications). 

Display: cathode ray tube with an internal graticule calibrated 
in centimeters. 

Depth range: 0.5 to 50 cm of tissue 
Depth resolution: 1 mm or less at 10 MHz. 
Marker: range marker on alternate trace, for accurate measure- 

ment of distance from start of transmitted pulse. 
Trace height: max. 2 or 5 cm, selectable by operator 
Vertical sweep: variable speed, for T-M mode 
Gate: permits selection of any echo or group of echos. 
Audio output: tone frequency depends on amplitude of echo 
*Contains the  Proceedings o f  t h e  F i rs t  In te rna t iona l  Conference of t h e  Society 
f o r  Diagnostic Ultrasound, Un ivers i ty  of Pit tsburgh, May 1965. 

appearing in gate during A-Scan, and on motion of echo 
from start of gate in T-M. 

Pulse rep. rate: approx. 500 Hz. 
Avg. power from acoustic element: less than 2 mW. 
Time varying gain: approx. 80 dB of time varying gain pro- 

vided by calibrated front panel controls to compensate for 
attenuation due to tissue absorption and scattering. 

Input connections: two, on front panel, for transducer: normal 
for pulse echo operation, or through transmission mode used 
for calibration purposes. 

Output connection: T - M  recorder output signal jack on front 
panel; capable of supplying a minimum i l  volt open 
circuit.. 

Circuitry: all silicon solid-state, except for CRT and its power 

Size: 9” high, 16%” wide, 18%” deep ( 2 2 9  x 426 x 476 mm) .  
Weight: net 50 lbs ( 2 2 , 7  kg);  shipping 60 lbs ( 2 7 , 2  kg).  
Power: 115/230 V, 50-60 Hz, 285 watts. 
Prices: consult Hewlett-Packard field sales office for prices of 

7 2  14A, variable persistence monitor option and accessories. 

supply. 
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.L J 
Model 1506A 

1506A and accessories on 500 Vis0 

PCG mixed w i th  ECG to  establ ish t i m i n g  of f i rs t  sound 

Model 1506A Heart Sound Amplifier permits heart sound 
recordings of diagnostic quality to be made by a 500 Viso, 100 
Vis0 or other ECG’s having a 50 mm/sec. chart speed and 
adequate frequency response. Such recordings can provide 

/ valuable information on the location, intensity and duration 
of sounds and murmurs, and the 1506A can also serve as an 
electronic stethoscope for listening at normal or amplified 
levels. Three recording modes are available: ECG only, PCG 
(phonocardiogram) only, and Lead I1 ECG superimposed on 
PCG, for timing. Used with a 500 Viso, the system covers a 
heart sound frequency range from 50 to 2000 Hz (cps) with 
recording resolution of 0.01 sec. The 1506A operating principle 
involves electronic detection of the heart sound waveform 
envelope, with sampling at an 85 Hz rate, with the resultant 
signal fed to the input of the cardiograph for graphic recording. 

The 1506.4 is a compact, lightweight unit with all solid-state 
circuitry, self-powered by long-life internal batteries (6  mos. 
with an average use of 2 hrs./day) . It clips easily and securely 
to the front of a 500 Viso. Controls are provided for recording 
mode (ECG, PCG, ECG-PCG Mix);  cut-off freq. (50, 100, 
250, 500 cps) ; sensitivity; audio-phone volume; battery check: 
and calibration. 

Specifications 
Input impedance: approximately 5 megohms. 

Microphone: an input jack is provided for use with crystal or 
other high impedance microphones. 

Calibration: with the microphone disconnected and the Cal. 
button pushed, an 85 Hz signal ( i 6  cycles) of approxi- 
mately 4.5 millivolts peak is applied to the input stage. Cal. 
signal should be used only with the Cut-off Freq. switch on 
the 50 Hz filter position. 

Sensitivity (at 1000 Hz): not more than 10 pV rms input is 
required to produce 1 mV peak-to-peak signal going to the 
cardiograph input with Cut-off Freq. switch at 500 Hz, Sensi- 
tivity control a t  maximum and Record switch on PCG or 
Mix. 

The sensitivity of the unit a t  1000 Hz in the other filter 
positions is as follows: 

Input Signal to Produce 

+40 dB * 3 dB* 

+28 dB * 3 dB* 
+12 dB f 3 dB*  

Filter Switch 1 mV Peak-to-Peak 

100 Hz 
250 Hz 

*(referred to 18 flV rms input to amp). 

Frequency response: the high frequency cut-off is fixed for all 
filter positions down 3 dB at 2000 c/s with a slope of ap- 
proximately 12  dB/octave. The low frequency cut-off is down 
3 dB at 50, 100, 250, or 500 Hz depending on the position 
of the Cut-off Freq. switch. The filters roll off a t  24 dBJ 
octave. The response in the pass band is flat within k 3  dB. 

Envelope detection and modulation: both the positive and 
negative envelopes are detected and stored in capacitors with 
an approximate discharge time constant of 14 milliseconds. 
The envelopes are chopped at  an 85 Hz rate (+-6 cycles) 
and summed together. The 50 Hz position of the Cut-off 
Freq. switch is the only position that by-passes the modulator. 

Output: a maximum undistorted signal of 6 mV peak-to-peak 
is applied to the input of the cardiograph with the Record 
switch in PCG and the Cut-off Freq. switch in any position 
except 50 c/s. In the 50 c/s position the maximum undis- 
torted signal is 4 mV peak-to-peak. The output impedance 
is approximately 27 k. 

Size: 2 % ”  high, 10%” wide, 2-13/16” deep (58 x 270 x 72 
m m ) .  

Weight: 1% Ibs (0,79 kg) 

Power: 13.5 V at 2 mA, supplied by two 6.75 V internal bat- 
teries in series. (Easily checked by recording output voltage 
pulse on 500, using battery check pushbutton.) 

Prices: Model 1506A with Contact Microphone (14011A), 
Audiophone (62-1500-C9), and Output Cable to 500 Vis0 
(14017B), $450. Option 01, for use with Model 100 Vis0 
ECG (14021A Output Cable to 100 Viso, >-pin to 6-pin 
adapter to connect 100 Vis0 patient cable to 1506A), no 
extra charge. 
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Models 5601A; 350-15; 130 
Model 5601A Numerical Readout displays 3-digit values 

of four slowly-changing phenomena such as blood pressures; 
heart, pulse and respiration rates; and temperature. Each 
channel samples phenomena at a rate adjustable from once 
every 1.5 sec. to once every 10 sec. Input can be from 780- 
series monitors; 350, 760 or most other medical signal con- 
ditioners. Highly visible lighted numerals 0.6” high display 
values; left-hand channel can have a fourth digit, the nu- 
meral “1” only, as the most significant figure for tempera- 
ture in OF (see Option l o ) .  Illuminated decimal point in 
each channel can be manually positioned, and will blink to 
show rate of phenomena when connected to rate signal from 
760-3, or suitable 780-series monitor. Instrument can be 
ordered with user’s choice of sequence and type of phe- 
nomena according to options listed, and easily modified for 
other types or sequences by Hewlett-Packard field office. For 
multiple display, several units may be synchronized by inter- 
connection. Outputs available for H P  Model 562A Digital 
Recorder. Size: 16%” wide, 5-9/16” high, 165/S’’ deep 
(426 x 141 x 422 m m ) .  Weight:  30 Ibs (13,5 kg). Power: 
115/230 V, 50-60 Hz, 40 watts. Prices: 5601A sub-system 
(w/out readout modules), blue case, white panel, $700. 
Option 01, gray panel, no added charge. Following options 
are readout modules, any four of which added to sub-system 
make a complete unit: 02, Systolic, 0-300 mm H g :  $350; 
04, Venous, 0-30 mm H g :  $350; 05, Pulse, 0-300/min: 
$350; 06, Heart Rate, O-300/min: $350; 07, Mean, 0-300 
mm H g :  $350; 08, Temp, IO-40°C: $450; 09, Temp, 
30.O-45.O0C: 5450; 10 Temp, 90.0-105.0°F (Ch.  1 only) : 
$450; 11, Resp, 0-75/min: $350. 

Thermal Dilution System consists of a 14012A calibrated 
thermistor temperature probe, 350-1 5 calibrated bridge cir- 
cuit plug-in used in a 350-1500A Low Level Preamplifier, 
and for readout a Sanborn multi-channel recorder or Mose- 
ley single-channel 5” strip chart recorder. Cardiac output 
determinations may also be obtained by connection to a 
Model 130 Cardiac Output Computer (see below), The  
system permits estimation of left ventricular volume, by 
rapid and accurate measurement of the thermal dilution 
occurring at a point downstream from the injection site of 

sterile saline in a chamber of the heart. The technique and 
system allow estimation of left ventricular volume from 
beat-to-beat data; measurement without withdrawing or re- 
infusing blood; greater economy than dye dilution methods; 
excellent patient tolerance of indicator without baseline 
build-up or recirculation; and fast response to intracardiac 
dynamic changes. Thermistor probe is aged and selected for 
stability, individually calibrated and supplied with chart 
showing absolute temperatures to two decimal places corres- 
ponding to one-ohm increments between 1000 and 2999 
ohms. Probe is 1 2 5  cm long, 1 mm O.D. (0.39”) or  French 
scale 3. Prices: Model 14012A Thermistor Probe, 10’ cable, 
calibration chart: $190. Model 350-15 Thermal Dilution 
Plug-In (for 350-15OOA) : $265. Model 350-1500A Low 
Level Preamplifier and 350-500B Power Supply in 450 por- 
table case: (115/230 V, 50-400 Hz)  : $790. Less case, de- 
duct $90. Less Power Supply, deduct $175. 

Model 130 Cardiac Output Computer, used with most 
standard densitometers such as Gilford and Waters. or other 
indicator dilution device, automatically computes the area 
of the primary circulation curve, provides the calibration 
factor and continuously displays data in illuminated numer- 
ical form. By eliminating the need to re-plot the dye curve 

the user to make decisions regarding further measurements 
while the procedure is in progress. Cardiac output in liters/ 
min. is easily obtained by simply dividing totalized integra- 
tion count by the calibration factor. Continuous “on-line” 
operation provides all needed data in usable form slightly 
before completion of dye curve. Additional features of the 
130 include: a baseline sensing circuit to assure maximum 
integration accuracy of the primary circulation curve, and 
which also eliminates the necessity of zeroing the densi- 
tometer at the beginning of each dye curve; sufficient read- 
ability of numerals from a distance to permit remote opera- 
tion of Start and Reset controls; electrical binary coded 
decimal output suitable for printers, digital computers; and 
recorder output for graphic recording of the dye curve, Size: 
5%” high, 19” wide, 11” deep (133 x 483 x 280 m m ) .  
Weight: 21 Ibs (9,4 kg) .  Power: 115/230 V, 50-60 Hz, 
70 watts. Price: Model 130 Cardiac Output Computer, 
$1550. 

and manually compute the area under the curve, it enables / 
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DIGITAL DATA / g  ACQUISITION SYSTEMS DATA ACQUISITION 

Instrumentation systems can be cate- 
gorized into two basic classes: digital and 
analog. An analog system usually con- 
sists of a set of signal conditioning and 
measuring and recording equipment for 
each transducer. In a digital instrumenta- 
tion system, the measuring and recording 
equipment are sequentially used by the 
transducers; and for a given type of 
measurement, signal conditioning equip- 
ment may be shared. Depending on mea- 
surement specifications, scanning equip- 
ment also may be shared. 

Analog data systems are used when 
wide bandwidth is required or when less 
accuracy can be tolerated. Digital data 
acquisition systems are used when the 
physical process being monitored is 
slowly varying (narrow bandwidth) and 
high accuracy and low per-channel cost 
are required. 

Digital systems range in complexity 
from economical single-channel dc volt- 
age measuring and recording systems to 
sophisticated, totally automatic multiple- 
channel systems that measure all electri- 
cal parameters, compare against preset 
limits and even perform computation and 
decisions on the input signal. Systems are 
available with a wide range of speed and 
accuracy. Applications span individual 
data logging to high-speed automatic 
checkout. 

Since measurement requirements can 
change rapidly, data acquisition systems 
must have the flexibility needed for fre- 
quent change to cope with new problems. 
Da ta  systems produced by Hewlett-  
Packard’s Dymec Division employ stan- 
dard system-oriented instruments, per- 
mitting system modification or expansion 
to be made simply by changing instru- 
ments or adding appropriate new instru- 
ments. 

Where and why data systems 
are used 

Data acquisition systems, in general, 
are applied in many of the same situa- 
tions as digital voltmeters. Systems are 
generally used to measure analog signals 
originating in two different ways: 

1 )  Direct measurement of electrical 
quantities. This includes dc and ac volt- 
ages, frequency and resistance, and 
applies typically to areas of electronic 
component and subassembly testing, en- 
vironmental and QA testing. 

2)  Signal inputs from transducers 
which are in common use, Le., strain 
gage and thermocouples. Digital systems 
are generally found wherever multiple 
installations of transducers or electrical 

pickups are employed and are frequently 
referred to as data logging systems, 
whether measured data is prepared for 
computer entry or logged for manual 
study. 

Dymec data acquisition systems in- 
clude five basic series of standard pack- 
ages engineered for a variety of input 
and output situations. Specific advan- 
tages resulting from standard system de- 
sign include: 

Quick delivery. Since systems are com- 
posed of standard instruments and 
cables, standard production techniques 
can be rmployed. 

Better specifications. In that each sys- 
tem is a thoroughly engineered and com- 
pletely tested package. H P  can guarantee 
top system specifications. Systems are 
completely specified on a data sheet. 
Moreover, ease of system expansion is 
assured with a wide variety of options. 

Greater reliability - through the use 
of production techniques as applied to 
standard Hewlett-Packard instruments. 
These techniques have obvious advan- 
tages over the “one shot” system that has 
to be custom engineered and produced. 

Low price. Systems are composed ex- 
clusively of standard, systems-oriented 
instruments. Special system engineering 
prices are not required. 

Data acquisition systems 
The 2010 Series of systems (pages 

84-85)  measure dc voltage and frequency 
with both visual readout and permanent 
output recorded on printed strip, punched 
card or tape or magnetic tape. Optional 
equipment permits measurement of ac 
voltage, resistance, plus dc measurements 
of 2 1 0  mV full scale. Programmable 
high-low limit comparison can be accom- 
plished on any of the above parameters. 
System operation can be controlled by 
either pin-board or punched-tape pro- 
gramming. In this series the measuring 
element (analog-to-digital converter) is 
the floated and guarded 2401C Inte- 
grating Digital Voltmeter, which permits 
accurate low-level measurement even in 
the presence of severe common mode 
noise and noise superimposed on the 
measured signal. 

The 2013 Series (page 86), which in- 
corporate the 3440A Digital Voltmeter 
as the measuring device, provide mul- 
tiple-point scanning capability with out- 
put on printed strip, typewritten record 
or punched card or tape-at an econom- 
ical price. 

The 2015 Series (page 87)incorporates 
the 3460B Digital Volteter (page 228), 

as the analog to digital converter. The 
systems employ the input scanners and 
output devices common to the 2010 
Series, and feature high dc voltage mea- 
surement accuracy. 

The 2017 Series systems (page 9 2 )  
parallel the 2010 Series in regard to input 
and output devices and system auxiliary 
equipment. All systems incorporate the 
2417A Data Linearizer (page 82) to 
permit direct readout in familiar mea- 
surement units. These systems apply to 
areas of transducer measurement where, 
for example, display of thermocouple 
outputs in degrees rather than millivolts 
is needed. 

By incorporating a 2 116A small digital 
computer (pages 88-91) as a data sys- 
tem element, operation of the scanning, 
measuring and recording devices will re- 
spond to the input signal in a pre-de- 
termined manner. System components 
and functional operation are basically 
the same as a 2010 System. This type 
of data acquisition system offers flexi- 
bility in system programming, timing 
and sequencing, and computational 
chores can be done at the time of mea- 
surement-operational versatility is ex- 
panded manyfold. The system maintains 
all benefits of the modular system con- 
cept common to all Hewlett-Packard 
digital systems. 

Digital data system elements 
Elements making up a digital system 

may include all or part of those listed and 
illustrated. Essential functional opera- 
tions within a digital system include 
handling analog signals, making the 
measurement, handling digital data and 
internal programming and control. The 
function of each of the system modules 
illustrated is: 

Transducer 
Translates physical parameters to elec- 

trical signals acceptable by the data ac- 
quisition system. Typical parameters in- 
clude temperature, pressure, acceleration, 
weight, displacement and velocity. Elec- 
trical quantities such as voltage, fre- 
quency or resistance also may be mea- 
sured directly. 

Signal conditioner 
Provides excitation power to trans- 

ducer. As necessary, it also provides 
balancing, calibration and bridge comple- 
tion circuitry. An example is a strain 
gage bridge balance and power supply 
unit. 
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AUXILIARY EQUIPMENT 
Figure 1. 

Scanner 
Accepts multiple analog inputs and 

sequentially connects the signals to one 
measuring instrument. Inputs may be in 
the form of millivolt or high level ac or 
dc voltage, resistance frequency, period, 
time interval or events occurring in a 
specified time interval. 

Signal converter 
Translates the analog signal to a form 

acceptable by the analog-to-digital con- 
verter. An example is amplification of 
Ibw-level signals from thermocouples or 
strain gage bridges. 

Analog-to-digital converter 
Converts the analog signal to its 

equivalent digital form. Output is a vis- 
ual display and voltage outputs for 
further processing or recording on a digi- 
tal recorder. 

Auxi I iary equ i pmeri t , program mer 
Performs system programming and 

digital data processing functions within 
a system. Typical functions include hi-lo 
limit comparison, linearizing, manual 
data entry, time. 

Coupler 
Receives digital information from the 

analog-to-digital converter and translates 
it to the proper form for entry into a 
digital recorder. 

Digital recorder 
R e c o r d s  d i g i t a l  i n f o r m a t i o n  o n  

punched cards, perforated paper tape, 

magnetic tape continuous printed paper 
strips or typewritten pages. 

Data acquisition systems are used in 
many cases to measure low-level signals, 
and often these measurements must be 
made in the presence of large amounts 
of noise. A typical case would be the 
measurement of a millivolt level dc volt- 
age from a thermocouple, which is mea- 
sured in the presence of tens or even 
hundreds of volts of common mode. 
Other noise sources include electrostatic 
or electromagnetic pickup, and noise in- 
herent to the transducer. All forms of 
noise are seen by the digital voltmeter 
as a periodic and/or random disturbance 
superimposed on the real signal level. 

There are two ways of combatting 
noise: the voltmeter should be designed 
to discriminate the real signal from the 
superimposed noise appearing at its input 
terminals. Second, effort should be made 
to prevent these sources of noise from 
producing superimposed noise at the 
voltmeter input terminals. 

Noise inherent in the transducer will 
inevitably appear at the voltmeter input 
as superimposed noise. Electrostatic and 
electromagnetic pickup on the signal 
leads, both from the surrounding equip- 
ment and the voltmeter power supply 
circuits, will give rise to superimposed 
noise unless precautions such as shield- 
ing, avoidance of ground loops, etc., are 
taken. Common mode pickup, which is 
noise induced in the signal circuit by cir- 
culating ac ground currents, requires 
guarding techniques for its elimination. 

Guarding 
Induced ac ground currents, usually 

at the power line frequency, can generate 
a potential of several volts between the 
signal source ground and the voltmeter 
chassis ground. Unless blocked, these cur- 
rents will cause a voltage to appear at 
the voltmeter input which can easily be 
larger than the signal itself, resulting in 
a completely erroneous reading. This ef- 
fect is known as common mode ac pick- 
up. A conventional floating input can 
reduce common mode pickup to some 
extent, but it is limited in its effectiveness 
by the capacitance between the measur- 
ing circuit and chassis (Fig. 2a).  In 
addition, current injection from the volt- 
meter power supply can create a mea- 
surement error. Use of a heavy ground 
buss or shield usually will not reduce 
common mode pickup appreciably and 
may even increase it, due to magnetic 
pickup from the ground loop formed. 

Guarding as employed in the 2401C, 
346OB, and 3459A completely isolates 
the floating measuring circuit from the 
chassis; the guard effectively breaks the 
common mode loop (see Fig. 2b).  With 
the guard of the 2401c operated at the 
ground potential of the signal source, the 
common mode rejection (defined as the 
ratio between the common mode signal 
and the spurious voltage it causes to be 
superimposed on the signal to be mea- 
sured) exceeds 120 dB at GO Ht and 160 
dB at dc, with a groundleg' impedance 
of 1000 ohms between the source ground 
and the low side of the voltmeter input. 

The 2401C average-reading charac- 
teristic further attenuates the common 
mode voltage. To take a practical ex- 
ample, the combined effect of guarding 
and averaging is such that a common 
mode potential of 100 volts will not 
cause a discernible error in the 2401c 
reading, even on its most sensitive range. 

Guarding provides an absolute solu- 
tion to the problem of common mode 
pickup from grounded signal sources. 

plications where the alternative solution, 
floating the signal sources, would be ex- 
tremely troublesome. 

This is especially valuable in systems ap- / 
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Signal conditioners 

2480 Series Signal Conditioning Modules (page 563) 
provide dc excitation and signal conditioning for strain 
gage transducers, resistance thermometers and other variable 
resistance devices. They incorporate full floating and guard- 
ing, and are particularly useful in data acquisition systems 
having guarded digital voltmeters and data amplifiers, pro- 

2481A, 2480A 

291 lA,B,C 

- 
2901A 

viding maximum system accuracy and minimizing common 
mode noise problems. 

Excitation sources and the associated signal conditioning 
circuitry share the same instrument case. Ten instruments 
plug into'a combining case which occupies 51/4" (133 m m )  
of vertical panel space. 

Constant voltage, constant current, and "Linear" modes 
of operation are provided by a standard power supply card. 
Conversion from one mode to the other is by a switch. Regu- 
lation and stability of the power supply is exceptional. 

The 2480A excitation source is highly regulated. In  the 
constant voltage mode, changes in output voltage for load 
current change of 200 mA is <600 pV at full scale 30 V 
dc out, 300 pV at .1 V output. A line voltage change of 

from nominal causes <600 pv at 30 V output, 300 
p.V at .1 V output. Output voltage variation with tempera- 
ture change is <170 pV +0,005% of output per "C change 
in ambient. Instrument operates accurately in ambients to 
+55"C, and at humidities to 95% at 4OOC. A companion 
2482N Monitor Function Selector determines the parameter 
to be measured, excitation volts or current or signal. A 2480K 
Excitation Coupler replaces the power supply in each module 
and permits multiple signal conditioners to receive power 
from a common external supply. 

The 2481A Resistance Bridge module provides bridge 
completion and calibration circuitry for 1, 2 and 4 active arm 
bridges. 

Prices: are as follows: 2480A Power Supply, $245; 2480K 
Excitation Coupler, 535; 2481A Resistance Bridge, $65; 
2482N Monitor Function Selector, $125. 

Input scanners 
2911 Guarded Crossbar Scanner for rejection of common 

mode noise. User may select 600 1-wire, 300 2-wire, 200 
3-wire, or 100 6-wire inputs. Lower and upper scan limits 
selectable at front panel, with random access to any channel. 
Channel being monitored is indicated by in-line visual dis- 
play and 4-2'-2-1 BCD (optionally 8-4-2-1) oiltput. Roller- 
mounted switch withdraws from rear for easy cabling, Maxi- 
mum scanning rate is 30 channels/second. Panel height 14" 
(355 m m ) .  Price 2911, $4,650. 

2901A Input Scanner/Programmer scans 2 5  +wire inputs 
and programs all functions of associated system. May be 
expanded to 100 channels with 2902 Slave Units. Easy 
system set-up with individual quick-release input connectors 
and pushbutton selection of channels to be scanned. System 
functions and measurement delay are programmed indi- 
vidually for each channel with built-in pinboard. Maximum 
scanning rate is 1 2  channels/second. Panel height 7" (177 
m m ) .  Prices: 2901A Master, $2,375; 2902 Slaves (25 
channels each),  $1,975. 

2900B Input Scanner scans up to 50 1-wire or 25  2-wire 
inputs. Upper scan limit selectable at front panel. Channel 
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being monitored is indicated by in-line visual display and 
4-2’-2-1 BCD output. Maximum scanning rate is 2 5  
channels/second. Panel height 5%” (133 m m ) .  Price 
2900B, $1,420. 

2515A Digital Scanner transmits digital data from mul- 
tiple digital measuring instruments to a single recording 
device at a rate up to 10 sources per msec. The 2515A pro- 
vides for scanning, in programmable sequence, of electronic 
counters, nuclear scalers, digital voltmeters or complete dig- 
ital clocks. I t  couples their outputs into a single recording 
device such as a digital recorder, card or tape punch or mag- 
netic tape recorder. 

The  basic 2515A accepts up  to 12 digits of bcd data (10 
data digits, 2 source I D  digits) from up  to 3 sources. Modi- 
fications expand this to 6 sources. By bussing scanner output 
lines, data from 150 or more sources can be transferred to 
a single recorder. The  2515A interrogates all selected data 
sources in programmed sequence and transmits this data 
directly to recorder by solid-state switch. It accommodates 
a variety of input levels and provides uniform input to re- 
corder. Panel height 5%‘‘ (133 m m ) ,  Price 2515A, $4200. 

Signal converters 

2410B AC/Ohms Converter (page 227) used in conjunc- 
tion with 2401c Digital Voltmeter for measurement of ac 
voltages and resistances. Converter features floated, guarded 
input similar to voltmeter. Combined common mode rejec- 
tion is 110 dB at 60 Hz. 2410B is fully programmable for 
systems use. Converter function and range information in- 
cluded in voltmeter display and recording outputs. Panel 
height 7” (177 m m ) ,  Price: 2410B, $2,250. 

2411A Guarded Data Amplifier (page 2 2 7 ) .  This floated 
and guarded amplifier provides the 2401C Integrating Digi- 
tal Voltmeter with a full-scale input of mV, overrang- 
ing to +30 mV. Ideal for measurements of thermocouples, 
strain gage bridges and other low-level signal sources. Input 
impedance is greater than 1010 ohms. Combined common 
mode rejection with 2401C is 134 dB. 2411A features very 
low noise and zero drift, short settling time for fast data 
sampling. Panel height 3y2” (88 m m ) .  Price: 2411A, 
$1200. 

Analog-to-digital converters 
2401C Integrating Digital Voltmeter (page 225) .  Fea- 

tures floated and guarded input and is average-reading, lead- 
ing to an effective common mode noise rejection better than 
140 dB at all frequencies, including dc. Noise problems with 
grounded, low-level transducers are eliminated with the 
2401C. All operating functions may be controlled manually 
or by external contact closures to ground, enabling it to be 
used on the bench or in systems applications. BCD outputs 
provided for digital recording or comparison. Panel height 
7” (177 m m ) .  Price: 2401C, $3,950. 

2515A 

2410B 

2411A 

240 1 C 
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2539A 

2417A 

2509A 

2560A 

DATA SYSTEM ELEMENTS CONTINUED 
Instrumentation for system benefit 

Auxiliary equipment, programmers 

2 5 39A Digital Comparator compares BCD information 
against single or dual preset limits, providing (respectively) 
Hi/Go/Lo lamp indications and electrical outputs, Com- 
parisons take less than 3 msec. Instrument can be operated 
either manually or by external signals. The 2539A provides 
for 1 2  different comparison conditions, handles any com- 
bination of limit relative magnitudes and signs likely to be 
encountered in practical measurement situations. All solid 
state, features data storage for fast system operation. Panel 
height 3y2” (88 m m ) .  Price 2539A, $1,850 for 4- 
digit comparison, $1,950 for 5-digit, $2,050 for 6-digit. 

241 7A Data Linearizer. Arithmetic conversion of electri- 
cal values produced by transducers into familiar units such 
as rpm, psi, degrees C or F, is usually accomplished after the 
measurement either with a computer or manually using charts 
or tables. The  2417A permits direct display and recording 
of transducer outputs in engineering units at the time of 
measurement. Corrections provided are scale factoring, trans- 
ducer zero off-set and linearization. Readout is annunciated 
at the 2401C Digital Voltmeter. Digital techniques are em- 
ployed and the capability introduces no significant error into 
the system accuracy. Panel height 5%” (133 mm)  . Price: 
2417~4,  $2,650. 

2509A Digital Clock is a precision time source used to 
supply time information to the data system and initiate 
measurements at predetermined intervals. Time-of-day is 
available visually and as an electrical output for connection 
to a recorder. It supplies time information on demand, with- 
out ambiguities due to time changes, permitting associated 
system to operate independently of clock. The instrument is 
all solid-state, features pushbutton selection of timing out- 
puts at intervals from 1 second to 1 hour. Time reference 
derived internally from line frequency or from external 1 
pps signal. Provision for 100 kHz external reference op- 
tional. Easy manual or remote time set. 4-2’-2-1 BCD output. 
Panel height 5%” (133 m m ) .  Price: 2509A, $2,250.  

2911C Programmer is designed to operate with the 2911 
Guarded Crossbar Scanner. It offers a convenient means of 
storing and selecting, by channel groups, the system measure- 
ment function ( e.g., ac/dc voltage, resistance, frequency) 
and input range, and alsq enables channels to be skipped in- 
dividually. Programming is accomplished by inserting diode 
pins into internal program boards which are easily accessible 
from the front panel while the instrument is installed in 
position. 2911c  is all solid-state. Panel height 5ll%’’ (133 
m m ) ,  Price: 2911c,  $3,425. 

2560A Programmer reads instructions punched on paper 
tape and governs all aspects of system operation. Programmer 
selects measurement functions, scanner input channel on 
a specific channel or group-channel basis and controls 
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data recording. Also programs system comparator and 
governs data recording in accordance with comparison re- 
sult, Optional tape-search capability allows programmer to 
search for different instructions on tape in response to com- 
parison results and/or time information supplied by a digital 
clock. Operation of the entire system can be changed simply 
by changing programming tape. 2560A 15 all solid-state. 
Panel height 5%’’ (133 mm) .  Price: 2560-4, $3,380 
to $5,125, depending on options. Price includes tape reader. 

2116A Computer (page 88) provides a method for 
sophisticated system control. Timing and sequencing of the 
input scanner, measuring and recording devices is pro- 
grammed by the computer. I t  also performs the functions 
of limit comparison and code conversion usually accom- 
plished by separate individual instruments, Arithmetic ma- 
nipulation of data such as solving of single and multiple 
variable equations on stored or measured inputs from one 
or more channels is easily practical when the system includes 
this device. Convenience of operation and system pro- 
gramming and input/output flexibility are paramount in the 
design of this system element. Panel height 311/2” (798 
m m ) .  Price 2116A with 4096 word memory. $22,000. 

Output couplers, recorders 

2545 Coupler operates with Teletype BRPE 11 Tape 
Punch (Tally 420 Punch optional). Recording speed 110 
characters/second. Data storage feature permits new reading 
during recording cycle, for faster data sampling, Standard 
model accepts 10 input characters, produces IBM %level 
code. U p  to 16 input characters and other 5 to 8 - l e ~ e l  output 
codes optional. Simultaneous printer operation optional, All 
solid-state. Panel height 874‘‘ (222 inin), Price (including 
punch) : 2545, $3,900. 

Tape punch and spooler available in rack-mount form 
(2545C).  Panel slides up for access, Assembly rolls forward 
for easy tape loading and unloading. Panel height 12Y4” 
(310 m m ) .  Add $800 to price of 2545 set. 

2526 Coupler operates with IBM 526 Summary Punch. 
Standard model accepts 10 input characters, stores data to 
allow new reading during recording cycle for faster system 
operation. Format flexibility through IBM patchboard. 
Optional simultaneous operation of printer. All solid-state. 
Panel height (incl. junction panel) 10l/,’’ (266 mm) . Price: 
2526, $3,100. 

2546 Coupler operates with Kennedy 1406 Incremental 
Tape Recorder, (Optionally Kennedy 1506 or DS 3706) .  
Records in standard IBM 7-channel NRZI  code with tape 
format completely flexible as controlled by a diode pinboard. 
Accepts up to 1 2  BCD characters and records at 400 char- 
acters/second,asynchronous. Data storage permits fast data 
sampling, Simultaneous printer operation optional. All solid 
state. Panel height 5%” (133 mm) for coupler 12%’’ (310 
mm)  for tape deck. Price: 2546, $8,150. 

2545A 

2526A 

2546A 
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Features 
Accurate digital measurements of dc inputs down to 

Frequency measurements to 300 kHz 
Optional ac voltage measurements from 50 Hz 

Optional resistance measurements from 100 ohms to 

Average-reading characteristics minimizes 

a few millivolts 

to 100 kHz 

10 megohms full scale 

superimposed noise effects 

Application 
Dymec Data Acquisition Systems measure analog data 

derived from a number of sources, and display and record 
this information in digital form. T o  present the recorded 
information in its most useful medium, systems are avail- 
able with a choice of output recording devices. For direct 
reading by the operator, a printout on paper tape is pro- 
vided. If the data is to be entered into a computer, it may be 
recorded on punched paper tape, punched cards, or digital 
magnetic tape, as appropriate. A standard addition to the 
basic system allows measurements to be compared digitally 
against preset upper and lower limits; the comparison result 
is indicated visually and is included in the data recording. 
Another standard addition enables time-of-day to be re- 
corded along with the measurement data, and also permits 
the gathering of data at predetermined time intervals. 

2010A 

Typical inputs are dc and ac voltages, frequencies and 
resistances. It follows that Dymec Data Acquisition Systems 
may therefore be employed to  measure any combination of 
physical parameters that are convertible by transducers to 
these analog forms. Some examples are temperatures, pres- 
sures, velocities, accelerations, weights, and displacements. 

Digital techniques are used to obtain high measurement 
resolution and accuracy, high sampling speeds, and the 
ability to transfer the measured information easily to a wide 
1,ariety of digital recording devices. In particular, the 2010 
Series of data acquisition systems utilizes the 2401C Integrat- 
ing Digital Voltmeter as the digitizer. This instrument fea- 
tures a floated and guarded input, permitting accurate low- 
level measurements in the presence of severe common mode 
noise-a common problem with grounded transducers. 

By virtue of a large choice of standard optional features, 
the 2010 systems can be tailored to suit a wide range of 
analog measurement applications, and it is most likely that 
your requirements can be met by a completely standard, 
proven system. Meeting your needs with standard equipment 
means reliability, good delivery and cost savings for you. 
If a standard 2010 system does not exactly match your re- 
quirements, Dymec will supply modified versions, or advise 
other systems in the Dymec line that may be closer to your 
needs. Prinicpal characteristics of the 2010 Series systems are 
given in the specifications, 
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RANGE 

Specifications, 2010 Series 

MEASUREMENT RELATIVE HUMIDITY (AT 4OOC) 
CURRENT 70% S5% 

* % r d # I  * % I s  I * % r d g I  + % f s  

DC voltage measurements 
Noise rejection: 

Overall effective common mode rejection (ratio of common 
mode signal to its effect on digital display): 2010A, B, E, 
H :  100 dB at all frequencies, 100 dB at dc; 2010C, D, F, 
J: 130 dB at all frequencies, including dc (0.1 sec sample 
period);  amplifier option reduces CMR by less than 6 dB. 

Common mode rejection (ratio between common mode signal 
and voltage it superimposes on source): 2010A, B, E, H :  
85 dB at 60 Hz 100 dB at dc;.2010C, D, F, J: 110 dB at 
60 Hz 130 dB at dc, with 1000 ohms between ground and 
low side of input (resistances up to 10 k ) .  

Superimposed noise rejection (ratio of superimposed noise to 
its effect on digital display) : on 0.1 sec sample period, noise 
rejection is infinite to 60, 120, 400 Hz and all common noise 
frequencies. 

Voltage ranges: five ranges from 0.1 V to 1000 V full scale; 
polarity sensed and indicated automatically; amplifier (option) 
provides 10 mV full scale; auto-ranging available. 

Overranging: to 300% of full scale except on 1000 V range; 
input attenuator switched to 1000 V range if overload exceeds 
310%; reset automatically as scanner advances to next channel. 
or manually. 

Input impedance: 10' ohms on 10, 100, 1000 V ranges; 1 meg- 
ohm on 1 V range; 100 k on 0.1V range; 10' ohms with am- 
plifier option for inputs up to 10 V. 

Resolution: three fixed sample periods of 0.01, 0.1 and 1 sec. 
internal calibration source: * 1 V internal standard provided 

for self-calibration; voltage reference is derived from tempera- 
ture stabilized zener diode; drift less than *O.OOG%in 6 
months; internal standard may be compared against external 
standard; factory adjusted to better than *0.00?% absolute 
accuracy at 25°C; temperature effect t O . O O l %  /"C, 10 to 40°C. 

Overall dc accuracy for 2010 Systems: (specifications hold for * 10% line voltage change). 

Basic accuracy: l O . O l %  reading *O .OOS% full  scale t l  
digit ( 0  to ful l  scale); *0,025% reading +1  digit (at  3X 
full scale); applies to all ranges, 6 months operation; assumes 
daily calibration against internal standard, operating at 25°C. 

Temperature coefficient: *0.0015% reading per "C, 10 to 
5OoC, when calibrated against internal standard at operating 
temperature: ?0.002% reading *0.0005% full scale per " C  
(0.1 V range);  *0 .0027~  reading i.0.00027c full scale per 
" C  ( 1 J ~ O J ~ ~ ~ / ~ O O O  V ranges);  when not calibrated at oper- 
ating temperature, over range 10 to 50°C. 

Frequency measurements 
Range: 5 Hz to 300 kHz. 
Sample period: 0.01, 0.1 OK 1 sec. 
Accuracy: +1 digit * time base accuracy; stability of internal 

time base, f2/106 per week over +5"C temperature range; 
temperature effect, *100/106 over 10 to 50'C range; rear 
BNC and switch provided for external frequency standard; 
level, 2 V peak to peak into 1 . 2  k. 

_- 
HP model 2010A I 2010B I 2010E I 201 OH 

stepping-switch scanner; up to 25 3-wire inputs; to 100 
channels with slave scanners 
self-programming capability permits measurement of mixed 
types and levels of signals 

105 dB 

Number of input channels 

Programming 

Effective common mode 
noise rejection 

Measurement speed 5 channels 10 channels 1 channel 10 channels 
(max. dc volts meas.) per sec per sec per sec per sec 

printed perforated punched card digital 
Output paper tape paper tape (on IBM 526) magnetic tape 
Price $8,310 , $10,225 $9,425 I $14,475 

input sensitivity: 0.1 to 100 V rms (front-panel adjustment 0, 

Impedance: 10' ohms shunted by 250 pF. 

Noise rejection 

or 1 V negative pulses, 2 psec min. width 

AC voltage measurements (optional) 

Common mode rejection: 2010A, B, E, H :  75 dB at 60 Hz 
2010C, D, F, J: 100 dB at 60 Hz with 1000 ohms between 
ground point of source and low side of system input. 

Voltage ranges: same as for dc voltage measurements (optional 

Input impedance: 10" ohms on all ranges, shunted by 400 pF. 
Accuracy (steady state): 50 Hz to 10 kHz +-0.05% full scale * 0.1% of reading; 10 kHz to 30 kHz *0.06% full scale 

&o,z% of reading; 30 to 100 kHz * O . l %  full scalekO.2% 
of reading. 

Transient error: normal response (frequencies below 400 H z )  
output settles to *0.25% of final value in 550 msec; fast re- 
sponse (frequencies above 400 H z ) ;  output settles to *0.25% 
of final value in 200 nsec. 

amplifier not applicable) ; max. input, 750 V peak. 

Resistance measurements (optional) 
Noise rejection: resistance measurement circuit is guarded; ac 

common mode pickup on resistance measurements can be re- 
duced to negligible level by connecting guard to grounded end 
of test resistance. 

Ranges: six ranges from + lOO/lO' ohms ful l  scale. 
Overranging: to 300% of full scale on all ranges except 10 

megohm; input attenuator switched automatically to 10' ohms 
range if overload exceeds 310%; reset automatically as scanner 
advances to next channel or manually. 

Resistance measurement accuracy 
Specifications hold for -10% line voltage change, 6 months operation. 

Assume daily calibration against internal standard.  

2010c I 2010D 1 2010F I 20105 
guarded crossbar scanner; up to 200 3-wire inputs; also 
accepts 100 &wire, 200 3-wire and 600 1-wire inputs 
pinboard or punched tape programmer may be added to 
handle mixed types and levels of signals 

130 dB 

5 channels 9 channels 1 channel 18 channels 
per sec per sec per sec per sec 
printed perforated punched card digital 

paper tape paper tape (on IBM 526) magnetic tape 
I $10,660 , $12,500 , $11,700 , $16,750 

Ootions 

1 0.1 k I 10 m A  I .02 I .51 I .02 I .51 1 

t ime of dav: ac/ohms measurements: 10 mV full-scale sensitivitv: l imit ComDarison: Droerammers 

11 100 FA 

100 k 10 FA .02 

1 M  1 FA .03 

10 M 1 FA .12 

Figures d o  not include f 1 count display ambiguity. 
Overrange accuracy: convert %fs error to %rdg, add  to existing %rdg error. 
Temperature effect: .005%rdg 2 .001%fs, not calibrated at operating temp. 
(Per "C,  10 to 50°C) .004%rdg I .0005%fs, when calibrated at operating temp. 
Internal settling delay of lOOms reduces response error to .005% rdg. 

General 
Display: 6-digit in-line readout; polarity, decimal point mea- 

surement units, and overload; storage holds display between 
readings, switch permits display during count if desired; scan- 
ner provides in-line digital indication of channel being mon- 
itored. 
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Dymec 201 3 Series Data Acquisition Systems sequentially 
scan many analog sources, convert the data to digital form 
and measure and record it digitally. Ten different individual 
systems comprise the series. All 2013 Systems use the H P  
Model 3440A Digital Voltmeter (page 220) as the analog- 
to-digital converter. All provide a visual readout and perma- 
nent record of the measurement and channel identification, 
For descriptions of basic system functions, see page 78. 

Advantages common to all 2013 Systems, arising from 
use of standard, proven system elements in fully engineered 
systems; lowest cost, quick delivery, completely specified 
system performance, high reliability, 

For maximum usefulness, systems in the series differ in 
input accommodations and output recording devices, Models 
201 3A and J record on printed paper strip. Each printed line 
contains the data for one system input channel, including 
channel identification, data function (polarity) and indica- 
tion of decimal point location. 2013B and K provide a per- 
forated tape output, using an output coupler and a Friden 
SP-2 Tape Punch, to produce tape punched in standard IBM 
8-le1,el code. Models 2013c and L log typewritten records, 
using a coupler and an IBM Model B output writer. Records 
up to 2 5  channels per line. 2013D and 2013M produce elec- 
trical outputs suitable to drive IBM 024 or 026 Card Punch 
equipment, incorporating a coupler to serialize the binary- 
coded decimal output of the digital voltmeter, and present 
it in a form suitable for the card punch. 

iMany standard options are available. Any 2013 System 
will record 6 digits of time by adding a 24-hour digital 
clock. Options also provide input ranges of 100 mV and 
1 V auto-ranging and ac measurement capability. 

Specifications 

DC voltage measurements 
Voltage ranges: 10, 100, 1000 V full scale (max. input 

750 V ) ;  optionally 0.1, 1, plus above. 
Overranging: 5 %  all ranges except 1000 V,  indicated in 

display window and recorded. 
Range selection: manual at front panel standard all mod- 

els; optionally manual or automatic for all or the upper 
three voltage ranges. 

Auto-range change points: upwards at decade, down at 9% 
full scale. 

Input impedance: 10.2 megohms all ranges. 
Resolution: 4 digits. 

Ranges: 1, 10, 100, 1000 V full scale (max. input 300V 

Overranging: 5 %  all ranges except 1000 V .  
Range selection: manual. 
Frequency range: 50 Hz to 100 kHz. 
Input impedance: 1 megohm shunted by 500 pF. 
Accuracy: 50 Hz to 50 kHz, i 0 . 3 7 0  of reading t 0 . 0 0 1  

V i dc accuracy (above); 50 kHz to 100 kHz 
rt0.75cjC of reading i O . 0 0 1  V t dc accuracy. 

AC voltage measurements (optional) 

rms). 

2013B - 

20 13A 

General 
Input: single-ended (signal low must be connected to 

ground either at sourceor voltmeter) all models: 2013A 
through D ,  25 switched wire-pairs or 50 single wires; 
2013J through M, 25 3-wire shielded pairs. 

Prices: 2013~4,  $4495; 2013B, $5410; 2013C, $5645; 
2013D, $4420; 20131, $4850; 2013K, $5765; 2013L, 
$6000; 2013M, $4775. 

Options: 10 to 1000 V auto/manual range selector, add 
$135; 0.1 to 1000 V auto/manual range selector, add 
$450; time recording once each channel (2013A only), 
add $1775; rack mount Friden tape punch (2013B) 
add $800, time reading once each scan $1980. 

Accessories: Cabinets: 5060-2445 and 5060-2446 include 
power strip, switch, indicator lamp and cord, caster 
base, fan assembly, rear door, instrument-mounting rails 
and blank panels for unoccupied space, 5060-2445, 
$565; 5060-2446, $735; 5060-2451 same style, but in- 
cludes only rails and blank panels $300; 5060-3760 
is 1117A Testmobile (page 304) modified to accept 
instrument mounting rails, 5200. 
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Number'of input channels 

Programming 

DATA ACQUISITION SYSTEMS 
High accuracy digital data system 

2015  Series 

Stepping-switch scanner. Up to 25 3-wire inputs; to 100 channels 
with slave scanners. 

Self-pro ramming capability permits measurement of mixed types 
and of sienals. sienals. 

Guarded crossbar scanner. Up to 200 3-wire inputs. Also accepts 
100 6-wire, 200 3-wire and 600 1-wire inputs. 

Programmer may be added to handle mixed types and levels of 

Dymec Data Acquisition Systems are designed to mea- 
sure analog data derived from a number of sources, and 
to display and record this information in digital form. To 
present the recorded information in its most useful medium, 
systems are available with a choice of output recording de- 
vices. For direct reading by the operator, a printout on paper 
tape is provided. O n  the other hand, if the data is to be en- 
tered into a computer, it may be recorded on punched paper 
tape, punched cards, or digital magnetic tape, as appropriate. 

Exceptionally high accuracy is provided by the 2015 sys- 
tems through a new measuring technique employed in the 
H01-3460A Digital Voltmeter. This voltmeter uses a com- 
bination of the classic high-accuracy potentiometric tech- 
nique, combined with integration to  average out disturbances 
on the dc signal. Accuracy is within &-.004% of reading 
( + 2  counts in the least significant displayed digit) over an 
ambient temperature range of 20 to 3OOC. Readings are 
displayed to 5 digits of resolution (plus an overrange digit), 

The H01-3460A is guarded, such that common mode 
noise arising from circulating ground currents is greatly at- 
tenuated before reaching the voltmeter's input terminals. For 
example, common mode noise at 60 Hz is reduced by 85 dB 
(overall system specification). 

Additionally, the H01-3460A reduces noise superimposed 
on the signal by averaging. Cancellation of the usual hum 
frequencies of 60 and 120 H z  is virtually infinite. Combined, 
guarding and averaging provide an effective common mode 
rejection of 105 dB for any noise frequency. This figure 
corresponds to an error of less than 6 pV for 1 volt of com- 
mon mode noise. 

Measurement speed (Maximum, dc volts 
meas.) 

General Specifications 

In put circuit 
Floated and guarded signal pair for each channel. Signal pair 

and guard may be operated up to 500 V above chassis 
ground. 

Display 
6-digit Nixie63 readout. Polarity, decimal point, measurement 

units, and overload condition indicated automatically. 

Storage feature holds display between readings. Scanner 
displays channel number being monitored. 

5 channels 7 channels 1 channel 7 channels 5 channels 9 channels 1 channel 12 channels 
per sec. per sec. per sec. per sec. per sec. per sec. per see. Der sec. 

a B u r r o u g h s  C o r p o r a t i o n .  

output 

Price 

Operating modes 
On demand logging (single scan): system makes one mea- 

surement scan consisting of all selected channels on push- 
button or external command; Continuous Logging, Sys- 
tem repeats measurement scan continuously. No external 
triggering required. Single-Step Operation, System ad- 
vances channel by channel on pushbutton command. Sin- 
gle-Channel Monitoring, System is stepped manually to 
desired channel, then voltmeter is set to sample and record 
continuously. 

Output recording 
All systems record: Channel number ( 2  digits); Function 

(1 char.); Measurement (6 digits); Range (1 digit). 
In addition punched tape recording includes end-of-word 

character, and magnetic tape recording includes 2 blank 
characters at end of word. 

~~ ~ ~~~ 

Printed Perforated Punched card Digital Printed Perforated Punched card Digital 
paper tape paper tape (on IBM 526) magnetic tape Paper tape paper tape (on IBM 526) magnetic tape 

$8,160 $10,075 $9,275 $14,325 $10,510 $12,350 $11,550 $16,600 

DY-2015 Series Data Acquisition Systems 
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Hardware advantages: 
16 bit word length 
16 individually buffered I/O channels with automatic 

59 parallel, interrupting channels with priority control 
4096 word memory, expandable to 8192 words 

with optional plug-ins 
1024 word page size 2048 words directly addressable 
1.6 Fsec memory cycle time 
Dual, directly addressable accummulators 
Wide environmental operating tolerance 
68 basic one-word instructions 

priority interrupt 

Software features: 
Software package fully operable with 4096 word 

Extended ASA Basic FORTRAN Compiler 
Modular, flexible 1 /0  control system-allows 

Linking, relocating loader 
Assembly language programs may be linked to 

Utility routines-software configurator, debugging 

memory 

device-independent programming 

FORTRAN-generated code 

package, hardware diagnostics 

The Hewlett-Packard Model 2116A Computer is a versatile 
general-purpose digital computer designed to add computation 
capability to Hewlett-Packard data measuring and recording 
systems. The logical design and software follow conventional 

COMPUTER 
Add computation to digital measuring systems 
Model 2116A 

standards of computer usage and notation so that the 2116A 
may also be used as a free-standing device or in other types of 
systems. The hardware and software permit interfacing of 
real-time devices running asynchronously with respect to a 
program. 

The basic hardware package includes the processor unit 
(main frame) with 4096-word ferrite core memory. Standard 
options are available (1) to extend the capabilities of the basic 
instrument, and (2 )  input/output (I/O) options to add to the 
facilities of the basic 2116A Computer. 1/0 options are listed 
in table on page 91. Standard software packages are supplied 
when input/output capability is included as part of a purchased 
system. 

Standard computing data acquisition systems are available 
in specified configurations, which combine Hewlett-Packard 
digital scanning, measuring, and recording equipment with the 
2l l6A Computer. An example of this type of system is illus- 
trated at left. In this system the computer is programmed to 
exercise control over the data taking process and to perform 
computations on data measured by the system. Capabilities of 
available instruments include measurement of ac or dc volt- 
ages, resistances, frequencies, time periods, temperatures, gas 
pressures, nuclear events, etc., and scanning of multiple inputs 
using different scanning modes including specific channels on 
computer command. The functions of some instruments such 
as linearizers, comparators, scanner programmers, and output 
couplers are performed by the 2116A Computer. 

Additionally, special systems may be supplied to perform 
specific functions and tailored to individual requirements. 
Hewlett-Packard and other OEM instrumentation capabilities 
are utilized in this type system. 

Input/output system 
The flexible addition of input/output devices is a major user 

feature of the 2116A Computer. It can operate with up to 16 
input/output devices in its basic configuration; up to 5 5  chan- 
nels are available. 

The I/O system is simplicity itself. Peripherals can be added 
or deleted, and service priorities changed, on a plug-in basis. 
N o  wiring changes are involved. Even the software is modular 
-a software configurator allows the user to change his oper- 
ating system with minimum programming. 

Interface circuitry to run a specific peripheral is contained 
on one or more cards that plug into any 1/0 slot in the 2116A. 
All interface cards have identical pin assignments, and the 
computer backplane is uniformly wired. Interconnecting cables 
mate directly with the 1/0 interface cards reducing the num- 
ber of mechanical connections in the system, and minimizing 
the possibility of noise injection into the backplane. All peri- 
pherals draw their own power directly from the power line; 
the interface cards are powered from the computer’s internal 
power supply. 

Multichannel priority interrupt capability is included as a 
standard hardware feature in the 2 116A-an interrupt channel 
associated with a unique memory location is provided with each 
1/0 interface. Priority level for an input/output device is de- 
termined by the I/O slot into which its interface card is in- 
stalled, so priority levels can be rearranged simply by moving 
cards into different slots. Peripherals can also be programmed 
“in” or “out” by enabling or disabling the control bit associated 
with its 1 /0  address. The interrupt system also can be bypassed 
and all peripherals run under direct program control. 
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The 2 1 i6A multi-channel interrupt capability significantly re- 
duces the time involved in processing interrupt routines. In a 
multi-device system, the first useful instruction on a higher 
priority device is executed in less than 7 ,psec; with one I/O 
device, response time is less than 3 psec. The multi-channel 
interrupt feature and fast response promote efficient operation 
in a real-time environment, as in instrumentation systems. 

110 options for the computer are listed in the table on 
page 91. In most cases the option includes the peripheral as 
well as the interface cards and interconnecting cables. An ex- 
ample is the H P  2737A Punched Tape Reader, its interface 
card and cable. In some instances where the peripheral may be 
associated with more than one interface (or be subject to 
optional modifications of its own),  it is not included in the 
option. An example is the 2401c Integrating Digital Volt- 
meter, which requires one interface to transfer its data into 
the computer, and another interface to accept function com- 
mands from the computer. 

Machine organization 
The H P  2116A Computer has nine internal registers; eight 

of these are flip-flop (integrated circuit) registers, and the 
ninth consists of toggle switches for manual data entry. Con- 
tents of all but one of the flip-flop registers are available to the 
programmer and are displayed on the front panel. (See speci- 
fications for definition of registers.) 

Panel controls 
Switch register: 1 G  toggle switches for manually entering in- 

formation into the computer. 

Power: controls power input to computer. System is power fail- 
safe; contents of memory are not affected by switching power 
off and on. 

Loader: toggle switch which protects the block of memory 
(last 64 locations) which are normally occupied by the Basic 
Binary Loader. 

Preset: momentary switch to preset computer to fetch phase, 
turns off interrupt system and all 1/0 control bits, sets I/O 
flag. bits (Resets optional parity eiror indication.) 

Run: momentary switch to start operation at current state of 
computer, 

Halt: momentary switch to stop computer operation at end of 
current phase. 

Load memory: momentary switch to store contents of Switch 
Register into memory location specified by address in M- 
Register. 

Load A, load B: momentary switches to transfer contents of 
Switch Register into A or B Register, respectively. Compu- 
ter’s phase status is not altered. 

Load address: momentary switch to transfer contents of Switch 
Register into both P and M Registers, directing computer to 
desired address. 

Display memory: momentary switch to display, in T-Register, 

Single cycle: momentary switch to execute one machine cycle. 
contents of location specified by address in M-Register. 

Instruct ions 
The H P  2116A has 68 basic one-word instructions. 
These instructions are grouped in three types, described 

in the Instruction Repertoire Table. Combinations of the Reg- 
ister Reference microinstructions extend the total of different 
one-word, single cycle instructions to over 1000. 
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dnemonic 
AND 
XOR 
IOR 
JSB 
JMP 
ISZ 
ADA/B 
CPA/B 
LDA/B 
STA/B 
NOP 
CLE 
SLA/B 
A/BLS 
A/BRS 
RA/BL 
RA/BR 
A/BLR 
ERA16 
ELA/B 
A/BLF 
CLA/B 
CMA/B 
CCA/B 

CLE 
CME 
CCE 

S EZ 
SSA/B 

SLA/B 

INA/B 
SZA/B 
RSS 
STO 
CLO 
SOC 
sos 
H LT 
STF 
CLF 
SFC 
SFS 
MIA/B 

LIA/B 

OTA/B 
STC 
CLC 
!ference I 
examoie. 

Instruction repertoire 

Description 
‘And’ (M) to A; result in A 
Exclusive ’or’ (M) to A; result in A 
Inclusive ‘or’ (M) to A ;  result in A 
Jump to subroutine 
Jump, unconditionally 
Increment (M); skip i f  result zero 
Add (M) to A or B; result in A or B 
Compare (M) with A or B; skip if not equal 
Load (M) into A or B 
Store (A) or (B) into M ;  A, B unchanged 
No operation 
Clear E-Register 
Skip i f  least significant bit of A/B i s  zero 
A or B arithmeticleft shift one bit 
A or B arithmetic right shift one bit 
Rotate A or B left one bit 
Rotate A or B right one bit 
A or B left shift one,bit,(sign cleared) 
Rotate E right one bit with A or B 
Rotate E left one bit with A or B 
Rotate A or B left four bits 
Clear A or B 
Complement A or B (ones complement) 
Clear, then complement A or B (sets 

Clear E-Register 
Complement E-Register 
Clear, then complement E-Register 
(sets E to 1) 
Skip i f  E-Register is zero 
Skip i f  sign of (A) or (B) is zero 
(A/B positive) 
Skip i f  least significant bit of (A) or 
(B) is zero 
Increment (A) or (6) by one 
Skip if (A) or (6) is zero 
Reverse skip sense 
Set arithmetic overflow 
Clear arithmetic overflow 
Skip i f  arithmetic overflow clear 
SkiD i f  arithmetic overflow set 

A/B to - 1) 

Halt program 
Set flag bit of selected channel 
Clear flag of selected channel 
Skip i f  flag clear 
Skip i f  flag set 
Merge contents of selected channel into 
A or B (inclusive ‘or’) 
Load contents of selected channel into A 
or B 
Output from A or B to selected channel 
Set control bit of selected device 
Clear control bit of selected device 

- 
Time 
licrose 
3.2 
3.2 
3.2 
3.2 
1.6 
3.6 
3.2 
3.2 
3.2 
3.2 

- 

- 

Al l  
1.6* 

Al l  
1.6* 

All 
1.6 
- 

All 
1.6 

ruc t ions  can be combined t o  execute i n  1.6 psec. Th 
f t s  and ro ta t ions  up t o  8 places i n  1.6 psec total .  

* *Coded under l /O g k  
(M) =Con ten ts  of memory Locat ion M. 

Programming 
The H P  2116A Computer is supported by a full range of 

software, furnished on punched paper tape. The following 
software packages are supplied: 

FORTRAN compiler 
Assembler 
Symbolic editor 
Basic control system 
Hardware diagnostics 

All software packages will run in the minimum 2116A Com- 
puter system configuration - 4K memory and Teleprinter I/O. 
Programs prepared with the compiler or assembler are essen- 
tially independent of hardware inputjoutput configuration; the 
Basic Control System links these “device-free” programs to 
software elements which in turn drive the peripherals. The 
Basic Control System is made up to suit a particular system. 
An auxiliary software package allows user to change Basic 
Control System to fit different input/output arrangements. 
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151  14 13 12 11 1 1 0 1  9 8 7 6 5 4 3 2 1 0  
D/I  I Instruction I z/c I Memory address 

Register Reference Instructions 
15 14 13 1 2 1 1 1 1  10 1 9 8 7 6 5 4 3 2  1 0  

Reg. Ref.-Instr. I A/B 1 SR/AS I Micro- Instruction 
input/Output instructions 

15 14 13 1 2 1 1 1  ( 1 0  9 8 7 6 1 5 4 3 2 1 0  
1/0 Instr. I A/B I Instruction I 1/0 Select Code 

Full Address 
1 5 1 1 4  13 12 11 1 0 1  9 8 7 6 5 4 3 2  1 0  

Page Address Word Address D/I I 

I Sign I Integer 
Data, Double Precision, fixed point (31 bits & sign.) 

I 1 6  I i d  _ _ _ _ _ _ _ _ _ _ _  n l  I 15 ----- --- ---. 0 I 
I 1  - -  I" I .  ~ 

Sign I Most Significant Bits I I Least Significant Bits 
Data. Sinale Precision. Fioatina Point 

(Magnitude,'23 Uts & sign. Exponent,? bits & sign.) 
___-------- 0 15 ____ 8 7 _ _ _ _  1 r i p q q 5 j  sig. bits ponent Sign 

Sign Most sig. bits 
FORTRAN compiler: Accepts source programs written to 

ASA specifications for Basic FORTRAN (a standardized form 
of FORTRAN 11). It produces a relocatable machine language 
object program which can be loaded and executed under con. 
trol of the Basic Control System. Operable in 4K memory. 

Assembler: Translates symbolic source language instructions 
into an object program for execution on the computer. The 
source language provides mnemonic machine operation codes, 
assembly-directing pseudo codes, and symbolic addressing. The 
assembled program may be absolute or relocatable. Source 
program may be assembled as a complete entity, or divided 
into several sub-programs, (or a main program and several 
subroutines) each of which may be assembled separately. The 
loader of the Basic Control System loads and links relocatable 
programs; the Basic Binary Loader loads absolute programs. 

Symbolic editor: A program which enables use of the com- 
puter to simplify the correction or updating of an assembly 
language program or a FORTRAN language program, avoid- 
ing the process of manually repunching an entire program. 

Basic Control System: Provides an efficient loading, input/ 
output control and debugging capability for relocatable pro- 
grams produced by the HP-2 116A Assembler or HP-2 1 i6A 
Compiler. The system is modular in design and may be con- 
structed or modified to fit the user's particular hardware con- 
figuration. The following modules are provided. 

Relocating Loader : Links, initiates execution of relocatable 
object programs produced by Assembler or FORTRAN Com- 
piler. 

1/0 Control :Provides for general input/output device control 
and software buffered data transmission between I/O devices 
and memory. 

IJO Drivers: Provide the instructions necessary to operate 
specific input/output devices, and serve as an interface between 
the 1/0 Control system and the peripheral devices. 

Two other software packages are furnished for the prepara- 
tion of the Basic Control System Prepare Control System: 
Combines the Basic Control System component modules to- 
gether with equipment tables to generate a particular Basic 

Control System configuration. Debugging Routines: Interpret 
and execute machine instructions. 

Hardware diagnostics: Check out memory, arithmetic and 
logic unit and I/O system including peripherals. 

General specifications 
Type: general-purpose digital computer, with 1/0 system and modu- 

Memory: 
lar software organized for on-line instrumentation systems. 

Type: magnetic core. 
Size: 4096 16-bit word. Expandable to 8192 words with optional 

plug-in 4K module and associated cards. Maximum size 32,768 
words. (Parity bit included in standard stack.) 

Addressing: memory is organized in 1024-word pages, 2048 
words directly addressable. 

Speed: 1.6 psec. cycle time. 
Loader protection: last 64 locations of memory reserved for 

Basic Binary Loader. Front panel switch in 'Protect' position, 
prevents alteration of contents of these locations. 

Memory parity check (optional): permits parity checking with- 
in memory. Consists of one plug-in card for each 4 k of memory. 

Memory test (optional): enables memory to be tested inde- 
pendently of program control. Consists of one plug-in card. 

Arithmetic: parallel, binary, 'fixed point, two's complement. 
Speed: (subroutine operations except for Add) : 

Add 3.2 .use: 
Subtract 4.8 psec 
Multiply 150 Jclsec 
Divide 200 psec 
Floating point add 700 psec 
Floating point subtract 700 psec 
Floating point multiply 900 psec 
Floating point divide 1.1 ms 

panel lamps) : 
A-register: accumulator, input/output. ( 16 bits.) 
B-register: accumulator, input/output. ( 16 bits.) 
E-register: extend register, links A and B register; indicates carry 

OV-register: overflow register, indicates overflow from A or B 

T-register: transfer register, temporarily holds data transferred in 

P-register: program counter. ( 1 5  bits.) 
M-register: memory address register, holds address of next mem- 

ory location to be accessed (15 bits.) 
I-register: instruction register, decodes memory reference instruc- 

tions, holds indicators for zero/current page, directlindirect 
addressing (6  bits, 10-15.) 

S-register: toggle switches on front panel for manual data entry. 
Contents of register indicated by switch positions. (16 bits.) 

Registers: (contents except I and S registers displayed by front 

from A or B register. ( 1  bit.) 

register. (1  bit.) 

or out of memory. (16 bits.) 
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Canabilitv 

Instructions: 
68 basic, one-word instructions, in three types: 

Memory Reference (2-cycle) 14 
Register Reference (1-cycle) 41 
Input/Output (1-cycle) 13 

(Register Reference instructions are micro-operations, can be 
combined to form over 1000 one-word, single-cycle instructions.) 

59, 16-bit interrupting channels with priority control utilized 
through plug-in I/O interface cards ( 1  per channel); 5 5  I/O 
channels; 4 processor options. Main frame accommodates 16 cards. 
Servicing of interrupt request begins within 3 4sec with one 1/0 
channel, 7 Fsec for highest priority channel in multiple-channel 
systems. 

Software: 
Software (punched tape) furnished consists of: 

Input/Output: 

Compiler, ASA Basic FORTRAN (Extended) 
Assembler 
Symbolic Editor 
Basic Control System (BCS) 
Hardware Diagnostics 

(BCS is modular, includes configurator to permit adaptation by 
user to different 1/0 arrangements. Also includes debug routines). 

Physical specifications 
Ventilation: intake on sides and back at bottom, exhaust at top. 

Air flow 400 cfm. Heat dissipation 5500 BTU/hr. 

Price 
230 V/ 115 V/ 

Perinheral 50 HZ 60 HZ 

and inputs from 
keyboard or 

. -  
Similar to option 
above, but records 
and reads at both 
200 and 556 bpi 
Generates real time 
intervals in decade 
steps from 100 
Fsec to 1000 sec. 
Used as time t ick 
for software clock 
Interfaces 2116A 
with Bell System 
Data Phone service 
2116A accepts BCD 
data output from 
2401C Integrating 
Digital Voltmeter 

Accepts BCD data 
output from 3460A 
Digital Voltmeter 

Accepts BCD data 
from 3440A Digital 
Voltmeter 

02020 Tape Unit 15,100 
(with electronics 
and operator 
control panel) 

1,400 

Bell System Data - 
Set 103A * 
2401C Integrating 1,250 
Digital Vzltmeter 

3460A Digital 1,250 
Voltmete: 

3440A Digital 1,250 
Voltmeter * 

Heavy-duty 
teleprinter 
input/output 

Price 
230 V/ 115V/ 
50Hz 60Hz 

Similar to above, 2754A Teleprinter 
except heavy-duty (modified Teletype 
teleprinter. Recom- 

not 
available 

2,150 

3,150 

1,000 

1,000 

1,500 

4,150 

6,400 

Service access: front panel hinged at left side, permitting front 
access to input/output connectors, test switches, plug-in circuit 
boards, and panel wiring. Main chassis slides forward out of 
cabinet and swings to right. Permits front access to back plane 
wiring, power supply, fuses, and 115/230 V jumpers. 

Power: 115/230 V & l o % ,  50 to 60 Hz. Main unit power con- 
sumption with internal supply loaded to capacity by plug-in op- 
tions, 1600 W maximum. 

Environmental conditions: operates in ambient temperatures from 
0 to +55”C; relative humidity to 95% at 40°C. 

Installation: fully enclosed for use on bench, or may be mounted 
in standard 19-inch rack, using adapters furnished. Requires no 
special wiring, subflooring, or other special installation prepara- 
tion. 

Dimensions: 16%” wide, 31%” high, 183/8” deep behind panel 
(425 x 782 x 467 m m ) .  

Weight: (with all plug-in options installed): net 230 Ibs (104 
k g ) ;  shipping 330 Ibs (150 k g ) .  

Price: HP 2 1  16A, $22,000. 

4,600 

2,100 

3,100 

1,000 

1,000 

1,500 

4,150 

6,250 

Input/output options, HP 2116A 
(110 options, as defined, include coupling cards, interconnecting 

cable and peripheral; exceptions noted by *. Each I/O card occupies 
one address slot in H P  2116A Computer. 

High-speed 
punched tape 
input 
High-speed 
punched tape 
input 

Digital 
voltmeter 
programmer 
(2401‘2) 
Digital 
voltmeter 
programmer 
(3460A) 
Crossbar 
scanner 
programmer 

High-speed 
punched tape 
output 
Incremental 
magnetic 
tape output 
(1200 ft. 
reels) 

Incremental 
magnetic 
tape output 
Magnetic 
tape input/ 
output 

1/0 Option 
Dual-density 
magnetic 
tape input/ 
output 
Time 
base 
generator 

Data-phone 
interface 

mended where 
use exceeds 5 hrs/ 
day or 30 hrs/week 
2116A inputs from 2737A Punched 
punched tape at Tape Reader 
300/characters/sec. 
Similar to option 27378 Punched 
above, but reader Tape Reader- 
equipped with Spooler 
tape spooler 
Enables 2116A to 2401C Integrating 
program 2401C Digital V$tmeter 
Integrating Digital 
Voltmeter 
Enables 2116A to 3460A Digital 
program HP 3460A Voltmeter* 
Digital Voltmeter 

Enables 2116A to 2911 Guarded 
program 2911 Crossbar :canner 
Guarded Crossbar 
Scanner 
2116A records on 2753A Tape Punch 
120 characters/sec 
tape punch 
2116A records on Kennedy 1406 
IBM compatible, Incremental Tape 
$4 inch 7-channel Transport 
NRZl tape. Bit  
density 200 bpi, 
recording speed 400 
characters/sec 
Similar to option Kennedy 1506 
above, but reel Incremental Tape 
capacity 2400 feet Transport 
2116A records on, D2020 Tape Unit 
and reads from, (with daja 
IBM-compatible electronics and 
$4 inch, 7-channel operator control 
NRZ! tape. Bit  panel) 
densitv 200 bDi 

Digital 
voltmeter 
data 
interface 
(2401C) 
DVM 
data 
interface 
(3460A) 
DVM 
data 
interface 
(3440A) 
Counter 
Thermometer 
data 
interface 
(8 digits) 
Counter data 
interface 
(7 digits) 
Counter/ 
thermometer 
data 
interface 
(6 digits) 
Counter/ 
thermometer 
data 
interface 
(5 digits) 
Counter/ 
Thermometer 
interface 
(4-digits) 
not included ii 

Accepts data from 
%digit  counter 
and quartz 
thermometer 

Accepts BCD data 
from 7-digit 
counters 
Accepts BCD data 
from 6-digit 
counters and 
quartz thermometer 

Accepts BCD data 
from 5-digit 
counters and 
quartz thermometer 

Accepts BCD data 
from 4-digit counter 
Thermometer 
snd Quartz 
I/O option price 

5245L Electronic 1,250 
Counter, 2801A 
Quartz 
Thermometer 

5244L, 5285A 1,250 
Electronic Counters 

5201L, 5202L, 1,250 
5203L, 5232A, * 
5233L, 5533L 
Counters. 2800A , 
Quartz Thermometer 
5212L, 5214L, 1,250 
5223L, 5512A * 
Counters. 2800A 
Quartz 
Thermometer 
5211A/B Counter, 1,250 
2800A Quartz 
Thermometer 

* 

* 

- 
15,000 

- 
1,400 

- 
1,000 

1,250 
- 

- 
1,250 

- 
1,250 

- 
1,250 

- 
1,250 

- 
1,250 

- 
1,250 

- 
1,250 
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Number of input channels 

Programming 

DC voltage ranges 

The 2017 Series Data Acquisition Systems are an extension 
of the 2010 systems described on page 84, but are specifically 
designed for direct reading of transducer measurements. A 
2017 system sequentially measures the outputs of a number of 
transducers, which can be of similar or of mixed types. It dis- 
plays and records each measurement in the engineering units 
appropriate to the physical stimulus sensed by that transducer. 
Systems incorporate a 2417A Data Linearizer (page 80) in 
conjunction with a 2401C M70 Integrating Digital Voltmeter 
as the measuring device. 

Besides converting each transducer’s electrical output to 
physical units, the 2017 system is capxble of compensating for 
transducer “live” zero and non-linearity. 

This compensation is accomplished by inkroducing an ap- 
propriate preset count into the voltmeter’s counting decades. 
Because the voltmeter’s display decades are reversible offsets of 
both polarities can be handled for voltage (and optional re- 
sistance) measurements. Correction for transducer non-linearity 
is accomplished by approximating the transducer’s nominal 
response curve through a series of straight lines, each having 
a particular slope or scale factor, and an associated intercept 
on the readout axis equivalent to a display offset. The number 
of segments, their lengths, slopes and offsets depend on the 
particular transducer used, the extent of its non-linearity over 
the specified operating range, and the degree of “curvefit” 
required. 

The basic 2017 systems measure dc voltage and frequency 
(pulse rate) inputs or if dc voltage inputs are predominantly 
low-level (below 30 mV),  an optional 2411A Guarded Data 
Amplifier (page227) can be added to maintain high resolution 
readings. 

AC voltage and resistance inputs are accommodated with 
a standard optional addition to the basic system. A 2410B 
AC/Ohms Converter (page 227) .Other standard system options 
permit digital comparison (2539A Digital Comparator, page 
82) of the measured signal against pre-determined upper and 
lower limits, with comparison results indicated visually and 
in the data recording. Time-of-day can be added, with visual 
indication and recording in the permanent record, with a 2509A 
Digital Clock (page 82) .  Data recording at pre-determined 
time intervals is accommodated also with this digital clock. 
System programming options for the 2017C,D,F,J permit con- 
trol of all system operating and recording functions using diode 
pin programmers or punched paper tape reading programmers. 
2017A,B,E and H Systems contain program facilities as a part 
of their input scanner. 

201 7A 201 7 8  2017E 201 7 H  201 7C 201 7 0  201 7F 2017J 

stepping-switch scanner; up to 25 3-wire inputs; to 100 
channels with slave scanners 
self-programming capability permits measurement of mixed 
types and levels of signals 

100 mV to 1000 V in  5 ranges; overranging to 300% F.S. on 4 lower ranges; optional 10 mV f.s. 

guarded crossbar scanner; up to 200 3-wire inputs; also 
accepts 100 6-wire, 200 3-wire and 600 1-wire inputs 
punched tape or pinboard programmer may be added to 
handle mixed types and levels of signals 

Specifications, 2017 Series 
Input impedance: for dc volts measurements, 10 D ohms on 10, 

100, and 1000 V ranges, 1 M ohm on 1 V range, 100 k ohm on 
0.1 volt range, For acJohms 1 hf ohm shunted by 400 pF Input 
circuit: floated and guarded signal pair for each channel, Signal 
pair and guard may be operated up to 500 V above chassis 
ground. 

Operating modes: on demand logging, continuous logging, single 
step. . 

Resolution: three fixed sample periods of 1, 0.1, and 0.01 seconds. 
Output modes: printed record on 3” wide gaper tape at 59’2 

lines/sec.; punched tape, 8-level standard IBiM code a t  110 char- 
acters/sec. with Teletype BRPE 11 Punch, punched card, system 
couples directly to IBM 526 Summary Punch at a maximum speed 
of 17 characters/sec.; magnetic tape, standard IBM format, NRZI 
process on $$’‘ 7 track tape, with a bit density of 200 bits/inch 
(optionally, 556 bitsJinch) and a recording speed of 400 char- 
acters/sec. 

Operating conditions: ambient temperatures 10 to 50’C relative 
humidity to 95% at  40°C. 

Display 

output 

Price 

5 digits of data plus 1 overrange digit, measurement units, polarity, range, channel number. 

printed perforated punched card digital printed perforated punched card digital 
Paper tape paper tape (on IBM 526) magnetic tape paper tape paper tape (on IBM 526) magnetic tape 

$11,990 $13,785 $12,940 $17,990 $13,915 $15,690 $14,790 $19,840 

1 Frequency ranges I 5 Hz to 300 kHz I 



93 

HP 
Counter model 

__ __ 
~ 
~ __ 
~ 

~ 

RECORDERS DIGITAL RECORDERS, ACCESSORIES 
AND PLOTTING SYSTEMS & / 

Kit number Price 

Digital recorders 
It frequently is expedient or necessary 

to obtain permanent records of rapidly 
changing phenomena measured by elec- 
tronic counters, digital voltmeters or 
other digital devices. Often it is desirable 
to relate this permanent data record to 
time or translate i t  to analog form. 
Hewlett-Packard digital recorders and ac- 
cessories are designed for this purpose. 

Hewlett-Packard digital recorders are 
electro-mechanical devices which provide 
printed records of digital information 
from electronic counters, digital volt- 
meters, scaler-timers, etc. The two major 
H P  digital recorder categories are the 
20 line/sec Model 505OA, and the 5 line/ 
sec Models 560A, 561B, 562A and 565A. 
The common characteristics of all HP 
digital recorders are: (1  ) parallel entry 
(i.e,, the input data for all digits must 
be present at the time printing is com- 
manded); (2 )  a manual paper advance 
aids observation of last printout; ( 3 )  pa- 
per is 3” wide fan-folded tape (560A, 
561B, 562A and 565A also use roll pa- 
per) and is easily changed; ( 4 )  holdoff 
signals from the recorders (escept 5G5A) 
prevent external equipment from chang- 
ing input data while print wheels are 
being positioned, and a print command 
pulse is required from the data source to 
initiate a recorder print cycle; ( 5 )  
standby, momentary and print-on-com- 
mand operation is manually selectable; 
(6)  the recorders are designed for con- 
tinuous unattended operation; the print- 
ing mechanisms are designed for simplic- 
ity, durability, and trouble-free operation 
with little maintenance required. 

An analog output, suitable for driving 
either potentiometer or galvanometer re- 
corders is standard on the 560A and op- 
tional for those 562A’s with either 
1 - 2 - 2 4  or 1 - 2 - 4 4  BCD column boards 
installed. Analog output is very useful for 
continuous analog plots of data varia- 
tions such as oscillator drift where the 
important information is in the printed 
record’s last few digits. H P  can also sup- 
ply separate digital-to-analog converters 
(Models 580A and 581A, page 9 8 ) .  

20 line/sec Model 5050A 
This recorder accepts up to 20 columns 

of 4-line BCD data from 1 or 2 sources, 
and prints up to 18 of these columns at 
rates up to 20 lines per second. It is not 
necessary for all input data to be in the 
same BCD code; contact Hewlett-Pack- 
ard for details of mised-code operation. 

521 Series 521 D-95A 

522B-95A 

5238 523B-95A 

523D-95A 

524D-95A 

H P  405A-95C Adapter, connects 560A 
to 405CR Digital Voltmeter, $85. 

Model 561B 
The 561B requires a “10-line” input 

for each column of information from 
the data source; thus, each print wheel 
position is controlled by a separate line. 

Digital recorder kits for field installa- 
tion in HP counters are available to per- 
niit operation with the 561A: for 521D 
and 521E counters, kit 521D-95B, $ 4 5 ;  
for 523c, kit 523C-95B, $65; for 524C, 
kit 524C-95B, $165. 

Model 565A 
The H P  Model 565A is the basic 

printer mechanism used in the 562A, 
561B and 5GOA digital recorders. Data 
entry is parallel, and one line is needed 
for each position on each print wheel. 
Control cables and driving electronics 
must be fabricated for each 565A appli- 
cation. Front panel appearance of the 
565A is similar to the right-hand half of 
the 561B, and it  is 934’’ deep behind the 
front panel. 

Digital clocks 
For providing time-of-day reference to 

recorded data, all H P  recorders (except 
the 565A) may have a digital clock in- 
stalled. The HP Model 570A Digital 
Clock is used with the 560A Digital Re- 
corder, the 571B Digital Clock with the 
56lB Digital Recorder, and a special 
clock, the H03-571B, is used with the 
562A Digital Recorder. These clocks in- 
dicate time to 23 hours, 59 minutes and 
59 seconds in an in-line display. All time 
digits are available for printing. The lo- 
cation and number of time digits on the 
printed record are determined by connec- 
tor arrangements on the rear of the digi- 
tal recorders. Clocks also issue timing 
signals. 

Data plotting systems 
Data plotting instrumentation systems 

produce graphical plots from digital in- 
formation stored in punched cards, per- 
forated tape or magnetic tape as pro- 
duced by a 2010 Series or similar data 
acquisition system. The 2031 (page 9 4 )  
accepts data directly from magnetic or 
perforated tape, or operates from a 
punched card reader. Data also can be 
entered manually on a keyboard. 

When digital data is more meaningful 
in graphical form a tape editor, 2734B 
(page 9 4 )  is available to provide direct 
x-y graphical output of data recorded on 
magnetic or punched paper tape. With 
any of the data acquisition systems. you 
can measure - then play back imme- 
diately on a 2031 plotting system. No 
computer or other equipment or inter- 
mediate steps are required. 
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Type of input 

The Dymec 2031 Digital Data Plotting Systems provide 
easily read graphical presentations of digital data stored on 
punched card, paper tape or magnetic tape. A 2031 System 
is a valuable accessory to any computer installation, for 
both quick visual checks of the computer data and the produc- 
tion of accurate finished curves. Systems may also be used to 
plot data recorded on perforated tape or magnetic tape by a 
Dymec 2010, 2013, 2015, or 2017 Series Data Acquisition Sys- 
tem. This allows measurements to be examined immediately 
after acquisition without waiting for computer analysis. 

Three basic Systems are available, as outlined in the table. 
The punched card and tape systems can accept the comple- 
mentary input simply by addition of the appropriate input 
device. 

The heart of the 2031 Systems is the 2701A Point-Plot X - Y  
Translator or 2702A for line plots. These units convert digital 
information to analog voltages, and include control circuits to 
initiate card or tape readout and actuate the functions of the 
x-y recorder. Instruments are all solid state and feature modular 
plug-in construction. 

2031A 2031 C 2031 E 

punched perforated magnetic 
cards tape tape 

Plotting area 

Price 

10” x 15” on 11“ x 17” paper; optional roll chart. 

$9,490 $8,500 $15,670 

Options 

203 1 A 

~ 

Tape editor (2031C, E), line generation, cabinet I 

Specifications 
Punched card input (2031A): DY-2736A Card Reader reads 80- 

column punched cards in any format. 
Punched tape input (2031C): code: IBM 8-level; system can be 

modified to accept any code in 5- through %level at extra cost; 
tape size: 1” standard; front-panel control allows tape reader 
to handle 78’‘ or 11/16” tape for non-standard codes. 

Magnetic tape input (2031E): recording standards: IBhl com- 
patible; tape width: XI‘;  reel: diameter, IBM type; code: 
IBM BCD; format: as prepared by Dymec data acquisition system 
or standard computer subroutines. 

Keyboard input (all systems): manual keyboard for entering 4 
digit coordinates into x and y axes; key for sign included. 

Resolution: 4 digits (10,000 counts), sign accepted for both axes. 
Accuracy: overall system accuracy better than *0.15% f.s. ; repeat- 

ability better than *0.05% f.s. 
Point plotting speed: punched cards: 50 pts./minute max. ; perfor- 

ated and magnetic tape: 120 pts.,/minute max. (l/g” spacing). 
Line plotting speed (option): lines between points are drawn at 

4 inches per second; speed automatically reduced to 2 inches per 
second as point is approached, minimizing overshoot. 

Digit selection: any 4 consecutive digits from up to 11, supplied 
for each coordinate. 

Scale factor: continuous adjustment up to X20 for each axis (full 
scale may be varied from e9999 to 1000 counts). 

Zero shift: continuously-adjustable offset up to two full scale lengths 
for each axis, 

Zero suppression: switch-selected 2000-count increments. 
Operating conditions: specifications apply for ambient operating 

temperatures from $10 to +50”C; relative humidity up to 95% 
at 40°C; full accuracy after 30-second warm-up. 

Power: 115 V t IO%, 60 Hz, 250 W maximum. 
Optional modifications: (prices on request) sequential character 

selection: D-2 Character Printer; automatic character selection: 
2733A Character Printer and programming modification to x-y 
translator and recorder; automatic paper advance: includes auto- 
matic drive circuitry, for 10’’ x 15”  recorder (bench mount) only; 
card input: can be added to 2031C tape input systems to allow 
operation with punched card input; tape reader-spooler to 203 IC; 
rack mount recorder: 10’’ x 15” ,  no additional charge; line plot- 
ting, 2702A X-Y Translator; tape editor: 2734B, can be added to 
2031C,E Systems; no change to system required. 
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Advantages: 
Prints at 20 lines/sec. 
18 column capacity 
Input code versatility 
Few moving parts 
Quiet operation 

This latest H P  Digital Recorder (available Spring 1967) 
has been designed to be fully compatible with existing HP 
solid state equipment, A significant advance has been made 
in print capacity and rate; this recorder will accept up to 20 
columns of 4 line BCD data from one or two sources, and 
prints up to 18 of these columns at rates up to 20 lines per 
second. 

The 5050A permits mixed code operation in that it is 
not necessary that all input data be id the same BCD code. 
Contact H P  for further details. A further feature allows the 
recorder to be set up so that zeros that are not significant are 
not printed. 

The print drum (18 print wheels with 16  printing posi- 
tions each) rotates continuously, eliminating the stop-start 
operation of slower printers; an inked roller presses against 
the drum, constantly renewing the ink on the drum charac- 
ters (pressure sensitive paper operation is optional). The 
print cycle begins with a print command from the data 
source, a BCD code for each print position of the drum 
being compared with the BCD signal from the data source. 
In any column where the two agree, the print hammer is 
momentarily activated, pressing the paper against the char- 
acter. Asynchronous printing is hence a feature of this 
machine. 

The  reduction in moving parts resulting from this system 
leads to ultra reliable operation and easy maintenance. Par- 
ticular attention has been paid to ensuring that noise is as 
low as possible. 

The  data source is inhibited through the print cycle. 

Tentative Specifications 
Accuracy: identical to input device used. 
Printing rate: 20 lines per second, maximum, 
Column capacity: to 18 columns. 
Print wheels: 16 positions, numerals 0 through 9, -, +, A, 

Input requirements 
V, R,  *; other symbols available. 

Data input: parallel entry, BCD (1-2-2-4, 1 - 2 - 4 8  or 1-2- 
4-2) “1” state must differ from “0” state by at least 
4.5 volts but by no  more than 75 volts. 

Reference voltages: BCD codes require both “0” and “1” 
state references; reference voltages may not exceed 
& 150 V to chassis; input impedance is approximately 1 
megohm. 

Hold-off signals: both polarities are available simultaneously 
for BCD codes and are diode-coupled; 10 mA maximum 
load + 15 V open vircuit from 1 K source, -15 V open 
circuit from 1 kR source. 

Print command: + or - pulse, 6 to 20 volts amplitude, 
1 V/psec minimum rise time, 20 psec or greater in width, 
ac coupled. 

Transfer time: 50 msec. 
Paper required: HP folded paper tape (18,000 prints per 

packet with minimum spacing) H P  Stock No. 9281-0386 
or folded pressure sensitive paper. 

Line spacing: adjustable, 3.5 to 4.5 lineslinch. 
Inking: ink roller or pressure sensitive paper. 
Operating temperature: -20% to +65OC with pressure 

sensitive paper, + l o ” C  to 40°C with ink roll. 
Power: 115 or 230 V ~ 1 0 % ~  50 to 60 Hz, approx. 100 W 

idle, 190 W at 20 lines/sec. 50 Hz model with 20 prints/ 
sec available. 

Dimensions: cabinet: 163/” wide, 8y2“ high, 18Ygs” deep 
(426 x 226 x 467 m m ) .  

Weight: net 40 Ibs (18  kg) , 

I 
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DIGITAL RECORDER 
Flexible data input with information storage 
Model 562A 

562A with analog output option. 

HP Model 562A Digital Recorder is a solid-state electro- 
mechanical device providing a printed record of digital data 
from any of a number of sources. Parallel data entry and low- 
inertia moving parts allow printing rates as high as 5 lines per 
second, each line containing up to 11 digits. Twelve-digit ca- 
pacity is available on special order. 

Data  enter the unit through rear-mounted 50-pin connectors. 
Internal plug-in connectors route the information to any de- 
sired sequence of print wheels. A separate storage binary unit 
is associated with each individual print wheel for 4-line BCD 
input codes. 

Model 562A may be equipped to translate 1-2-2-4 BCD, 
other 4-line codes or 10-line code by substituting plug-in column 
boards and input connector and cable assemblies, 

Specifications 
Accuracy: identical to input device used. 

Printing rate: 5 lines per second, maximum. 

Column capacity: to 11 columns (12 available on special order). 

Print wheels: 12  positions, numerals 0 through 9, a minus sign and 

Input requirements 

a blank; other symbols available. 

Data input: parallel entry, BCD (1-2-2-4, 1-2-48 or 1-2-4-2) or 
10-line, see Options; “1” state must differ from “0” state by at 
least 4 volts but by no more than 75 volts . 

Reference voltages: BCD codes require both “0” and “1” state 
references ; 10-line codes require reference voltage for “0” state; 
reference voltages may not exceed +150 V to chassis; input 
impedance is approximately 270 K ohms. 

Hold-off signals: both polarities are available simultaneously for 
BCD codes and are diode-coupled; 10 mA maximum load + 15  V 
open circuit from 1 K source, -5  V open circuit from 2.2  K source 
( 160 msec hold-off is provided for 10-line codes). 

Print command: f or - pulse, 6 to 20  volts amplitude, 1 V/psec 
minimum rise time, 20 psec or greater in width, ac coupled. 

Analog output (optional): (from 1-2-2-4 or 1-2-4-8 boards) ac- 
curacy is *0.5% of full scale or better; 100 mV for potentiometer 
recorder; 50 K ohm minimum load resistance; 1 mA into 1 .5  K 
ohm maximum for galvanometer recorder. 

Transfer time: 2 msec for BCD codes. 

Paper required: HP folded paper tape (15,000 prints per packet 
with single spacing) HP Stock No, 56OA-131A or standard 3-inch 
roll tape. 

Line spacing: single or double. 

Power: 115 or 230 V +lo%, S O  to 60 Hz, approx. 130 W. (4 
prints/sec at 50 Hz; 50 Hz model with 5 prints/sec available.) 

Dimensions: cabinet: 20%’’ wide, 121/~‘’ high, 18%” deep (527  x 
318 x 470 mm) ; rack mount: 19” wide, 10-15/32” high, 16%‘’ 
deep ( 4 8 3 x 2 6 6 ~ 4 1 9  mm). 

Weight: net 35 Ibs (16 kg), shipping 80 Ibs (36 kg) (cabinet) ; net 
30 Ibs (13 kg), shipping 63 Ibs (31 kg) (rack mount). 

Price: HP 562A, $1085 (cabinet) ; H P  562AR, $1060 (rack mount) ; 
basic unit with 11-column capacity; column boards, input con- 
nector assemblies and cables required for operation are not in- 
cluded, see Options. 

Options, Group 1 
(Completely equips 562A for operation with Hewlett-Packard and 

Dymec instruments.) 
Option 11. For 6-column operation from 1-2-2-4 “1” state posi- 

tive code, add $540 
Option 1 2 .  For 9-column operation from 1-2-2-4 “1” state posi- 

tive code, add $765. 
Option 13. For 11-column operation from 1-2-2-4 “1” state posi- 

tive code, add $993. 
Option 14. For operation with 5245L; 10-column operation; 

prints measurement unit and indicates decimal position - e.g., 
16942.496 kHz would be printed as 3 kHz 16942496; the first 
digit shows how far to move the decimal to the left; add 5865. 

Options, Group 2, column boards 
Option 21. 1-2-2-4 “1” state positive, $75 each. 
Option 2 2 .  1-2-4-8 “1” state positive, $75 each. 
Option 23. 1-2-4-8 “1” state negative, $75 each. 
Option 24. 1-2-2-4 “1” state negative, $75 each. 
Option 25. 10-line “1” state positive (no storage), $50 each. 
Option 26. 10-line “1” state negative (no storage), $50 each. 
Option 27. 1-2-4-2 “1” state negative, $75 each. 

NOTE: Input connector assemblies and input cables (Group 3 
options) are required for use with Group 2 column boards. 

Options, Group 3, connector assemblies 
Option 30. BCD input connector assembly for up to 9 columns, 

Option 31. BCD input connector assembly for up to 6 columns, 

Option 32. Input cable, for up to 10 BCD coluinns or three 10- 

Option 33. 10-line input connector assembly for up to 3 columns, 

Option 34: BCD input connector assembly for up to 10 columns, 

NOTE: More than one input connector assembly and input cable are 
required for: 1. more than nine BCD columns; 2. operation from 
two sources: 3. more than three 10-line columns. 

$55. 

$43. 

line columns, $35. 

$35. 

$60. 

Options, Group 4 
Option 41. Analog output (from 1-2-2-4 boards), $175. 
Option 42. Analog output (from 1-2-4-8 boards), 9175. 
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Similar in operation to  the  HP 562A, the  560A accepts on ly  
para l le l  en t ry  staircase inputs,  a n d  the  HP 561B accepts only 
10-line decimal code inputs.  T h e  560A also supplies a n  ou tpu t  
(0.100 m V ,  0-1 m A )  fo r  ana log  recordings of any  3 adjacent 
digits. T h e  HP 565A Printer Mechanism is mechanically s im-  
i lar to  the  mechanism in the  5 6 0 ~ 4 ,  5 6 l B  a n d  5 6 2 ~ 4 ,  a n d  is 
useful in cus tom systems. 

Specifications, 560A, 561B 
Column capacity: 11 columns (12 available on special order).  
Print rate: 5 lines per second. 
Print wheels: 12 positions having numerals 0 through 9, a minus 

sign, and a blank; other symbols are available on special order. 
Input: 560A: parallel entry staircase voltages, staircase descends 

from $135 V at count of zero to + 5 5  V at count of nine; 561B: 
decimal code, 10 lines, plus 2 lines for blank and minus sign 
for each column. 

Driving sources: 560A: H P  electronic counters which have stair- 
case output recorder kits installed, 405A-95C Adapter, or other 
sources providing appropriate input voltages; 561B: H P  elec- 
tronic counters (521D, 521E, 523C, 524C; pages 522 to 526) with 
recorder kits, 405CR Digital Voltmeter, stepping switches, relays, 
beam switching tubes, contact closures, or -15 to -100 volts 
connected to appropriate input wire. 

Print command signal: 1 1 5  volts peak, 10 psec or greater in 
width, 1 V/psec minimum slope; manual control with momentary- 
contact switch. 

Line spacing: zero, single or double; in “zero” does not print, paper 
does not advance. 

Paper required: 560A-131A folded paper tape or standard 3” 
roll ; tape sufficient for 15,000 single-spaced lines, 

Power: 115 or 230 volts * 10% approximately 75 watts. ( 2 5 0  
watts for 560A) 50 to 60 Hz ( 4  prints/sec maximum at 50 H z )  : 
50 Hz model available which retains 5 print/sec capability. 

Dimensions: cabinet: 203/4” wide, 12%’‘ high, IS$’*’’ deep (527 x 
324 x 470 mni) ; rack mount: 19‘‘ wide, 10-15/32” high, 16%“ 
deep (483 x 266 x 419 m m ) .  

Weight: 560A: net 63 Ibs ( 2 8 , 5  kg) ,  shipping 81 Ibs (36,s kg)  
(cabinet): net 55 Ibs (25 kg ) ,  shipping 78 Ibs (35,5 kg) 
(rack mount ) .  561B: net 35  Ibs (19,7 k g ) ,  shipping 70 Ibs ( 3 1 , 5  
kg)  (cabinet); net 30 Ibs (18 k g ) ,  shipping 65 Ibs (29,2 kg) 
(rack mount ) ,  

Accessories available: 560A-131A folded paper tape, 24-packet 
carton, $20 ; 560A: 9283-0602 inked ribbon, 93.50, 560A-16P 

Extension Cable, 6 ft.  (1830 nim) long, 20-conductor. $65, 
560A-16Q Extension Cable, 6 ft.  (1830 m n i )  long, 26-conductor, 
$ 8 5 ;  561B: 561B-16A Cable, 6 ft., 6 columns, $100, 561B-95D 
Connectors (mates with J l O l  or J102),  $8.50, 

Accessories furnished: 560A and 561B: 9281-0018 folded paper 
tape, one packet, 9283-0002 inked ribbon, 560A-95N Digital 
Recorder Service Ki t ;  560A: 560A-16H Cable, accommodates 
8 columns, connects to Option 01.-equipped H P  xacuum tube 
counters and 405CR Digital Voltmeter; 561B; 561B-16A Cable, 
accommodates 6 columns, connects to Option 02.-equipped vacuum 
tube counters. 

Price: H P  560~4, $1400 (cabinet); H P  56OAR, $1385 (rack 
mount) ; additional 560A-58 Plug-in Comparators (one required 
per column; 6 furnished), $125 each; H P  561B. $1150 (cab- 
ine t ) ;  H P  56IBR, $1135 (rack mount).  

Specifications, 565A 
Number of columns: 11 (12 available on special order),  
Data entry: parallel entry to all columns; one line required for each 

Maximum print rate: 5 lines per second, 
Standard characters: 0 through 9, minus sign and blank (others 

available on special order) ; dimensions: approximately 0.085” 
wide, 0.1’’ high. 

position of each print wheel to be operated. 

Column spacing: %‘‘. 
Line spacing: 5/32” single space; 5/16“ double space. 
Power 

Motor: 1 1 5  V l o % ,  60 W, 50 t o  60 Hz (50 Hz provides 4 
prints/sec max. ) ,  

Clutch solenoid: 240 to 260 Vdc ,  75 mA (operates for approx. 
15  msec to start printing cycle) ; coil designed for vacuum tube 
switching networks; lower voltage coils are recommended and 
a\ailable on special order for transistor switching. 

Pawl magnets: 60 to 70 Vdc, 1 5  mA (nperate when needed dur- 
ing printing cycle) ; coils designed for vacuum tube switching 
networks; lower voltage coils are recommended and alailable 
on special order for transistor switching. 

Dimensions: 9%” high, 8%” wide, 9%“ deep (248 x 213 x 248 

Weight: net 15 Ibs ( 7  kg )  ; shipping 20 Ibs (9 k g ) ,  
Price: H P  565A (with high-voltage clutch and pawl coils for vacuum 

tube drive), $750; for 115 V,  50 Hz operation with 5 prints/sec 
capability specify H27-565A, $763; for 230  V, 50 Hz operation 
with 5 prints/sec capability specify H24-565A, $765. 

m m ) .  Appearance similar to right-hand half of 56lB. 
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Digital - to-Analog Converters make  possible automatic,  high-  
precision analog records f rom electronic counters,  digital  volt-  
meters and  other  devices providing the proper  4-line B C D  ou t -  
p u t  code. These converters operate directly with HP Quar t z  
Thermometers ,  HP Nuc lea r  Scalers and  most  HP solid-state 
counters ;  ou tpu t  kits are  available for  HP vacuum tube coun-  
ters. Since the digital-to-analog converters tolerate a wide range 
of input  voltages, they are  suitable for use with other tube and  
solid-state devices. 

O u t p u t  signals for  s t r ip-chart  or x-y recorders of both the 
potentiometer and  galvanometer types a re  available, and  con- 
trols for recorder calibration and  zero adjustment  are  provided. 
A 50-pin connector accepts 4-line da t a  f rom a max imum of 
nine decade counting units. Th i s  information is transferred to 
storage binary units upon receipt of a command  pulse f rom the 
counting source. T h e  stored da ta  are  then translated a n d  
weighted to provide the proper  analog ou tpu t  voltage or current.  

Specifications, 580A, 581A 

tance 20 K ;  calibrate control; dual banana plugs front and rear; 
typical 5 mV residual output at "000". 

Galvanometer output: 1 mA full scale into 1500 ohms; zero and 
calibrate controls; phone jack front and rear. 

Driving source: parallel entry 4-line BCD, 1-2-2-4 ( 9  digits maxi- 
mum) ; "1" state f 4  to +75 volts with reference to "0" state. 

Reference voltages: reference voltages required for both the "0" 
and "1" state, reference voltages not to exceed i- 150 V to chassis. 

Command pulse: positive or negative pulse, 20 Isec or greater in 
width, 6 to 20 volts amplitude. 

Transfer time: 1 millisecond. 
Power: 115 or 230 volts * l o % ,  50 to 1000 Hz, 11 watts. 
Dimensions: 580A (rack mount) :  16%" wide, 3-15/32" high, 

111/4'' deep ( 4 2 5  x 88 x 286 m m ) ;  581A: 7-25/32" wide, 
6-3/32" high, 8" deep (198 x 155 x 203 m m ) .  

Weight: 580A: net 13 Ibs ( 6  kg ) .  shipping 16 Ibs (7.2 k g ) ;  581A: 
net 8 Ibs (3,5 kg ) ,  shipping 13 Ibs ( 6  k g ) .  

Accessory furnished: 562A-16C Cable, 6' (1830 mm) long with 
an Amphenol 57-30500 connector at each end Accuracy: 0.5% of full scale or better. 

Potentiometer output: 100 mV full scale; minimum load resis- Price: HP 580~4, $525; HP 581A, 4525. 

581A, Moseley 680 Recorder 5718  with 561BR Recorder I 
~~ 

T h e  570A. 571B Diei ta l  Clocks. which moun t  in the left  side Time print format 
of the HP 560A a n d  ?61B Digi ta l  Recorders (page  9 7 ) ,  pro- 
vide t ime-of-day information and  control t he  rates a t  which 
measurements  a re  made.  T h e y  indicate t ime in hours,  minutes 
and  seconds (24-hour  basis)  in a n  in-line display. All time 
digits displayed a re  available for printing. Clocks may  be or- 
dered installed in the respective recorders. In addition, a modi- 
fied 571B (H03-571B)  is available for use with the HP 562A 
Digi ta l  Recorder (page  9 6 ) .  

Indication: 6-in-line digital display tubes indicate to 23 hours, 50 
min, 59 sec; 12-hour format available on special order. 

Time base: front-panel time-base switch selects: ( 1 )  60 Hz (50 
Hz available on special order),  ( 2 )  counter ( 1  pps, HP vac. tube 
counters), ( 3 )  external ( 5  V positive pulses, 200 psec long, 1 
pps;  input impedance approximately 500 ohms).  

Specifications, 570A, 571B 

570k :  time format determined by wiring of program plug at rear 
of 560A (serves all 11 cols.), normally prints six time digits 
on left side of paper;  blank also programmable in any single 
column. 

571B: six time digits recorded in right-hand columns of 561B 
with clock connected to J l 0 1  on 561B; with clock connected 
to J102, time records in the five left-hand columns without 
tens-of-hours. 

562A: recording format (all columns) is set-up by plug-in con- 
nectors and column boards in 562A. 

Weight: net 20 Ibs ( 9  kg)  ; shipping 28  lbs (13 kg) 
Power: ac and dc supplied by digital recorder, approximately 1 5  

Price: HP 570A, $1050; HP 571B, $1000. 

your nearest HP sales office when ordering. 

watts (normally wired to operate on 60 Hz) .  

Because of many options for the 570A and 571B, please contact 
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The Cartesian coordinate graph is one 
of the most efficient means ever devised 
to portray related data clearly. Modern 
x-y recorder speed data interpretation by 
producing such graphs quickly. An x-y 
recorder automatically and conveniently 
plots the value of an independent vari- 
able versus a dependent variable, di- 
rectly on conventional graph paper, 
working from readily derived electrical 
signals. 

Many years of experience by the Hew- 
lett-Packard Moseley Division in pioneer- 
ing and manufacturing x-y recorders has 
provided features which make Moseley 
Division recorders the most useful of 
their kind. Among advanced features are: 

Autogrip@ electric paper hold- 
down, with no moving parts 

inputs with I-megohm null 
loading 

calibrated multi-scale ranges 
dc sensitivity to 100 pV/inch 
ac sensitivity to 5 mV/inch 
zero offset up to 4 scale lengths 
140 dB dc common mode rejec- 

120 dB ac common mode rejec- 
tion 

tion 

Basic operation of x-y recorders 
The x-y recorder uses electrical servo 

systems to produce a pair of crossed mo- 
tions, moving a pen so as to write pre- 
cise x-y plots. It consists of basic balanc- 
ing circuits, plus auxiliary elements to 
make the instrument versatile. 

A self-balancing potentiometer circuit 
compares an unknown external voltage 
with a stable internal reference voltage. 
The difference between these voltages is 
amplified and applied to a servo motor to 
drive a potentiometer in a direction that 
will null any difference or error voltage. 
Accuracy of plots made by this principle 
is typically 0.1%. The full-scale range 
of the recorder for each axis is obtained 
with input signals as low as fractions of 
a millivolt. Thus, the output of many 
low-level devices, such as thermocouples 
and strain gages, may be plotted directly 
without additional amplification. 

A stepped attenuator or range selector 
is included for each axis, so voltages as 
high as 500 volts may be handled direct- 
ly. Input resistance is at least 200,000 
ohms per volt, with higher values, includ- 
ing constant I-megohm input resistance, 
available on some models. Sensitivity may 
be as high as 100 ,pV per inch for dc, 5 
m V  per inch for ac. 

Zeroing potentiometers permit the user 
to locate the plotting origin as desired 

by inserting an offset voltage. With these 
controls the zero of either axis, or both, 
can be extended or suppressed up to four 
full-scale lengths on some models, so 
plotting may be carried out in any de- 
sired quadrant. 

To  fit the range of the recorder’s re- 
sponse exactly to the coordinates of the 
paper in use, or to the units of measure- 
ment desired, a continuously adjustable 
range control may be switched in as a 
substitute for the calibrated control. 
Thus, the response range of the recorder 
can be adjusted smoothly to match, for 
example, some calibrated maximum from 
a transducer, so the paper’s coordinates 
directly correspond to the desired units of 
measurement (psi, “C, etc.). 

Since it is often desirable to plot a 
function against time, a time base sweep 
circuit is supplied or made available as 
an accessory. (Model 17108A) 

Accessories and options 
The range of accessories offered for 

Hewlett-Packard Moseley Division re- 
corders exceeds that offered by any other 
manufacturer. When equipped with a 
curve follower, an x-y recorder can read 
a previously recorded graph, feeding out 
a pair of analog signals. Roll chart ac- 
cessories provide capability for manual or 
automatic continuous chart advance or 
frame advance plus convenient chart 
storage. Single character or multi-char- 
acter automatic printers for point plotting 
are offered for use with ll”x17” record- 
ers. Logarithmic converters, waveform 
translators to enable plotting of oscillo- 
scope traces, keyboard control for plot- 
ting of tabular data in print graph form, 
and a self contained external time base 
are also available. 

Options include rack mounting, metric 
calibration and scaling, special input char- 
acteristics, rear connections and others. 
The range of accessories is constantly 
being augmented. The user may be sure 
his Hewlett-Packard x-y recorder will be 
adaptable to the widest possible variety 
of future needs, without added initial 
cost. 

Selecting an x-y recorder 
Moseley Division x-y recorders may be 

selected among models in two basic chart 
sizes, 8$$”xll” or ll”x17”. Three basic 
levels of performance are available de- 
pending upon measurement needs. For 
general purpose applications where high 
dynamic performance is not required the 
newly designed inexpensive recorders 
(Models 7035A, 7005A) represent an 
extremely good value in x-y recorders. 

7035A X.Y Recorder 

Two pen models are available, capable 
of simultaneously plotting two curves. 
Certain models have high sensitivity, high 
common mode rejection and high input 
resistance. Models are available with and 
without ac and time sweep capability. 
Metric models are available with scaling 
and calibration equivalent to that shown 
below but in metric units. 

Hewlett-Packard X-Y Recorders 

I I 

7001A I 11 x 17 I high I 1 I 0.1 dc I *I meg I no 1 yes I 7001AR I 2175 
*Potentiometrjc input possible on most sensitive ranges by removing straps an  input board. 
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variable 
1 V/in. (400 mV/cm) 
variable 

8 Y 2 ~  11 X-Y RECORDER 
Low Cost - multiple use 
Model 7035A 

1 meg 
1 meg 
1 mee. 

Input resistance: 

Range Input resistance 
1 mV/in. (.4 mV/cm) Potentiometric 

variable 
10 mV/in. (4 mV/cm) lOOk 
variable lOOk 
100 mV/in. (40 mV/cm) 

(essentially infinite at null) 

1 meg 

10 V/in. (4 V/cm) 
variable 

T h e  Moseley Model  7035A is a high performance, low cost, 
solid state X-Y Recorder for general  purpose applications not  
requiring high dynamic performance. Each axis has  a n  inde- 
pendent  servo system with no  interaction between channels.  T h e  
recorder will d r a w  a g raph  of two  related functions f rom two  
dc signals representing each of these functions.  T h e  ul t ra-com- 
pact  design is convertible to rack mounting with only the addi-  
tion of t w o  wing brackets which are  supplied with the model.  
Also available is a metrically scaled model ( 7 0 3 5 A M ) .  

T h e  input  terminals accept either open wires o r  plug-type 
connectors. Five calibrated ranges from 1 millivolt/inch to  10 
volts/inch are available in each axis. A variable range control 
allows any voltage, within the recorder limits, t o  be adjusted 
fo r  ful l  scale deflection. Standard features include high inpu t  
impedance of one megohm (al l  bu t  the first two  r anges ) ,  float- 
ing a n d  gua rded  input ,  0.2% accuracy. Autogrip electric paper  
holddown,  electric pen lift, and  adjustable t e ro  set. 

Extra cost options include locks for zero controls and  for  vari-  
able range controls, rear  input  connector, and  retransmitt ing 
potentiometer.  A plug-in t ime base (Mode l  17108A) is also 
available a n d  operates on either axis to provide five sweep 
speeds f rom 0.5 to 50 seconds per  inch. 

Each closed loop servo system employs a high gain solid-state 
servo amplifier, Moseley manufactured servo motor ,  long l ife 
balance potentiometer,  photochopper,  low pass filter, guarded 
inputs,  precision at tenuator  and balance circuit. Model  7035A 
is designed for  easy maintenance wi th  most  components 
mounted on a pr inted circuit board and  accessible by removing 
only the rear  cover. Both balance potentiometers are  accessible 
for  inspection o r  cleaning by simply removing a tr im strip re- 
quir ing no  tools. Also included are  snap-on side panels and 
maintenance free Autogrip pape r  holddown.  

/ 

Specificat ions 
Input ranges: 5 fixed calibrated ranges: Standard: 1 mV,/in., 10 

mV/in., 100 mV/in., 1 V/in.. and 10 V/in.; Metric: 0.4 m/V,  
4 mV/cm, 40 mV/cm, 400 mV/cm, and 4 V/cm, 5 variable 
ranges: Continuous range adjustment from 1 mV/in to 2 5  V/in. 
(0 .4  mVJcm to 10 VJcm) provided by a high resolution control. 

Type of inputs: floating differential. All input terminals may be 
placed up to 500 V dc from ground. Critical circuit areas are 
guarded with guard terminal on front panel. 

Input isolation: dc-500 megohms (min) to ground at 500 V dc 
(all terminals). ac-Guard to ground: 0.05 mfd.  

Effective guarded capacity: 200 pfd (capacity between - and - 
terminals, and chassis ground with guard shield driven).  

1 meg 
1 meg 

Standard 
1 mV/in. 
10 mV/in. 
100 mV,'in. 

Metric 
0.4 mV/cm 130 dB 95 dB 

4 mV/cm 110 dB 75 dB 
40 mV/cm 90 dB 55 dB 

Interference rejection: conditions for the following data is line 
frequency with up to 1 k ohm between the negative input and 
the point where the guard is connected. Maximum ac common 
mode voltage is 500 volts peak. Maximum dc common mode \ ( ) I t -  
age is 500 volts. 

1 V/in. I 400 mV/cm ] 70 dB 35 dB 

Input filter: 20 dB at 60 Hz; -18 dB/octave above 60 Hz. 
Maximum allowable source impedance: no restrictions except on 

fixed 1 mV/in. ( .4  mV/cm) range. Up to 20 k ohm source im- 
pedance will not alter recorder's performance. 

Accuracy: kO.2Vc at full scale. 
Linearity: *0.1% of full  scale. 
Dead band: * o , I %  of f u l l  scale. 
Standardization: continuous electronic zener reference with tem- 

perature stability better than O . O 0 2 ~ / " C .  
Zero set: zero may be placed anywhere on the writing area or elec- 

trically set off scale up to one full scale from zero index. Adjust- 
able by a high resolution control. 

Slewing speed: 15 inches/sec, 37 cm/sec, nominal at 115 V .  (Typi- 
cally 13  inches/sec at 103 V, 16 inches/sec at 127 V . )  

Paper holddown: Autogrip electric paper holddown grips charts 
8%" or 11" or smaller. Writing area: 7" x 10" (18 x 2 5  cm) .  

Pen lift: electric pen l i f t  capable of being remotely controlled. Con- 
nector supplied ( ~ 5 7 . 3 0 2 4 0 ) .  

Dimensions: IO-15/32'' deep, 17%'' wide, 51/s" high. 
Weight: approximately 16 Ibs (ne t ) ;  shipping 2 2  Ibs. 
Power: 115 or 230 V * l o % ,  50 to 60 Hz, approximately 45  watts. 
Time base accessory: hfodel 17108A self-contained external time 

Accessories supplied: 
base has five sweep speeds. Price: $175. 

1. Accessory kit :  containing slidewire cleaner, slidewire lubricant, 
set of Bristol wrenches, 2 pens, 1 bottle green ink, 1 bottle red 
ink, ink filling syringe, remote pen lift mating connector. 

2 .  Appropriate graph paper. 
3.  Power cord ( 7 ' ) .  
4. Rack mounting brackets. 
5. Flexible plastic dust cover. 
6. Instruction manual. 

Model 7035A (Standard) $895 
hfodel 7035AhI (Metric) $895 

02 .  Lockable zero and variable controls (both axes) $15 
03. Retransmitting potentiometer on X axis 

Price: 

Options: 

Total resistance: 5 k * 3 %  
Linearity (independent) : *0.1% 
Resolution: 0.04% $75 

05.  Rear input connector in parallel with front terminals $1 5 
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Assembled on a sturdy aluminum cast frame, the Moseley 
7030A X-Y Recorder accepts dc signals with much greater 
sensitivity and higher common mode rejection than previ- 
ously possible in one instrument. Guarded and shielded in- 
put circuitry has 1-megohm resistance at null on each of 17 
ranges from 100 ,V/inch to 20 V/inch, with continuous 
flexibility of each range for arbitrary full-scale voltages. 
The  5 most sensitive ranges may be operated in potentio- 
metric mode which draws practically no current at null. The 
unit has an electronic time sweep with automatic reset or 
recycle, if desired, at the end of the sweep. TheModel 7030A 
can be used on the bench or rack mounted. A metric model 
(7030AM) is available with metric scales. 

Special multi-contact flat mandrel balancing potentiom- 
eters maintain trouble-free operation without frequent 
cleaning. Zero offset controls for each axis are calibrated in 
continuously adjustable 5-inch steps which cover 3 full scale 
lengths on x and 4 full scale lengths on y. Recording ac- 
curacy is better than 0.2% of full scale on all ranges, this 
accuracy being maintained from range to range. Extremely 
good retrace performance assures high dynamic accuracy and 
resettability . 

The paper holddown system is the exclusive Moseley 
Autogrip@ which operates on an electronic principle, has no 
moving parts, is quiet, reliable and effective on any paper size 
up to the capacity of the platen. 

Specificat ions 
Input ranges: 17 calibrated ranges: 0.1, 0.2, 0.5, 1, 2, 5 ,  10, 20, 

50 mV/inch, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 VJinch. 
Metric: 0.05, 0.1, 0.25, 0.5, I ,  2.5, 5, 10, 25  mV/cm; 0.05, 0.1, 

0.25, 0.5, 1, 2 .5 ,  5, 10 VJcm. Plus continuously variable mode. 
Type of inputs: floating up to 500 V above ground; guarded and 

shielded. 
Input resistance: one megohm at null on all calibrated and vari- 

able ranges. Potentiometric input on 5 most sensitive ranges by 
disconnecting an internal buss wire. Potentiometric switch op- 
tional. 

Maximum allowable source impedance: up to 10 k ohm source 
impedance will not alter recorders performance on the five most 
sensitive ranges (0.1, 0.2, 0.5, 1, 2 mV/in.) .  Higher source im- 
pedances will cause an increase in dead zone and a decrease in 
pen speed. No source impedance restrictions on ranges above 2 
mVJin. 

Interference rejection: dc common mode rejection 140 dB on 2 
most sensitive ranges; 120 dB at power line frequency on 2 most 
sensitive ranges. 

Radio frequency interference: meets specifications of MIL-I- 
6181D. 

Slewing speed: 20 inchesJsecond, maximum, each axis for 60 Hz;  
16 inches/second, maximum, for 50 Hz. 

Time sweeps: may be applied to either axis in 8 calibrated ranges: 
0.5, 1, 2, 5, 10, 20, 50, 100 sec/in; Metric models: 0.25, 0.5, 1, 
2.5, 5 ,  10, 25, 50 sec/cm. Adjustable sweep length; may be reset 
or recycled at any point manually or automatically. 

Accuracy: 0.2% at full scale; Time sweep: 2 %  of full scale. 
Linearity: 0.1% of full scale; Time sweep: 1% of full scale, 
Dead band: 
Zero offset: continuously adjustable with 5 ”  calibrated steps for 

up to 3 full scale lengths on X and 4 on Y .  Zero-check push- 
button switches on each axis. 

Reference voltage: continuous electronic reference, zener diode 
controlled. Temperature stability better than O.O05%/”C. 

0.1% of full scale. 

I 6” 

Writing mechanism: independent isolated servo mechanism for 
each axis. Liquid ink pen with visually monitored cartridge. 

Paper holddown: Autogrip electric paper holddown grip charts 
8,/2’’ x 11” or smaller; quiet and maintenance free with no moving 
parts. 

Pen lift: local and remote pen lift. 
Accessories supplied: 

1. Accessory Kit:  Contains spare fuse, slidewire cleaner, slidewire 
lubricant, set of Bristol wrenches, 2 pens, 1 2  cartridge-green 
ink, 1 2  cartridge-red ink. 

2.  Appropriate graph paper. 
3. Power cord ( 7 ’ ) .  
4. Flexible plastic dust cover. 
5 .  Instruction manual. 
6. Rack mounting brackets. 
7. Carrying handle. 

Power: 115 or 230 V, 50 to 60 Hz, 75 volt-amperes. 
Dimensions: table model: 12-1/16” deep, 43/” high, 17%” long 

(306 x 120 x 454 mm) . Rack model: 4%” deep, 10-15/32” high, 
19” long (120 x 265 x 482 mm) .  

Weight: approximately 20 lbs ( 9  k g ) .  
Prices: Model 7030A (standard) 

Options: 
Model 7030AM (metric) $1895 

01 Potentiometric switch for five most sensitive 
ranges add $ 5 5  

05 5 k linear retransmitting potentiometer in 
the X axis add $ 150 

06 Rear input terminals add $ 50 
07 3.5 k linear retransmitting potentiometer in 

the Y axis add $ 150 
08 Retransmitting potentiometers in both axes add $ 300 
09 Remote sweep capability add $ 75 
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Available in two basic models, these Moseley 8%” x 11” x-y 
plotters are adaptable to almost any laboratory, field or system 
application. In the first group, the 135 and the 135M (metric) 
feature 16 dc input ranges on each axis with a minimum input 
resistance of 200,000 ohms/volt full scale ( 10”) ; in the second 
group, the 135A and 135AM (metric) feature 11 calibrated 
ranges with 1-megohm resistance at null. 

Unique construction permits instant adaptation to desk or 
bench positioning in a horizontal, inclined or vertical plane, or 
rack mounting by the addition of brackets in only 10%” of 
panel space. A detachable handle doubles as a tilt support or 
carrying aid. Standard features include advanced transistor 
circuitry, calibrated time base on the x-axis, zero set and zero 
suppression, potentiometric input mode, scale factor vernier and 
autogrip electric paper holddown which has no moving parts, 
holds any chart 8 % ’ ’ ~  1l”or smaller, is quiet and maintenance- 
free. 

Modular construction of major assemblies insures maximum 
flexibility and ease of maintenance. The control module in- 
corporates all input circuitry with conveniently grouped oper- 
ating controls. A panel group for each axis includes input ter- 
minals which accept either open wire or banana plugs, ground 
terminal, range selector with scale factor vernier, function 
switch and zero control. High-gain servo amplifiers are plug-in 
units, isolated and free of ground. Special Moseley servo 
motors control the ink pen via a pantograph mechanism which 
is accurate and non-interacting. The pen may be controlled 
locally or remotely by an electric lift. The “drop-in” pen 
mounting facilitates easy changing or cleaning. Calibrated 
scales along each axis align with standard paper markings. 

Input ranges: 
Specifications 

/ 
Model 135: 16 calibrated ranges: 0.5, 1, 2, 5 ,  10, 20, 50 

mV/inch; 0.1, 0.2, 0.5, 1, 2, 5 ,  10, 20, 50 V/inch. 
Model 135M: 16 calibrated ranges: 0.2, 0.5, 1, 2, 5, 10, io, 

50, 100 mV/cm; 0.2, 0.5, 1, 2, 5 ,  10, 20 V/cm. 
Model 135A: 11 calibrated ranges: 0.5, 1, 5, 10, 50 mV/inch; 

0.1, 0.5, 1, 5, 10, 50 V/inch. 
Model 135AM: 11 calibrated ranges: 0.2, 0.5, 2, 5, 20, 50 

mV/cm; 0.2, 0.5, 2, 5, 20 V/cm. 
All models: stepless range control permits arbitrary full scale 

range setting. Potentiometric mode on Y-axis, obtainable 
on X-axis by removing strap on input circuit board. (Op- 
erates on most sensitive range of Model 135; four most 
sensitive ranges of Model 135A). 

Type of inputs: floating up to 500 V above ground. 

Input resistance: 
Model 135: 200,000 ohms/volt full scale (10”) through 

1 V/inch range; 2 megohms on all higher ranges. 
Model 135M: 200,000 ohmsJvolt full scale (25 cm) through 

0.5 V/cm range; 2.5 megohms on all higher ranges. 
Models 135A, 135AM: one megohm at null on all fixed 

ranges. When in variable range control mode, 100,000 
ohms on four most sensitive range steps and one megohm 
on all other steps. Potentiometric input draws essentially 
zero current at null. 

Maximum allowable source impedance: (Model 135A) up to 
10K ohm source impedance will not alter recorder’s per- 
formance on the four most sensitive ranges (0.5, 1, 5, 10 
mV/in) . Higher source impedances will cause an increase in 
dead zonc and a decrease in pen speed. No source impedance 
restrictions on ranges above 10 mV/in. Model 135: up to 
1K ohm source impedance will not alter recorder’s perform- 
ance on potentiometric input. Higher source impedances will 
cause an increase in dead zone and a decrease in pen speed. 
No source impedance restrictions on any calibrated ranges. 

Radio frequency interference: meets specifications of MIL-I- 
618lD. 

Slewing speed: 20 incheslsecond, maximum, each axis for 60 
Hz; 16 inches/second, maximum, for 50 Hz. 

Time sweeps: (X-axis only) Model 135:. 0.5, 1, 2, 5, 10, 20, 
50 sec/inch. Model 135M: 0.2, 0.5, 1, 2, 5, 10, 20 sec/cm. 
Model 135A 0.5, 1, 5, 10, 50 sec/inch. Model 135AM: 5 cal- 
ibrated sweeps: 0.2, 0.5, 2, 5 ,  20 sec/cm. 

5 %  of full scale. Accuracy: 
Linearity: 0.1% of full scale. 
Dead band: 
Zero set: continuously adjustable to any point on the graph 

paper or up to one full scale, from zero, off the chart paper. 
Reference voltage: continuous electronic reference, zener diode 

controlled. Temperature stability better than 0.002%/°C. 
Writing mechanism: independent isolated servo mechanisms 

for each axis. Liquid ink pen with ample ink supply. Visually 
monitored cartridge pens available as option. 

Paper holddown: AUTOGRIP electric paper holddown grips 
charts 8?/*’’ x 11’’ or smaller; quiet and maintenance free with 
no moving parts. 

Pen lift: local and remote pen lift. 
Accessories supplied: 

0.2% at full scale; Time sweep: 

0.1% of full scale. 

(1.) Accessory kit: contains spare fuse, slidewire cleaner, 
slidewire lubricant, set of Bristol wrenches, 2 pens, 1 bottle 
of green ink, 1 bottle of red ink, syringe. (2.) Appropriate 
graph paper. (3.) Power cord ( 7 ’ ) .  (4.)  Flexible plastic 
dust cover. (5.)  Instruction manuals. (6.) Rack mounting 
brackets. ( 7 . )  Carrying handle. 

Power: 115  or 230 V, 50 to 60 Hz, 120 volt-amps. 
Dimensions: table model: 17%’‘ wide, 10-15/32” high, 4%” 

Weight: approximately 20 Ibs ( 9  kg) ;  shipping 32 lbs. 
Prices: 

Options: 

deep. Rack model: 19’’ wide, 10-15/32” high, 4%” deep. 

Models 135 /135M/135A/i 3 SAM $1650 

02 Rear input connectors (with mating connector) $15 
04 Cartridge ink supply N/C 
05 

add $100 
06 

add $100 
07 Retransmitting potentiometer (both axes) add $200 

5K ohm retransmitting potentiometer (X-axis) 

3.5K ohm retransmitting potentiometer (Y-axis) 
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The Moseley Model 136A is a two-pen three channel 
(x, y,, y,), 8$”” x 11” X-Y Recorder, identical electrically 
and physically to the 135A except for the added second pen 
with its associated circuitry and controls. The two pens 
traverse the full vertical axis independently with not less 
than 0.1 inch horizontal separation, and the horizontal axis 
simultaneously over the complete recording area of the pa- 
per. Input circuitry and controls for each axis are constructed 
in modular form, electrically isolated and free of ground. 
Advanced transistor circuitry insures high accuracy and 
stability. Units are available with metric scales. 

The  controls for each channel are conveniently grouped 
with input connectors accepting either banana plugs or open 
wire. Eleven calibrated steps cover voltage ranges from 0.5 
mV/inch to 50 V/inch with continuously variable expansion 
control for fitting arbitrary voltage limits within the paper 
margins. One-megohm input resistance at null is a feature 
of all calibrated ranges. Five time sweeps are provided on 
the x axis and potentiometric mode on the four most sensi- 
tive ranges of both y axes. Potentiometric operation on the 
x axis is obtainable by removing an internal strap. Zero 
controls operate without affecting calibration and provide 
full scale zero set and one full scale of zero suppression. 

Reliable paper holddown is provided by Autogrip electric 
platen, which has no moving parts, is quiet and effective on 
any size chart 81/2’’ x 11” or  smaller. Pens are capillary fed 
from a generous reservoir, are “drop-in” mounted, easily 
changed for color variation or cleaning. 

Specifications 
Input ranges: 11 calibrated ranges: 0.5, 1, 5 ,  10, 50 mV/  

inch; 0.1, 0.5, 1, 5, 10, 50 V/inch. Metric: 0.2, 0.5, 2, 5, 
20, 50 mV/cm; 0.2, 0.5, 2, 5, 20 V/cm. Stepless range 
control permits arbitrary full scale range setting. Poten- 
tiometric mode on Y, and Y ,  axis, obtainable on X-axis by 
removing strap on input circuit board operates on four 
most sensitive ranges of Model 136A. 

Types of inputs: floating up to 500 V dc above ground. 
Input resistance: one megohm at null on all fixed ranges. 

When in variable range control mode, 100,000 ohms on 
four most sensitive range steps and one megohm on all 
other steps. Potentiometric input draws essentially zero 
current at null. 

Maximum allowable source impedance: up to 10 k ohm source 
impedance will not alter recorder’s performance on the 
first four ranges (0.5, 1, 5, 1OmV/in), Higher source 
impedances will cause an increase in dead zone and a de- 
crease in pen speed. No source impedance restrictions on 
ranges above 50 mV/in. 

Radio frequency interference: meets specifications of MIL- 
1-618lD. 

Response time: 0.6 sec. maximum, full scale. 
Time sweeps: 5 calibrated sweeps: 0.5, 1, 5, 10, 50 sec/inch. 

Accuracy: 0.2% at full scale; time sweep: 5% of full scale. 
Linearity: 0.1% of full scale. 
Dead band: 0. I % of full scale. 
Zero set: continuously adjustable to any point on the graph 

paper or up to one full scale off the chart paper. 
Reference voltage: continuous electronic reference, zener 

diode, controlled. Temperature stability better than 

Writing mechanism: independent isolated servo mechanisms 
for each axis. Liquid ink pen with ample ink supply. 

Paper holddown: Autogrip electric paper holddown grips 
charts 8y2” x 11” or smaller; quiet and maintenance free 
with no moving parts. 

Metric: 0.2, 0.5, 2, 5, 20 sec/cm. 

0 . 0 0 2 ~ / o c .  

Pen litt: local and remote pen lift. 
Accessories supplied: 

1. Accessory Kit :  Contains spare fuse, slidewire cleaner, 
slidewire lubricant, set of Bristol wrenches, 2 pens, 1 
bottle of green ink, 1 bottle of red ink, syringe. 

2.  Appropriate graph paper. 
3. Power cord ( 7 ’ ) ,  
4. Flexible plastic dust cover. 
5. Instruction manuals. 
6. Carrying handle and wing brackets. 

Power: 115 or 230 V ,  50 to 60 Hz, 140 volt-amps. 
Dimensions: table model: 14” high, 177/”  wide, 4%” deep; 

(355 x 443,4 x 120,7 mm) .  Rack model: 14” high, 19” 
wide, 4%“ deep; (355 x 483 x 120,7 m m ) .  

Weight: approximately 34 lbs (15,3 k g ) ;  shipping 47 lbs 

Prices: 

Options: 

(2192 k g ) .  

Models 136A1136AM $2650 

02 Rear input terminals (2 sets with 

0 3  5 k ohm linear retransmitting 
mating connectors) add $15 

potent iometern the X axis add $100 
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Range 
1 mV/in. (.4 mV/cm) 

variable 
10 mV/in. (4 mV/cm) 
variable 
100 mV/in. (40 mV/cm) 
variable 
1 V/in. (400 mV/cm) 
variable 
10 V/in. (4 V/cm) 
variable 

11” x 17“ X-Y RECORDER 
Low cost, multiple use 
Model 7005A 

Input Resistance 
Potentiometric (essentially 
infinite at null) 

I lk  
lOOk 
lOOk 
1 meg 
1 meg 
1 meg 
1 meg 
1 meg 
1 meg 

Type of inputs: floating differential. All input terminals may 
be placed up to 500 V dc from ground. Critical circuit areas 
are guarded with guard terminal on front panel. 

Input isolation: DC: 500 megohms (min) to ground at 500 
V dc (all terminals). AC, Guard to Ground: 0.05 pF. 
Effective guarded capacity:300 pF(capacity between+ and 
-terminals, and chassis ground with guard shield driven). 

Interference rejection: conditions for the following data is line 
frequency with up to 1 k ohm between the negative input 
and the point where the guard is connected. Maximum ac 
common mode voltage is 500 volts peak. Maximum dc com- 
mon mode voltage is 500 volts. 

DC (CMR) AC (CMR) 
Range 

Standard Metric 
1 mV/in 0.4 mV/cm 130 d B  
10 mV/in 4 mV/cm 110 d B  
100 mV/in 40 mV/cm 
1 V/tn 400 mV/cm 70 d B  35 d B  
10 V/ln 4 V/cm 50 d B  15 d B  

Input filter: >20 dB at 60 Hz; -18 dBJoctave above 60 Hz. 
Maximum allowable source impedance: no restrictions except 

on fixed 1 mV/in. (.4 mV/cm) range. Up to 20 k ohm source 
impedance will not alter recorder’s performance. 

Accuracy: &0.2% at full scale. 
Linearity: 20.1% of full scale. 
Dead band: 20.1% of full scale. 
Standardization: continuous electronic zener reference with 

temperature stability better than 0.002%/”C. 
Zero set: zero may be placed anywhere on the writing area or 

electrically set off scale up to one full scale from zero index. 
Adjustable by a high resolution control. 

Slewing speed: 1 5  inches/sec., 37 cm/sec. nominal at 115 V. 
(Typically 13 inches/sec at 103 V, 16 inches/sec at 127 V. )  

Paper holddown: Autogrip electric paper holddown grips 
charts 11” x 17’’ or smaller. Writing area: 10” x 15” (25 
cm x 37 cm) .  

Pen lift: electric pen lift capable of being remotely controlled. 
Connector supplied (#57-30240), 

Dimensions: 17%’‘ wide, 7%” high, 4-5/16” deep. 
Weight: net approximately 18 lbs; shipping 24 Ibs. 
Power: 115 or 230 V &lo%, 50 to 60 Hz, approximately 45 

Accessories supplied: 
watts. 

(1 ) Accessory Kit: containing slidewire cleaner, slidewire 
lubricant, set of Bristol wrenches, 2 pens, 1 bottle green ink, 
1 bottle red ink, ink filling syringe, remote pen lift mating 
connector. (2)  Appropriate graph paper. (3)  Power Cord 
( 7 ’ ) .  ( 4 )  Rack mounting brackets. (5)  Flexible plastic dust 
cover. (6)  Instruction Manual. 

Model 7005A (Standard,) $1195. 
Model 7005AM (Metric) $1195. 

Price: 

Options: 
-02 

-0 3 

-05 

Lockable zero and variable range controls 
(both axes) $15. 
Retransmitting potentiometer on X axis 
Total resistance: 5 k 2 3 %  
Linearity (independent) : & O . l %  

Rear input connector in parallel with 
front terminals $15. 

Resolution: 0.04% $75. 
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3 

The 2FA is a three channel two-pen 11” x 17” graphic 
recorder, each channel presenting 1-megohm input resis- 
tance at null. It is available for rack mounting(2FRA)and 
with metric (2FAM, 2FRAM) instead of English scaling. 
Standard facilities include a time base on the x axis, 11 volt- 
age ranges with continuous expansion feature, full scale 
zero set and suppression, local and remote electric pen lift 
and potentiometric capability. 

Two drop-in mounted pens with integral ink reservoir 
traverse the full y axis with no less than 0.1 inch horizontal 
separation. Writing range for both pens is 10 inches ver- 
tically and 1 5  inches horizontally. Servo drives are inde- 
pendent and free of electrical ground, Servo amplifiers and 
power supply are combined in a single compact plug-in unit. 
A simplified self-balancing system uses linear slidewires and 
a continuous zener-controlled reference. 

Each input range has a calibrated (fixed) and contin- 
uously variable mode. The variable mode may be used to fit 
arbitrary maximum voltages within the recording limits of 
the paper. Potentiometric operation on the four most sensi- 
tive ranges of each axis may be easily established by remov- 
ing linkages on the input circuit boards. The built-in time 
base operates on the x axis, with five calibrated sweeps from 
7.5 to 750 seconds for full-scale pen travel. 

The  exclusive electric paper holddown provides positive 
grip of charts 11” x 17” or smaller. Operation is silent with 
no moving parts and is maintenance free. 

Specifications 
Input ranges: 11 calibrated ranges (each axis) : 0.5, 1, 5, 10, 

50 mV/inch; 0.1, 0.5, 1, 5, 10, 50 V/inch. Metric Mod- 
els: 0.2, 0.5, 2, 5 ,  20, 50mV/cm; 0.2, 0.5, 2, 5 ,  20V/cm.  
Variable range mode all positions. Potentiometric input 
available on four most sensitive ranges of each axis by re- 
moving internal attenuator straps. 

Type of inputs: dc floating up to 500 V above ground. 

Input resistance: one megohm at null on all fixed ranges. 
When in variable range mode, 100,000 ohms on four 
most sensitive ranges and one megohm on all others. Po- 
tentiometric input operation draws essentially zero cur- 
rent at null. 

Maximum allowable source impedance: up to 10 K ohm 
source impedance will not alter recorder’s performance 
on the first four ranges 0.5, 1, 5, 10 mV/inch). Higher 
source impedances will cause an increase in dead zone and 
a decrease in pen speed. No source impedance restrictions 
on ranges above 10 mV/in. 

Radio frequency interference: meets specifications of MIL-I- 
618 lD .  

Response time: 1 sec full scale on X-axis; 0.5 sec full scale 
on Y1 and Y 2 ,  maximum. 

Time sweeps: 5 calibrated rates on X axis only: 0.5, 1, 5, 10, 
50 sec/inch; metric: 0.2, 0.5,  2 ,  5, 20 sec/cm. 

Accuracy: 0.2% of full scale. Time sweep: 5 %  of full scale. 
Linearity: 0.1% of full scale. 
Dead band: 0.1% of full scale on all ranges. 
Reference voltage: continuous electronic reference, zener 

diode controlled. Temperature stability better than 

Writing mechanism: independent isolated servo mechanisms 
for three channels, X ,  Y1, Y2.  

Paper holddown: autogrip electronic paper holddown grips 
charts 11” x 17” or smaller; quiet and maintehance free 
with no moving parts. 

0.002%/oc. 

Pen lift: local and remote pen lift. 
Accessories supplied: 

1. Accessory kit: contains spare fuse, slidewire cleaner, 
slidewire lubricant, set of Bristol wrenches, 4 pens, 1 
bottle green ink, 1 bottle red ink, ink filling syringe. 

2 .  Appropriate graph paper. 
3. Power cord (7’). 
4. Flexible plastic dust cover (bench models only) .  
5 .  Instruction manual. 

Power: 115 or 230 V, 50 or 60 Hz, approximately 120 volt- 
amperes. 

Weight: net approximately 42 Ibs (18,9 k g ) ;  shipping 55 
lbs (24,75 k g ) .  

Dimensions: Bench Model: 18.87“ (479 mm) deep, 17.50” 
(444 mm) wide, 8.25” (209 mm) high; Rack Model: 8” 
(203 mm)  deep, 19” (483 mm) wide, 19.22” (488 mm) 
high. 

Model 2FA (standard bench) 
Model 2FRA (standard rack) 
Model 2FAM (metric bench) 
Model 2FRAM (metric rack), $3375. 

01. With rear input terminals 
(mating connector supplied), add $1 5 

02. With installed event marker, add $100 

Price: 

Options: 
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11” x 17” HIGH SENSITIVITY 
100 ,uV/in dc; 5 mV/in ac (7000A only) 

Models 7000A; 7001A 

The Moseley 7000A X - Y  recorder accepts dc or ac signals 
on either or both axes with high sensitivity and common mode 
rejection. The 7001A is identical to the 7000A except for the 
omission of ac input ranges. Specially guarded and shielded 
circuitry provides one megohm input resistance at null on all 
ranges. Units are available for rack mounting and with metric 
scales. 

Any chart 11”x 17” or smaller may be held smoothly and 
firmly on the Autogrip electric platen which is silent in 
operation and maintenance-free. Flexibility is built into the 
electronic time base which may be switched to operate in either 
axis. Features include automatic reset, adjustable sweep length, 
and automatic recycling. 

The plotting mechanism is greatly simplified by mounting 
the Y servo motor on the X carriage. Zero offset for each 
axis may be preset in calibrated >-inch steps up to 4 full scale 
lengths in Y and 3 full scale lengths in X with continuous 
adjustability between steps. A dc accuracy of 0.2% of full scale 
holds when switching between ranges, making recalibration un- 
necessary during operation. All 7000A and 7001A models dis- 
play extremely good retrace characteristics. 

An ac sensitivity up to 5 mV/in ( 2 . 5  mV/cm) is a conve- 
nience when using Hewlett-Packard Model 1llOA and 465A 
ac clip-on current probes for plotting low currents without 
additional amplification. 

Specifications 
DC input ranges: 17 calibrated ranges: 0.1, 0.2, 0.5, 1, 2, 5, 10, 

20, 50, mV/in; 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 V/in. Metric mod- 
els: 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5 ,  10, 2 5  mV/cm; 0.05, 
0.1, 0.25, 0.5, 1, 2 .5 ,  5, 10 V/cm. Plus continuously variable 
mode. 

AC input ranges (7000A only): 1 2  calibrated ranges: 5, 10, 20, 
50 mV/in; 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 V/in. Metric models: 
2.5,  5, 10, 25 mV/cm; 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5, 10 V/cm. 
The continuously variable mode is available on the dc ranges 
only. 

Type of inputs: dc floating up to 500 V above ground; guarded 
and shielded. AC input (7000A only) is single-ended, capac- 
itor coupled. 

/ 

Input isolation: guard to ground capacity 0.002 mfd. 
DC input resistance: one megohm at null on all calibrated and 

variable dc ranges. Potentiometric input on 6 most sensitive 
ranges by disconnecting an internal buss wire. Potentiometric 
switch optional. 

AC input impedance: (7000A only) : one megohm on all cali- 
brated ac ranges. 

Maximum allowable source impedance: up to 10 k ohm source 
impedance will not alter recorder’s performance on the first 
six ranges (0.1, 0.2, 0.5, 1, 2, 5 mV/inch). Higher source 
impedances will cause an increase in dead zone and a decrease 
in pen speed. No source impedance restrictions on ranges 
above 5 mV/in. 

Interference rejection: dc common mode rejection 140 dB on 
3 most sensitive ranges; 120 dB at power line frequency on 
2 most sensitive ranges. 

Radio frequency interference: meets specifications of MIL-I- 
6181D. 

Slewing speed: 20 in/sec., maximum, each axis for 60 Ht; 16 
in/sec., maximum for 50 Hz. 

Time sweeps: may be applied to either axis in 8 calibrated 
ranges: 0.5, 1, 2, 5, 10, 20, 50, 100 sec/in. Metric models: 
0.25, 0.5, 1, 2.5, 5, 10, 25, 50 sec/cm. Adjustable sweep 
length; may be reset or recycled at any point manually or 
automatically. Local and remote sweep controls. 

Accuracy: dc: 0.2% at full scale; ac: 0.5% of full scale, 20 to 
100,000 Hz; time sweep: 2% at full scale. 

Linearity: dc: 0.1% of full scale; ac: 0.2% of full scale; time 
sweep: 1% of full scale. 

Dead band: 0.1% of full scale on all ranges. 
Zero set (dc range only): continuously adjustable with 5” cali- 

brated steps for up to 3 full scale lengths on X and 4 on Y .  
Zero-check push button switches on each axis. 

Reference voltage: continuous electronic reference, zener diode 
controlled. Temperature stability better than O.O05%/”C. 

Writing mechanism: independent isolated servo mechanisms 
for each axis. Liquid ink pen with visually monitored car- 
t r idge . 

Paper holddown: Autogrip electric paper holddown grips 
charts 11” x 17” or smaller; quiet and maintenance free with 
no moving parts. 

Pen lift: local and remote pen lift. 
Accessories supplied: 

(1,)Accessory Kit: contains spare fuse, slidewire cleaner, 
slidewire lubricant, set of Bristol wrenches, 2 pens, 12 car- 
tridges green ink, 12  cartridges red ink. (2.) Appropriate 
graph paper. (3 . )  Power cord (7’). (4 . )  Flexible plastic dust 
cover. (5.) Instructional manual. 

Power: 115 or 230 V, 50 to 60 Hz, 85 volt-amperes. 
Dimensions: bench model: 17%’’ wide, 15%’‘ high, 6%” deep 

(445 x 382 x 165 m m ) ;  Rack model: 17%” inside rack 
clearance, 17%” panel height, 6%” maximum depth (444 
x 444 x 165 m m ) .  

Weight: net 38 Ibs (17,l kg) ; shipping 46 Ibs (20,7 kg).  
Prices: 7000A (standard bench) ; 7000AR (standard rack) ; 

7000AM (metric bench) ; 7000AMR (metric rack) : $2495 
Moseley 7001A (standard bench) : 7001AR 

(standard rack) ; 7001AM (metric bench) ; 
7001AMR (metric rack) : $2175 

Options: 
01. Potentiometric switch for 6 most 

sensitive ranges: add $55 
04. 5 k ohms linear retransmitting 

slidewire on X-axis: add $75 
05. Rear input terminals add $50 
06. 5 k ohms linear retransmitting 

slidewire on Y-axis: add $75 
07. Retransmitting slidewire on both axes: add $150 
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T h e  Model 7590C is a specially equipped x-y recorc 
for automatically plotting electrical information in line or 
point form at  a rapid rate. The  basic recorder has standard 
features of 10 input ranges on each axis, all solid-state cir- 
cuitry, floating inputs, drift-free servo mechanisms and 
mechanical paper holddown. Added to achieve automatic 
point or line plotting capability are a built-in null detector 
and a solenoid-actuated character printer. Character printer 
and pen are interchangeable, the one used being dependent 
on whether digital or analog information is being recorded. 

The  built-in 5-mode null detector is capable of plotting 
up  to 360 points per minute. Mute mode requires a com- 
mand from the data source to unmute the recorder servos. 
Any signal at the input which unbalances the servo will re- 
position the plotting carriage until a null or balanced condi- 
tion is reached, at which time the servos are muted, a plot is 
accomplished, and a completed plot pulse is issued to an 
external control, causing the system to assume a standby 
status ready for the next command. No-mute mode is similar 
to mute mode except that a command is not required to un- 
mute the servos. This allows the recorder to  seek null as soon 
as an input signal is applied. Upon reaching balance, a plot 
is made, a completed plot pulse issued and the system re- 
turns to standby. A calibrated mode accepts a signal, bal- 
ances but does not plot. This mode is useful in pre-run pro- 
cedures, Line or  point plotting, using pen or character 
printer, respectively, is established by a function selector. 

T h e  character printer supplied is similar to the 17009B 
with symbol stamp and actuating solenoid, Six symbols are 
furnished, Special characters are available at moderate cost. 

Specifications 
Recording mechanism: An independent servo system for each 

axis ( X  and Y )  non-interacting; transformer isolated and 
free of ground; rear input connectors. 

Slewing speed: Fifteen inches/second (38 cm/sec) maximum 
speed, each axis. 

Plot rate: 360 plots/minute, maximum. 
Paper size: Standard 11” x 17”  graph paper with a writing 

area 10” x 15”. Metric unit: 2 5  cm x 38 cm graph paper. 
Mechanical paper hold-down. 10” x 120’ roll charts when 
equipped with roll chart accessory (17006A). 

Input voltage ranges: Ten fixed ranges each axis: 0.5, 1, 5 ,  

10, 50 millivolts per division (inch) and 0.1, 0.5, 1, 5 ,  10, 
volts per division (inch). Metric unit: Ten ranges each axis: 
0.2, 0.5, 2 ,  5 ,  20, 50 millivolts/centimeter and 0.2, 0.5, 2 ,  5 
volts/centimeter. Stepless range control allows arbitrary full 
scale voltage setting. Recorder may he operated as a potenti- 
ometric recorder on most sensitive range. 

Input resistance: 200,000 ohms/volt full scale (IO”) on all 
fixed ranges. Potentiometric mode provides essentially zero 
current drain at null. 

Standardization: Long life mercury cell. 
Accuracy: The most sensitive range, 0.5 mV/in (0.2 mV/cm 

on metric unit) is factory adjusted to 0.1% of full scale. 
1% resistors are used in the attenuator. Resettability is 0.1% 
of full scale. Any one range may be calibrated to 0.1% of full 
scale by an easily accessible control. 

Interference rejection: dc common mode rejection better than 
10’’ to 1 on most sensitive range. 

Point plotting accuracy: Better than 0.2’3,. 
Symbols furnished: Six interchangeable dies with standard 

symbols; ink impregnated; print ten thousand impressions 
before re-inking. 

Dimensions: Models 7590c, 7590CM: 171/2” long, 16“ deep, 
6%“ high; Models 7590CR, 7590CMR: 17%“ inside rack 
clearance, 17%“ high, 51h” maximum depth. 

Weight: Approximate weight, either model: 2 8  pounds. 
Power requirements: 115/230 volts, 50/60 Hz, approximately 

110 volt-amperes. 
Forced plot: If a null is not reached within approximately 2 

seconds, a plot is forced. 
Enable-disable: Required disable voltage: - 3 volts, dc. Re- 

quired enable voltage: from 0 volts dc to any plus potential. 
A contact closure may be substituted for the disable bias by 

inserting a resistor between existing terminals on the 
printed circuit board. 

Voltage or contact closure requirements can be reversed by 
moving jumpers on the printed circuit board. 

Seek signal: Minimum pulse height: & 3  volts; $10 to -20 
volts, maximum range. Minimum pulse width: 2 microsec- 
onds. A seek signal is required for normal operation. 

Completed plot signal: Pulse height: 20 volts; pulse width: 
100 microseconds; rise time: less than 1 microsecond; max- 
imum permissible capacitive load: ,002 mfd; output imped- 
ance: less than 200 ohms (capacitor coupled). 

Line plot: Points should not exceed a distance of 0.05” in order 
to obtain a smooth line segment presentation. 

Accessories supplied: 
1. Accessory Kit: Fuse, slidewire lubricant, set of Bristol 

wrenches, pen, 1 ink cartridge green ink, 1 ink cartridge 
red ink, pen cleaning wire. 

2 .  Appropriate graph paper. 
3. Power cord ( 7 ’ ) .  
4. Flexible plastic dust cover. 
5.  Instruction manual. 
6. Character Printer Accessory Kit: Wooden storage box, 

printing ink (Black) and Bristol wrench. 
Price: 

Model 7590c (standard) 
Model 7590CR (standard rack) 
Model 7590CM (metric) 
Model 7590CMR (metric rack) 

01. Autogrip 
03. Zener reference supply add $120. 

Options: 
paper holddown add $95. 

$1985 
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11” x 17” X-Y RECORDERS 
High Z input; time base or computer reference 
Models 2D-2,2D-3 

Moseley 2D-2 and 2D-3 Series X - Y  Recorders offer a wide 
choice of features in options tailored for almost any application. 
The 2D-2 Series are basically general-purpose plotters, includ- 
ing models with electronic time base and 1 megohm input 
resistance. Recorders in the 2D-3 Series are specially equipped 
to accept the standard + 100 and - 100 volt computer reference 
as the servo balancing potential; they have an input resistance 
of 200,000 ohms/volt and do not include a time base. Other 
features of the two series are electrically and mechanically 
identical and include the new Autogrip@ electric paper hold- 
down system, which has no moving parts, is quiet, maintenance- 
free and grips any size chart 11” x 17” or smaller. 

All 2D-2 and 2D-3 recorders are completely solid state ex- 
cept the 1-megohm models which use a single nuvistor in each 
axis to provide the extra gain required. 

As on all Moseley recorders, range selectors include a scale 
factor vernier which continuously extends the full-scale voltage 
acceptance of any range to permit on-scale recording of data 
within arbitrary limits. Potentiometric operation on the most 
sensitive range of 2D-2 models is possible by making a simple 
internal circuit board modification, and on 2D-3 models by a 
function switch selection. 

The 2D-3 models include zero check pushbutton switches on 
each axis for convenience in checking computer reference cali- 
bration. Although specially designed for computer table use, 
2D-3 recorders also have a standard internal electronic refer- 
ence which may be utilized when operated as a standard plotter. 
Rack models and metric scaling are available for both recorders. 

Specifications 
Input ranges: Model 2D-2/2D-3: 0.5, 1, 2, 5 ,  10, 20, 50 mVJ 

inch; 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50 V/inch. Model 2D-2M/ 
2D-3M (metric): 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100 mV/cm; 
0.2, 0.5, 1, 2, 5 ,  10, 20 volts/cm. Model 2D-2A (one meg- 
ohm):  0.5, 1, 5, 10, 50 mV/inch; 0.1, 0.5, 1, 5, 10, 50 volts/ 
inch. Model 2D-2AM (one megohm metric): 0.2, 0.5, 2, 5 ,  
20, 50 mV/cm; 0.2, 0.5, 2 ,  5 ,  20 voltsjcm. 
Scale factor vernier on all models. Potentiometric operation 
on 2D-2 Series on most sensitive range by removal of internal 
connection (effective on four most sensitive ranges of one 
megohm models). Potentiometric mode on selector switch of 
each axis on 2D-3 Series 

Model 2D-2: floating differential inputs. All input terminals 
may be placed up to 500 V dc above ground. AC input is 
single-ended. 

Model 2D-3: inputs single ended to ground for computer 
operation, switched to floating when operated on internal 
reference. 

Types of inputs 

Input resistance 
Model 2D-2 and 2D-3: 200,000 ohms/volt full scale (IO’’) 

through 1 VJinch; 2 megohms on all higher ranges. 
Model 2D-2M and 2D-3M (metric): 200,000 ohms/volt full 

scale (25 cms) through 0.5 volt/cm range; 2.5 megohms 
on all higher ranges. 

Model 2D-2A (one megohm) and 2D-2AM (one megohm 
metric): one megohm at null on all fixed ranges. When in 
the variable range control mode, 100,000 ohms on four 
most sensitive ranges and one megohm on all others. 

On all models potentiometric operation draws essentially zero 
current at null. One megohm input resistance not available 
on Model 2D-3. 

Accuracy: 0.2% of full scale on all ranges. 
Time base (except 2D3): 5 %  of full scale, adjustable to 1%. 
Dead band: 0.1% of full scale on all ranges. 
Linearity: 0.1% linearity on all ranges. 
Standardization: continuous zener reference with temperature 

stability better than O.O02%/”C. Model 2D-3 may also be 
operated from an external +lo0 volt computer reference 
(H01-2D-3 accepts +IO volt reference). 

Time sweep speed x-axis only (except 2D-3): Model 2D-2: 
0.5, 1, 2, 5 ,  10, 20, 50 sec/inch. Model 2D-2M (metric): 
0.2, 0.5, 1, 2, 5 ,  10, 20 sec/cm. Model 2D-2A (one megohm) : 
0.5, 1, 5 ,  10, 50 sec/inch. Model 2D-2AM (one megohm 
metric): 0.2, 0.5, 2, 5 ,  20 sedcm. 

Zero set: zero may be placed anywhere on the writing area or 
electrically set off scale up to one full scale from zero index. 
Adjustable by a multi-turn potentiometer located on the con- 
trol panel. 

Slewing speed 
60 Hz operation: 20 inches/sec maximum (50 cm/sec). 
50 Hz operation: 17 inches/sec maximum (42 cm/sec) . 

Paper holddown: Autogrip electric paper holddown hqlds 
charts 11’’ x 17” or smaller. Writing area 10” x 15” ( 2 5  cm x 
38 cm).  

Dimensions 
Bench models: 17%” wide, 16%’‘ deep, 7” high. 
Rack models: 17%“ inside rack clearance, 17%‘‘ high. 19” 

Weight: bench models: 34 Ibs (net), 47 Ibs (shipping). Rack 

Radio frequency intereference: meets specifications of MIL-I- 

Power: 115/230 volts ac, 50J60 Hz, approximately 143 volt- 

Price: 

wide, 5 % ”  depth inside rack. 

models: 43 Ibs (net), 52 Ibs (shipping). 

618lD. 

amps for the 2D-2, and 88 volt-amps for the 2D-3. 

Model 2D-2 (any model in series) 
Model 2D-3 (any model in series) 
Model H01-2D-3 (accepts 2 1 0  V dc external com- 

puter reference in place of standard +IO0 V dc 
external reference) $2075 

add $ 1 5  
add $100 

add $ 50 

$1950 
$2050 

Options: 
01 Rear input connectors (rack units only) : 
02 Event marker (lower margin of X-axis): 
03 Retransmitting potentiometer, 5 k, a 

0.1% linearity, X-axis: 
04 Cartridge ink supply: n/c 
06 Retransmitting potentiometer, 5 k, 

07 Retransmitting potentiometer, both axes: 
0.1% linearity, Y-axis: add $ 50 

add $100 
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RECORDERS 
RECORDERS 

Strip chart and oscillographic recorders . 

Much of the instrumentation which 
extends, refines or supplements human 
perception produces information in the 
form of electrical analog signals. Rec- 
ords of such data are, of course, often 
required. Electrical data acquired in 
serial fashion, comprising a chain of 
meaningful changes in a signal, record 
naturally on continuous instruments such 
as strip chart recorders or oscillographic 
recorders. The character of the signal 
will determine the appropriate record- 
ing instrument. Analog records of slowly 
changing ( < 1  Hz)  values are conven- 
iently made by Hewlett-Packard servo- 
driven strip chart recorders. 

Laboratory and industrial type record- 
ers are available and produce records in 
rectilinear co-ordinates with considerable 
accuracy - typically 0.2%. Two-pen 
models permit both channels to realize 
the full resolution of the chart width 
simultaneously, since the pens can over- 
lap on the same chart without interfer- 
ence. Active research on strip chart re- 
corders has yielded high reliability, 
improved writing systems and other ad- 
vances. Important features are: solid 
state circuitry, reliability, electric writ- 
ing, optical slidewires, modular con- 
struction, versatile multi-range perfor- 
mance for laboratory applications, wide 
choice of single range performance for 
industrial applications. 

Basic operation 
Each Hewlett ~ Packard servo - driven 

strip-chart recorder uses an individual 
electrical servo system for each channel 
employed. All servos are similar. Each 
consists of a basic balancing circuit, plus 
auxiliary elements for instrument versa- 
tility. 

The self-balancing potentiometer cir- 
cuit compares an unknown external volt- 
age with a stable internal reference volt- 
age. The difference between these 
voltages is amplified and applied to a 
servo motor to drive a potentiometer in 
a direction that will null any difference 
or error voltage. Accuracy of plots made 
by this principle is typically 0.2%. The 
full-scale span of the recorder for each 
channel is obtained with input signals as 
low as one millivolt. Thus, the output of 
many low-level devices, such as thermo- 
couples and strain-gages, may be plotted 
directly without additional amplification. 

A stepped attenuator or span selector 
is included for each channel, so voltages 
as high as 100 volts full scale may be 
handled directly. Input resistance is at 
least 200,000 ohms per volt, with higher 
values, including constant 1-megohm in- 

put resistance, available on most models. 
Sensitivity may be as high as 100 micro- 
volts per inch. 

Zero controls provide adjustment of 
electrical zero to any position on the 
chart and one full scale zero suppression. 

Hewlett-Packard strip chart recorders 
provide three types of writing systems: 
ink, pressure stylus, and electric writing. 

Ink recording is standard and still the 
most generally used writing method. 
Hewlett-Packard recorders employ the 
capillary ink feed system in which the 
ink supply is a cartridge or tank. After 
priming, flow is maintained by the capil- 
lary process. 

Pressure-sensitive paper may be used 
on Model 680 recorders. When this mode 
of writing is employed, the pen is re- 
placed with a stylus. The stylus exerts 
pressure on the pressure-sensitive paper, 
resulting in a display. The main advan- 
tage is elimination of pen clogging and 
the need to replenish ink supply, thus 
enabling unattended operation. 

Electric writing is also available on 
most strip chart recorders. With the 
elimination of ink refilling, long term 
unattended recording with maximum re- 
liability is possible. Electric writing fea- 
tures crisp, clean, permanent records 
with the advantage of instant start-up. 
It is not sensitive to light or pressure, 
eliminating special handling; it is odor- 
less and permanent, without processing. 

A variety of options and accessories 
is available to customize the recorder for 

Types of writing systems 

Options and accessories 

individual applications. Options include 
event markers, retransmitting potenti- 
ometers, remote electric pen lift, remote 
chart drive switch, disc integrator, limit 
switches, etc. 

Available accessories include input fil- 
ters, logarithmic converters, line follow- 
ers, BNC adapters, etc. 

Most special applications can be satis- 
fied by using one or more of the available 
options and accessories. 

Industrial recorders 
Requirements for industrial strip chart 

recorders are more critical than those 
for laboratory recorders. The main fac- 
tors to be considered before purchasing 
a recorder are desired performance, 
length of continuous unattended opera- 
tion, and the maximum down time that 
can be tolerated. An often overlooked 
consideration is how readily and inex- 
pensively can the recorder be converted 
for use in applications other than those 
for which it is originally purchased. The 
versatility of the instrument should be 
carefully analyzed. 

Hewlett-Packard industrial strip chart 
recorders are completely modular in de- 
sign. This provides three definite advan- 
tages: (1 )  Selection of a low cost re- 
corder tailor-made to the measurement 
need. ( 2 )  Isolation of faults to modules, 
any of which may quickly be replaced. 
( 3 )  Special or optional modules may be 
purchased later if requirements for the 
recorder change. 

Unattended operation for long periods 
of time is possible with long roll charts 
and large ink reservoirs, or electric writ- 

Hew1 ett- Pac ka rd stri p-cha rt recorders 
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RECO R D ERS continued 

Strip chart and oscillographic recorders RECORDERS 

7708A Recorder 

ing. Balance potentiometers are available 
with no mozfing contact, virtually elim- 
inating maintenance, and insuring long 
life. 

Direct- wr it ing galvanometer 
recorders 

A considerable proportion of data re- 
cording requirements is for continuous, 
visible analog records of signals with 
maximum significant frequency content 
in the range 30 to 150 Hz. These needs 
are well filled by direct-writing instru- 
ments operating on the galvanometer 
principle. In the Hewlett-Packard family 
are four extensive series of Sanborn re- 
corders in this category. Three produce 
inkless, rectilinear traces on matched 
thermo-sensitive Permapaper@ by the hot 
stylus method. Linearity of 0.5% full 

7858A Recorder 

scale, resolution of 4 cycles/mm of paper 
travel even at small amplitudes, and re- 
liable operation without attention to the 
writing medium are significant advan- 
tages of the Sanborn thermal writing 
method. Standard versions are available 
with 1, 2 ,  4, 6, 8 and 16 channels. 

The fourth recorder-Model 7858A- 
produces rectilinear traces in instant- 
drying ink on Hewlett-Packard Z-fold 
paper or rolls. This compact, solid-state 
eight-channel recorder utilizes a pen posi- 
tion feedback technique providing greater 
accuracy for true rectilinear recording of 
analog signals for applications involving 
telemetry systems, medical instrumenta- 
tion systems and analog computers. A 
pressurized ink system, with plug-in ink 
reservoir produces ultra-clear traces 
throughout a speed range of ,025 to 200 
mm/sec. The 7858A also features a fre- 
quency response of dc-15OHz (-3 dB) 
at 10 div pp deflection and 60 Hz 
(max.),  for full-scale deflection. Line- 
arity is 0.5% full-scale. 

These recorders are well suited for 
data recording applications in scientific 
and industrial research, production and 
environmental testing, quality control, 
communications, telemetry, and process 
control. In the medical field, they are de- 
signed for use in cardio-pulmonary and 
catheterization laboratories, and a wide 
range of research, clinical and teaching 
applications. 

The Sanborn Division also offers 
smaller one- and two-channel recorders, 
some of the portable type, which uni- 
quely fill many purposes. Among these, 
Model 7701A achieves two to three times 
the resolution of conventional direct- 
writing recorders by offering response of 
30 Hz across the full 100 mm of its chart 
width. I t  accurately displays critical levels 
of force, velocity, strain, displacement 
and other measurements with unmatched 
clarity. 

A broad line of amplifiers and signal- 
conditioners matches the Sanborn ther- 
mal direct-writing recorders to trans- 
ducers, including direct and carrier types. 
These amplifiers include: individual- 
channel plug-ins of (1) a highly versatile, 
maximum-signal-control design using 
tube and solid-state circuitry (1 1 models) 
and ( 2 )  miniaturized all solid-state ver- 
sions available in seven models; 6 or 8 
identical amplifier channels on a common 
plug-in chassis are available in four types. 

There also are important needs for con- 
tinuous, visible analog records of signals 
with significant content in the frequency 

1 
4508A Recorder 

range 0 to 5 kHz or more. These are well 
met by Sanborn direct-writing high-speed 
optical recorders. They are ideal for 
monitoring and recording such variables 
as temperature, pressure, force, displace- 
ment, strain, computer and power supply 
outputs in missile and engine analysis, 
analog recording, production testing, con- 
trol applications and nuclear tests. They 
employ compact, high-speed galvanome- 
ters to direct light beams, recording at  
amplitudes up to 8” on photo-sensitive 
paper. Rectilinear charts are produced, 
and traces may overlap. Standard ver- 
sions are available up to 25 channels. One 
series of these highspeed Sanborn optical 
recorders writes with high-intensity ultra- 
violet light, to produce almost-imme- 
diately visible traces which require no 
chemical development; another series 
writes with light originating in incandes- 
cent lamps, producing traces of high con- 
trast on photosensitive paper stock of 
lower cost, but requiring chemical de- 
velopment. This, however, may be ac- 
complished rapidly and continuously by 
an optional automatic rapid developer at- 
tachment to the recorder. 

The same wide options among ampli- 
fiers and signal-conditioners are offered 
both for optical and for thermal-writing 
instruments. 

Excellence of performance in all types 
of galvanometric recorders depends 
heavily upon the paper medium used. 
Sanborn quality-controlled papers play 
a large part in determining the resolu- 
tion and reliability of these instruments. 
Standard papers are available in a wide 
variety to suit a broad range of general 
and special applications, and custom serv- 
ices are offered where needed. 
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The Models 680 and 680M, 6” strip-chart recorders pro- 
vide a wide range of performance for  general or specialized 
use. T h e  680 is equipped with multi-range input, multi-speed 

features essential for general purpose applications. The  in- 
strument is available with standard (English) or metric 
scaling (680M) and extra cost options such as retransmitting 
potentiometers, event markers, limit switches, and dual rack 
adapter for rack mounting in pairs. I t  is useful for recording 
the output of HP Digital recorders such as the Model 562A 
when equipped with two D/A converters such as the Model 
581A. 

T h e  recorder features modular construction with all tran- 
sistor circuitry, high accuracy, fast response, synchronous 
motor chart drive and full view tilting chart magazine. Stan- 
dard facilities include instant chart speed transfer, local and 
remote pen lift control, tear-off or chart roll storage, and a 
choice of cartridge-fed ink pen or pressure stylus. Optional 
electric writing provides crisp, clean, permanent records for 
long-term unattended recording capability. 

Specifications 
Recording mechanism: 

- chart transport, full-range zero set, and electric pen lift; 

I n k  servo actuated ink pen drive, free of ground, with 
local and remote pen lift and full scale zero adjustment. 

Pressure sensitive: similar to ink mechanism except a 
stylus for pressure sensitive paper is furnished in place 
of the ink pen. 

Electric: similar to ink mechanism except a stylus for elec- 
trosensitive paper and the associated electronics are 
furnished in place of the ink pen. 

Chart requirements: 
I n k  6” by 100’ roll charts, 5 inch (12 cm) writing width. 

Approximately 4” by 6” visible chart area during oper- 
ation. 

Pressure sensitive: 6” by 80’ roll charts, 5” ( 1 2  cm) 
writing width. 

Electrosensitive: 6” by 80’ roll charts, 5” (12 cm) writing 
width. 

Response time: one-half second or less for full scale. 
Chart speeds: eight-synchronous motor controlled speeds at, 

1, 2,  4, 8 inches per minute; 1, 2, 4, 8 inches per hour. 
Metric model: 2 .5 ,  5 ,  10, 20 centimeters per minute; 2.5,  
5, 10, 20 cm per hour, Speeds in a ratio of 16 to 1 may 
be supplied at additional cost. 

Spans: ten calibrated spans of 5 ,  10, 50, 100, and 500 milli- 
volts; 1, 5 ,  10, 50, and 100 V full scale, Metric model 
has spans of 6, 12, 60, 120, and 600 millivolts; 1 .2 ,  6, 
12, 60, and 120 V. An extra span of 1 millivolt, full 
scale, is available at extra cost (1 .2  m V  on metric). 

Input resistance: 200,000 ohms per volt (166,666 ohms/ 
volt on metric models) full scale, through 10 volt spans; 
2 megohms on all others. Potentionietric input on most 
sensitive span permits operation with essentially zero cur- 
rent drain at null, Constant 100,000 ohm input resistance 
on all spans available at extra cost on both models. 

Standardization: continuous electronic reference from zener 
diode controlled power supply. 

Accuracy: better than 0 . 2 7 ~  of full scale. Resettability: 0.154 
of full scale. 

Interference rejection: dc common mode rejection better than 
100,000 to 1 on 5 millivolt span. 

Power requirements: 11 j /230  volts, 60 Hz,22 volt-amperes, 
50 Hz models available at no extra cost, Option 10. 

Physical dimensions: 6?4” (165 m m )  high, 8-3/5” (219 
m m )  deep, 7y4” (197 m m )  wide. Rack mounting re- 
quires 7 inches of vertical space. 

Weight: net approximately 11 Ibs ( 5  k g ) ;  shipping 17  lbs 

Accessory kit supplied: spare fuse, pen cleaning wire, slide- 
wire cleaner and lubricant, 2 ink cartridges (red and 
blue), set of Bristol wrenches, and a roll of appropriate 
chart paper. 

Models 680 (standard) or 680M (metric) : 

(7,6 k g ) .  

Prices: 
$750 

$800 

$825 

Model H01-680 or HO1-68OM (with added span of / 
1 mV on H01-680 or 1 .2  m V  on €301-680M) : 

ohms input resistance on all spans) : 

-01 With installed j k ,  0 .1% linearity 
retransmitting potentiometer: add $50 

-02 With installed event marker: add $25 
-03 With installed limit switches: add $90 
-08 With 16 to 1 instead of 60 to 1 

speed reducer: add 825 
-07 With remote chart drive switch: add $25 

-1 1 With .special scale markings: add $10 

-13 For operation with Logarithmic 
Converter: add $25 

-14 Glass door with lock: add $45 
-1 5 Electric writing: add 575 

Model H02-680 or H02-680M (with 100,000 

Options: 

-10 For 115/230 V, 50 Hz operation: 

-12 With stylus for pressure sensitive paper: 

n/c 

n/c 
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INDUSTRIAL RECORDERS 
6” and 11” calibrated spans 
Model 5700A Series 

The HP Industrial Strip Chart Recorders are dual and 
single channel instruments designed for installation in racks 
or on industrial panels. Four models are available-single 
pen and two pens in both 6 inch and 11 inch spans. 

The modular concept used in these recorders provides 
standardization of subassemblies within the entire line of 
recorders. Like modules may be interchanged between re- 
corders or quickly removed and replaced in case of malfunc- 
tion. Servo module, amplifier, range card, control panel, chart 
magazine, chart motor, and even the entire frame are modu- 
lar and may be replaced in approximately 5 minutes without 
removing the instrument from the line. Fault isolation to 
modules and replacement of defective module may be accom- 
plished rapidly. This minimizes “on line” down time and 
allows repairs to be performed by skilled personnel in instru- 
ment maintenance shops, 

This modular concept is a realistic approach to providing 
the ultimate in dependability. The instrument still maintains 
the highest degree of reliability and trouble-free operation. 

The modular design also allows instruments to be modi- 
fied on the line to meet changing requirements. A one pen 
recorder may be converted to a two pen recorder by adding 
an identical servo module and amplifier. New speeds and 
spans may be obtained by simply plugging in a new motor 
gear box and/or range card. These modifications may be 
accomplished within minutes in the field. 

Isolated operation for long periods of time is possible 
with 120 foot roll charts and a large ink reservoir. High 
reliability is achieved by the all-new solid-state circuitry, 
zener reference, and Moseley developed multi-contact flat 
mandrel potentiometers, Optional Moseley exclusive non- 
contacting potentiometers (6” recorder only) provide long 
life and low maintenance, due to no moving contacts. A roll 
out carriage offers access to all components and allows quick 
removal of the instrument from the case. 

The tilt-out chart magazine locks in two extended posi- 
tions, 30’ and 4 5 O .  These positions are designed to aid in 
writing notes on the graph paper during recordings. A chart 
paper suppiy indicator is a standard feature on both models. 

Each pen has an individual scale. Special scales are avail- 
able. 

Input connections are made to terminals located on the 
rear of the recorder. The input may be floated to 2 500 V dc. 
All models are supplied with a single span per channel and 
single speed. The appropriate model number for the de- 
sired span (range card) may be selected from Figure 2. Each 
range card contains a precision adjustable potentiometer al- 
lowing range card calibration over a 2 .1  span (minimum). 
The plug-in range card may be quickly changed without re- 
moving the instrument from the panel. 

A complete line of plug-in accessories is being developed 
to  further enhance the capability of the recorders. All models 
are designed to accept plug-ins such as temperature module 
with automatic compensation of reference junction with 
changes in ambient temperature, adjustable zero and adjust- 
able span, automatic ranging, and others. 

Options 
A variety of options is available to customize the recorder 

for each individual application. These options include: Up  
to two event markers per instrument; one retransmitting 
potentiometer per channel; up to 8 “dry circuit” limit 
switches per channel, each rated at 100 V, 250 milliamps 
(limited to 8 per instrument) ; remote electric pen lift, each 
pen actuated individually by a contact closure; input burnout 
protection; remote chart switch; power switch omitted; and 
electric writing. 

New Hewlett-Packard developed electric writing pro- 
vides instant startup and crisp, clean, permanent records. 
I t  eliminates ink refilling providing long term unattended 
recording capability, is not sensitive to light or pressure, and 
is odorless and permanent without processing. Electro-sensi- 
tive paper offers uniform traces at all recorder speeds and is 
ideal for many critical applications. All of the above options 
may be simultaneously included in a recorder. An accessory 
cable (Option 20) is required for certain options as shown 
in the specifications. 
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Speci 

Span: single span (selected from Figure 2 ) .  
Input impedance: input operates in a potentiometric mode 

with spans from 1 to 100 mV, providing infinite imped- 
ance at null. With spans above 100 mV input impedance 
is a con9tant 1 megohm. 

Interference rejection: transverse interference (normal mode) 
60 dB at 60 Hz (60  dB at 50 Hz with Option 1 9 ) .  Longi- 
tudinal interference (common mode) 120 dB at power 
line frequency. 

Span step response time: 0.5 second maximum at 50 or 60 
Hz-5700 and 5701; 0.7 second maximum at 60 Hz (0.8 
sec 50 Hz)-5702 and 5703. 

Chart requirements: 5700A/5701A: 7 inch by 120 foot roll 
charts, 6 inch calibrated width. 5702A/5703A: 1 2  inch 
by 120 foot roll charts; 11 inch calibrated width. 

Accuracy: +0.25% or 5 microvolts, whichever is greater. 
Dead band: & O . l %  or 5 microvolts, whichever is greater. 
Terminal-based linearity: +0.170. 
Zero adjust: continuously adjustable one full scale to the 

right or left of the zero position. 
Standardization: continuous electronic Zener reference. 
Source impedance: 10 k maximum on potentiometric input 

range cards. Unrestricted on 1 meg. range cards. 
Chart speed: single chart speed (selected from Figure 1 ) .  

Motor may be easily changed. Extra chart drive motors 
for speeds from Figure 1 available at $20. 

Available chart speeds-select one for each recorder: 

Figure 1. Chart Speeds 

Recording mechanism: servo actuated pen drive; floating and 
guarded input; mechanical pen lift. One large ink reservoir 
for each channel. 

Power requirements: 115 volts; 60 Hz. 115 volt-amps 
(basic) . 

Physical dimensions: 11” and 6” dual rack models: 19” wide, 
12%’’ high, 15”  deep. 6” single enclosure. 10-3/5” wide, 
12$4’’ high, 15”  deep. 

Weight: 5701 net approximately 30 lbs, shipping 42 lbs. 
5703 net approximately 42 Ibs, shipping 55  lbs. 

Accessory kit supplied: spare fuse, slidewire cleaner, slide- 
wire lubricant, 1 bottle of ink per channel (red and green, 
5700A and 5702A only), set of Bristol wrenches, a roll 
of appropriate graph paper, a package of 5 pen tips (dis- 
posable), syringe, and tubing. 

5700A-6” 2 pen 
5701A-6” 1 pen 
E01-5700A (5700A/5700A in one cabinet) 
E03-5701A (5701A/5701A in one cabinet) 
E02-5700A (5700A/5701A in one cabinet) 
5702A-11” 2 pen 
5703A-11” 1 pen 

Options: 
01 6 inch recorder in left side of dual case 
02 6 inch recorder in right side of dual case 
03  Air purged case 

Prices: 
$1325 
$ 825  
$2560 
$1560 
$2060 
$1895 
$ 995 

fica itions 
“04 Right-hand Event Marker 
“05 Left-hand Event Marker 
*06 One retransmitting potentiometer 

“07 One retransmitting potentiometer 

“ 0 8  Limit Switch-1 each (channel # 1 * * ) 
*09 Limit Switch-2 each (channel #I**)  
“10 Limit Switch-3 each (channel #I*.*) 
* 11 Limit Switch-4 each (channel # 1 * * ) 
“ 1 2  Limit Switch-1 each (channel # 2 )  
*13 Limit Switch-2 each (channel # 2 )  
*14 Limit Switch-3 each (channel # 2 )  
* 1 5  Limit Switch-4 each (channel # 2) 
*16 Remote pen lift (channel #1**) 
“17 Remote pen lift (channel # 2 )  

(channel # I * * )  1 k ohm standard 

(channel # 2 )  1 k ohm 

18 Power Switch omitted 
19  50 Hz operation 
20 Accessory Cable 
21  230 volts operation 
22  Non-Contact Potentiometer (5701A only) 

23 Non-Contact Potentiometer (5700A only) 

24 Door Lock (Key) 
25  Electric Writing (5701A and 5703A) 
26 Electric Writing (5700A and 5702A) 
27 Jump Speed 10:1 

“28 Remote On-Off Chart Control 
29 Zero Right (channel #1**) 
30 Zero Center (channel # 1 * *) 
31 Zero Right (channel # 2 )  
32 Zero Center (channel # 2 )  
33 Jump Speed 60 : 1 

One range card (for input span selection) 

Terminal based linearity 0.296 

Terminal based linearity 0.2% 

Range Card 

channel must be specified when ordering recorder. 

SDecifications 

$ 35 
$ 35 

$ 55 

$100 

for each 

Figure 2 

Span: calibrated at factory to any full scale span within the 

Price: any of the above range cards, $35. 
range of the card, 

Note: one card supplied at no charge with each channel of 
5700A/5701A/5702A/5703A recorders. 

01 Burnout Protection: an open input drives 

02 Burnout Protection: an open input drives 

Options: 

the pen to the right 

the pen to the left 

$ 10 

$ 10 
*Requires accessory cable Option 20. 

**Channel 1 i s  the lower pen. 
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Description 

The 7100B Series recorders have a basic recorder frame 
with 12  speed strip chart transport which provides 10” strip 
chart recording capabilities. Each input channel accepts any 
of the wide variety of input modules which determine the 
electrical span or special purpose recording capability. The 
7100B has two pens and takes two modules; the 7101B has 
one pen and takes one input module. Metric and rack mount- 

specify basic frame and exact input module or modules re- 
quired. 

Each main frame is equipped with a modular chart maga- 
zine which will swing out from its vertical position if de- 
sired to lock at a IOo angle for operational viewing or 30’ 
for convenient note writing. Optional features available in- 
clude event markers, electric pen lift, and chart drive start- 
stop (all remotely controllable). Retransmitting potentiom- 
eters, limit switches, and remote 10:1 speed changer are also 

ing models are also avaiiable. Ordering information should available. 

71008 

Specifications 
Recording mechanism: servo activated ink pen drives; manually 

operated pen lift. 
Response time: maximum 0.5 sec. (50 Hz operation 0.6 sec.). 

(Reduce for some input modules.) 
Chart capacity: 120’ chart rolls 11” wide with 10’’ calibrated 

writing width. 
Chart speeds: standard models: I ,  2 iw‘hr; 0.1, 0.2, 0.5, 1, 2 in/ 

min; 0.1, 0.2, 0.5, 1, 2 in/sec; metric models: 2.5,  5, 15 ,  30, 
cm/hr; 1 .25 ,  2.5, 5,  15,  30 cq/min; 1 .25 ,  2.5,  5 cm/sec. Remotely 
controlled 10 to 1 speed reducer available at extra cost. 

Power: 115 or 230 V & l o % ,  60 Hz, 65 volt-amperes for 7100. 
42 volt-amperes for Model 7101B. 115 or 230 V, 50 Hz models 
available as option. 

Weight: 7100B, net 22 Ibs (9,9 k g ) ,  shipping 30 lbs (13,5 k g ) ;  
7101B, net 2 1  Ibs (9,45 kg ) ,  shipping 28 lbs (12,6 kg ) .  All 
weights exclude input modules. 

1. Accessory kit contains: ink c a r t r i d g e 4  each of red and 4 
each of blue, set of Bristol wrenches, balance potentiometer 
lubricant, balance potentiometer cleaner, syringe and tube for 
ink system cleaning, extra pen for each channel, rear input 
mating connector, and pen cleaning wire. 

2.  Appropriate graph paper (one 120’ roll) 
3. Power cord (7’) 
4. Instruction manual 

Accessories supplied: 

Dimensions: 16%’’ long, 8-11/16” high, 7%”  deep. 
Radio frequency interference: meets specifications of MIL-I- 

6181D. 

Prices: (basic frame less input module) 
Dual channel Models 7100B (standard) ; 7100BR standard 

Single channel Models 7101B (standard),  7101BR 
rack, 7100BM (metric),  7100BMR (metric rack) : 

(standard rack),  7101BM (metric), 7101BMR 

$1300 

(metric rack) : $1000 
Options: 

02 With 10 to 1 remote speed reducer: add $ 85 
04 With 5000 ohm retransmitting potentiometer 

add $ 50 
05 With high-low limit switches (7101B and channel 

add S 50 
add S 50 06 Electric pen-lift with remote control: 

07 With remote on-off chart control: add $ 25 
10 For 115 or 230 V, 50 Hz operation: nJc 

add 8 50 11 With latching glass door: 
12 With left mounted event marker: add $ 35 

*14 With two event markers: add $ 70 
* 15  With Disc Integrator: add $585 
* 16 With 5000 ohm retransmitting potentiometer 

add S 50 in channel #2: 
17 With high-low limit switches 

(channel #2 on 7100B) : add $ 50 
18 With high-low limit switches 

(both channels of 7100B) : add $100 
add $ 75 

n/c 
19 Electric writing: 
20 Scale with “0”  right side: 
2 1  Gray Control Panel: n/c 

in channel #1: 

one on 7100B): 

*Opt ions 14, and 16 can not be ins ta l l ed  when option 15 i s  insta l led.  
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Input modules 
For use with all 7100 Series Basic Frames 

Description (17500A) 
This multiple span plug-in offers high input resistance and 

continuously variable span control. The 17500A has ten Cali- 
brated spans from 5 m V  to 100 V full scale. Inputs are floating 
up to 500 V above ground, have high common mode rejection, 
and present input impedance of one megohm at null on all cali- 
brated spans. Combined with single or dual channel recorder 
frames, it offers an unexcelled, versatile, high precision strip 
chart recorder for general laboratory or industrial use. 

Specifications (1 7500A) 
Voltage spans: ten spans at 5, 10, 50, 100, 500 mV; 1, 5 ,  10, 50, 

100 V, full scale; continuously variable mode on all spans and 
potentiometric operation on four most sensitive spans by removal 
of internal buss wire. 

Accuracy: 10.2% of full scale. 
Linearity: Terminal-Based: 0.1% of full scale. 
Dead band: 0.1% of full scale. 
Input resistance: 1-megohm at null on all fixed calibrated spans; 

when in variable mode, 100,000 ohms on four most sensitive 
spans, 1-megohm on all others. 

Interference rejection: dc common mode, 120 dB on four most 
sensitive ranges; line frequency, 100 dB on four most sensitive 
ranges. 

Zero-set: continuously adjustable over full scale, plus one full scale 
of suppression. 

Maximum source impedance: up to 10 k ohm source impedance 
will not alter recorder's performance on the first four ranges ( 5 ,  
10, 50, 100 mVJfs). Higher source impedances will cause an in- 
crease in dead zone and a decrease in pen speed. No source imped- 
ance restrictions on ranges above 100 mV/fs. 

Reference supply: continuous electronic reference. zener diode 
controlled. 

Weight: 4 lbs net, shipping 7 Ibs. 
Price: Model 17500A $250 
Option: 04. Gray control panel n/c 

Description (1 7501A) 
This multiple span plug-in offers high input resistance and 

continuously variable span control. The 17501A has sixteen 
spans from 1 m V  to 100 V full scale. Inputs are floating up to 
500 V above ground, having high common mode rejection, and 
input impedance of one megohm at null on all spans. Com- 
bined with the recorder frame, it offers an unexcelled, versatile, 
high precision strip chart recorder for general laboratory or 
industrial use. 

Specifications (17501A) 
Voltage spans: sixteen spans: 1, 2, 5, 10, 20, 50, 100, 200, 500 

mV; 1, 2, 5, 10, 20, 50, 100 V full scale. Continuously variable 
mode on all spans and potentiometric operation on six most sensi- 
tive spans by removal of internal buss wire. The high sensitivity 
is obtained by using a single nuvister and associated circuitry. 

Accuracy: 20.2% of full scale. 
Linearity: Terminal Based: 0.1% of full scale. 
Dead band: 0.1% of full scale. 
Input resistance: 1-megohm at null on all fixed and variable spans. 
Interference rejection: dc common mode, 120 dB on three most 

sensitive ranges; line frequency, 100 dB on three most sensitive 
ranges. 

Zero-set: continuously adjustable over full scale, plus one full scale 
of suppression. Extended 5-scale suppression available at extra 

Maximum source impedance: up to 10 k ohm source impedance 
will not alter recorder's performance on the first six ranges (1, 2. 
5 ,  10, 20, 50 mV/fs) Higher source impedances will cause an in- 
crease in dead zone and a decrease in pen speed. No source im- 
pedance restrictions on ranges above 100 mV,/fs. 

Reference supply: continuous electronic references, zener diode 
controlled. 

Weight: 4 lbs net, shipping 7 Ibs. 

cost. 

Price: Model 17501A 
Option:01 With 5-scale zero suppression 

04 Gray control panel 

$350 
add $50 

n/c 

Description (17502A) 
This temperature measuring input module has a special 

single span selected to match almost any commonly used 
thermocouple. A wide variety of ranges are available. Thermo- 
couple reference corrections for changes in ambient tempera- 
ture are made within the module thus eliminating requirements 
for a remote compensation junction. The non-linear thermo- 
couple output is converted within the module to a linear func- 
tion of temperature which allows the use of standard ruled 
graph paper. 

Specifications (17502A) 
Voltage spans: single span to match cold-junction thermocouples. 

Accuracy: *1/2% or *1"C (whichever is greater), refer to NBS 

Input resistance: potentiometric input. 
Reference supply: continuous electronic reference, zener diode 

Interference rejection: dc common mode, 120 dB; line frequency, 

Weight: 4 Ibs net, shipping 7 Ibs. 
Price: iModel 17502A (single span, T-C match) 
Option: 04 Gray control panel 

CIR 561, dtd 1948. 

controlled. 

100 dB. 

6250 
n/c 

Description (17504A) 
This single span plug-in module offers high input resistance 

and wide versatility. Any single span may be ordered from 5 
m V  to 100 V full scale. Additional range cards may be ordered 
for any span within this range. Range cards may be purchased 
with the desired span and may be recalibrated later. if desired. 
to any span within the range card limits, (see below). Inputs 
are floating up to 500 volts above ground, have high cum- 
mon mode rejection, and input impedance of one megohm at 
null. Removal of jumper wire allows potentiometric input on 
four most sensitive range cards ( 5  m V  to 200 m V ) .  This 
modification permits operation with essentially zero current 
drain at null. Combined with the recorder frame, it offers an 
unexcelled, versatile, high precision strip-chart recorder. 

Specifications (17504A) 
Voltage spans: 10 range cards available, which allow any span 

from 5 mV to 100 V full scale. Specify range card (part number) 
or span required when ordering. 

Accuracy: k0.2% of full scale. 
Linearity: TherminaGBased: 0.1% of full scale. 
Dead band: 0.1% of full scale. 
Input resistance: 1 megohm at null. Potentiometric input on first 

four range cards (5 mV to 200 m v )  permits operation with 
essentially zero current drain at null. 

Interference rejection: dc common mode 120 dB on 4 most sensi- 
tive range cards, AC (line freq.) common mode 100 dB on 4 
most sensitive range cards. Combination low pass, line frequency 
notch filter minimizes differential signal noise effects. 

Zero-set: continuously adjustable over full scale and one full scale 
of zero suppression. 

Maximum source impedance: up to 10 k ohm source impedance 
will not alter recorder's performance. 

Reference supply: continuous electronic reference, zener diode 
controlled. 

Frequency: 60 Hz (line frequency) 50 Hz operation optional. 
Weight: 4 Ibs net, shipping 7 Ibs. 
Price: Model 17504A (with one range card) 5200 

Additional range cards $ 2 5  

01 50 Hz operation nJc 
02 Gray control panel n/c 

(specify range card) 

Option: 
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Description 
The Model 7127A/7128A Series 10” strip chart recorders 

are designed primarily for use with gas chromatograph sys- 
tems. However, due to the high degree of flexibility, these 
recorders can be used in a wide range of laboratory and in- 
dustrial applications. They feature high performance, low cost, 
and solid state construction for reliability, compactness, and 
light weight. Model 7128A has two independent servo pen 
drives and requires two input modules. The 7127A is a single 
pen unit and takes one input module. Ordering information 
should specify basic frame and exact input module or modules 
required. 

The Model 17505% input module is designed specifically for 
use with gas chromatography systems. For other applications 
the input modules described on the preceeding page are com- 
patible with the Models 7127A and 7128A main frames. 

Each main frame is equipped with four instantly selected 
chart speeds and a modular chart magazine. The chart maga- 
zine will swing out at a 1 0 ”  or 30” angle for convenient note 
writing. An optional integrator for simultaneously and ac- 
curately computing the area under the &art curve is also 
available. 

Description (17503A) 
The 17503A plug-in is equipped with special circuitry for 

gas chromatography use. A single span of one millivolt full 
scale is provided with potentiometric input. The input can be 
floated up to 500 V above ground and has high common 
mode rejection. Zero may be positioned over the full span or 
suppressed up to one full scale. A high performance input filter 
allows the recording of signals with differential noise. 

Specifications (7 127A/7 128A) 
Recording mechanism: servo activated ink pen drives; manually 

Response time: maximum 0.5 sec. (50 Hz operation 0.6 sec.) 

Chart capacity: 120’ chart rolls 11” wide with 10’’ calibrated 

Chart speeds: 

operated pen lift. 

(Reduce for some input modules.) 

writing width. 

Standard 7127A/7128A--’/4, 1/2,  1, 2 inches/min. 
H01-7127A & H01-7128A-6, 12 ,  24, 48 inches/hour. 
H02-7127A & H02-7128A-11/2, 3, 6, 12 inches/hour. 

Power: 115 or 230 V *IO%, 60 Hz, 65 volt-amperes for 7128A; 
42 volt-amperes for Model 7127A, 115 or 230 V, 50 Hz models 
available as option. 

Weight: 7128A, net 30 Ibs, shipping 38 Ibs 7127A, net 2 5  Ibs, 
shipping 32 Ibs. All weights include input modules. 

Accessories supplied: 
(1) Accessory kit contains: ink cartridge-4 each of red and 4 
each of blue, set of Bristol wrenches, balance potentiometer clean- 
er, syringe and tube for ink system cleaning, extra pen for each 
channel, rear input mating connector, and pen cleaning wire. ( 2 )  
Appropriate graph paper (one 120’ roll). ( 3 )  Power cord ( 7 ’ ) .  
( 4 )  Instruction manual. ( 5 )  Rack mounting brackets. 

Dimensions: 163/“  long, 8-11/16” high, 7-’/4“ deep. 
Radio frequency interference: meets specifications of MlL-I-618D. 
Prices: (basic frame less input module) : 

Single Channel Model 7127A 
H01-7127A 
H02-7127A 

Dual Channel Model 7128A 
HO 1-71 28A 
H02-7128A 

Options: 
01 With high-low limit switches 

(7128~4 and channel one on 7128A): 
02 With remote on-off chart control: 
03 For 115 or 230 V,50 Hz operation: 
04 With left mounted event marker: 

*06 With two event markers: 
“07 With disc integrator: 
08 Remote controlled electric pen lift: 
09 With high-low limit switches 

(channel two on 7128A) : 
10 With high-low limit switches 

(both channels on 7128A) : 
11 With carrying handle: 

chromatograph systems: 
$12 Mounted in cabinet compatible with F & M 

f13 With locking glass door: 
14 With 5 k ohm retransmitting potentiometer 

* I 5  With 5 k ohm retransmitting potentiometer 

*16 With 5 k retransmitting potentiometers 

(7127A and channel #I  on 7128A) : 

(channel #2 7 1 2 8 ~ 4 ) :  

(channel #I and #2 7128A):  
17 Electric writing: 
18 Scale marked for use with integrator (integrator 

20 Scale with “0” right side: 
21 Gray control panel: 

not supplied) calibrated writing width 8” :  

Specifications (17503A) 
Voltage span: I mV full scale (fixed). 
Accuracy: *0,2% of full scale 
Linearity: terminal based: 0.1% of full scale. 
Dead band: 0.1% of full scale. 
Inout resistance: potentiometric. 

$ 850 
S 850 
$ 850 
$1150 
$1150 
$1150 

add $ 50 
add $ 2 5  

n/c 
add $ 35 
add $ 70 
add $585 
add $ 50 

add S 50 

add $100 
add $ 25 

add $ 50 
add $ 50 

add $ 50 

add $ 50 

add $100 
add $ 75 

add 8 15 
n/c 
l l / C  

Interference rejection: dc common mode, 120 dB. Line frequency 
common mode 100 dB. Contains filter for attenuation of noise 
and line frequency pickup. 

Zero set: continuously adjustable over full scale, plus one full scale 
of zero suppression. 

Maximum source impedance: up to 5 k ohm source impedance 
will not alter recorder’s performance. Higher source impedance 
will cause an increase in dead zone and a decrease in pen speed. 

Frequency: 60 Hz (line frequency) 50 Hz operation optional. 
Price: Model 17503A, $250. 
Options: 

01 Detector selector switch n/c 
02 50 Hz operation n/c 
03 1 mY (for 8” travel) for use with integrator n/c 
04 Gray control panel n/c 

*Option 06, 15, 16 cannot be insta l led when inst rument  i s  equipped w i th  

TOnly one opt ion (e i ther  1 2  or 13) can be insta l led,  but not  both. 
Option 07. 
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Input 
Attenuation 

0 
- 10 
- 20 
- 30 
- 40 

The  Models 7560A and 7561A are completely self- 
contained dual and single channel instruments, respectively. 
They produce dc output voltages in logarithmic relationship 
to dc input voltages or the peak or average amplitude of 
ac input voltages over a 1000 to 1 amplitude range. The 
output signal of one channel may be applied directly to one 
axis of an X - Y  recorder to produce curves rep,resenting 
logarithmic values as a function of an independent variable 
applied to the second axis. Since the logarithmic scale com- 
presses the high amplitudes and expands the lower ones, the 
presentation has the advantage of plotting over wide ampli- 
tude ranges with maximum accuracy at low levels. The con- 
verter is especially useful working with decibel scales, and 
when used as a computing element. For log-log plotting, the 
dual channel converter may be used with one channel for 
each axis of the recorder. 

All functional controls of the 75604  and the 7561A are 
conveniently located on the front panel. These include input 

AC Input Range DC 

,001 to 1.0 volt 
,00316 to 3.16 
.01 to 10.0 
.0316 to 31.6 
.10 to 100.0 

(sine wave, RMS) Input Range 
,00316 to 3.16 volt 
.01 to 10.0 
.0316 to 31.6 
.10 to 100.0 
.316 to 316.0 

power switch. Input and output connectors are provided 
both on the front and rear, Input attenuator steps of 0 ,  10, 
20, 30 and 40 dB permit application of ac signals from 1 
mV to 100 volts, and dc from 3.16 mV to 316 volts. The 
output selector may be set to establish deflections of 5, 10, 
or 20 dB/inch on the 10 mV/inch range of a standard 
Moseley X - Y  recorder. Metric models (7560AM, 7561AM) 
are available and provide 2, 5, and 10 dB/cm on the 2 mV/ 
cm range of metric recorders. 

The cabinet is attractively designed in a compact module 
suitable for bench operation with a tilt-bail, and is easily 
convertible to rack mounting. Completely transistorized 
including a self-contained power supply, the 7560A and 
7561A may be utilized in numerous applications as a sys- 
tems element. 

A typical application is in plotting the frequency charac- 
teristics of filters, transformers, amdifiers. networks and 

, I  

and output attenuators, ac-dc input selector switch, meter and similar devices. 

Specifications 
Response speed: up to 1-second for input change of 20 dB. 

Calibration stability: ~ 0 . 5  dB (better than k O . 2  dB over 
any 24-hour period).  

Input impedance: approximately 2 megohms, 35 pF  (either 
ac or dc.) 

Accuracy: i 0 . 5  dB up to 50 kHz; and i1.0 dB up to 100 
kHz; with continuous signal changes less than 2 dB/sec. 

Power: 115 or 230 V, 50 to 60 Hz, approximately 40 watts 
on the 7560A, 25 watts on the 7561A. 

Price: 
Dual channel: Model 7560A (standard), $975. 

Model 7560AM (metric),  $975. 
Single channel: Model 7561A (standard), $595. 

Model 7561AM (metric), 5595. 
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Moseley roll chart adapters are designed especially for 
use with bench type model 2D, 2FA and 7000ASeries X-Y 
recorders. They permit use of 10” x 120’ continuous roll 
chart paper in a variety of operating modes. The roll chart 
accessories are supplied in a kit for user installation, using 
pre-tapped mounting holes in compatible recorders. 

Model 17006A 
This model permits manual chart advance by operating a 

hand crank. A crank handle also is provided on the supply 
reel for rewind purposes. Included is a tear-off wire attach- 
ment for chart “pull through, tear off .” 

Model 17007A 
The 17007A converts compatible recorders to operation 

as a strip-chart recorder of high accuracy and sensitivity. 
The 17007A adapter consists of a synchronous motor and 

corder; eight selectable speeds are provided. Standard speeds 
furnished are 10, 4, 2 ,  1 min/in and 30, 15, 5, 2 sec/in. 
Metrically scaled and calibrated units (17007AM) are avail- 
able at no extra cost to operate at speeds of 240, 96, 48, 24, 
12 ,  6, 2 ,  0.8 sec/cm. Both models are available (optional) 
for operation on 50 cycle current. 

Model 17008A 
The 17008~4 provides compatible recorders with the capa- 

bility of individual frame positioning of a continuous chart 
roll. Paper moves from right to left across the recorder 
platen in 19 inch increments. The  advance cycle is initiated 
by a push-button and is completed in approximately four 
seconds, Frame positioning is precise with stopping point 
repeatable within 20 .01  inch. During chart advance, the 
drive unit pulls the paper across the platen, meters it, and 
stores it on a take-up roller. If desired, single frames may be 
fed out and separated by tearing against the bottom of the 

gear-train assembfy which attaches to.the left side of the re- drive unit pressure roller cover. 

17006A 17007A 17008A 

~~~ ~ 

Specifications 
Compatible recorders: most bench model 2D,2FA and 

Paper requirements: 

7000A Series Moseley X-Y Recorders. 

17007A: Continuous grid roll chart, 10” x 120’. 
17008A: Frame chart rolls with 10” x 15” frames 4” 

17006A: Any of the above paper. 

17006A: None. 
17007A On-Off switch, speed selector and “Drive-Stop” 

17008A: Push- button advance command with provision 

margin, 120’ long. 

Controls: 

lever. 

for remote control. 

17006A Manual drive. 
17007A A speed selector provides eight speeds: 10, 4, 

2 ,  1 min/in. 30, 15 ,  5, 2 sec/in. Metric: 2 4 0 ,  96, 48, 
2 4 ,  12,  6, 2 ,  0.8 sec/cm. 

Chart speed: 

17008A: Advance cycle of approximately 4 seconds; stop- 
ping point of chart repeatable within k 0 . 0 1  inch 
(adjustable). 

Power: 
17006A None (manual). 
17007A: 115 V, 60 cycle, normally supplied from asso- 

ciated recorder which may be operated from either 11 5 
or 230  V (  50 cycle operation optional). 

17008A: 115 V, 50 to 60 cycles, normally supplied from 
associated recorder which may be operated from either 
115 or 230 v. 

Price: 
17006A $85 

17008A $575 

*01, Remote control of chart drive add $25 
0 2 .  Designed for 50 Hz operation n/c 

17007A or 17007AM (metric) $575 

Options: (17007A/AM only) 

*NOTE: Not compat ib le wi th 2D4 recorders.  
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40D keyboard 
The Moseley 40D is a full keyboard-type accessory for use 

with compatible Moseley x-y recorders to plot tabular data in 
point-graph form. Operating power is derived from an x-y 
recorder through a cable and plug connector which also carries 
servo-positioning information back to the recorder. Keyboard 
for each axis includes polarity, hold, clear and calibrate keys. 
Panel selectors control circuits for zero suppression,points/inch 
calibration and logarithmic plotting. 

Keyboard:, two 3-column, nine-row arrays and unit ' I  1000" keys. 
Numbers from 0 to k 1 9 9 9  on each axis; function keys proiide 
x hold, y hold, calibrate, clear and main clear. 

Output attenuator (linear mode): 5 fixed steps at 10, 20, 50, 100, 
200 pts/inch ( 5 ,  10, 25, 50, 100 pts/cm on metric model); pro- 
vision for variable attenuation between steps up to 500 pts/inch 
(200 pts/cm on metric model). 

Accuracy: * 0.1 %. 
Power: 115 or 230 V, 50 to 60 Hz, single phase, approximately 12 

Dimensions: 978'' wide, 5-3/16" high, 13-11/16" deep ( 2 4 4  x 

Weight: net 16 Ibs (7,2 kg);  shipping 30 Ibs ( 1 3 , 5  kg). 
Price: Moseley 40D or 40DM (metric): $975; when ordering for 

use with existing hfoseley x-y recorders, specify model and serial 
number (compatible recorders must have digital or point plotter 
receptacles). 

volt-amperes (derived from associated recorder). 

132 x 348 m m ) .  

G-2 null detector 
The Moseley G-2 Null Detector is an accessory for use with 

Moseley x-y recorders during point plotting. It controls the 
operation of the recorder in any one of five modes during 
plotting of continuous, discontinuous or point function data. 
The source may be any analog signal producing system, or 
digital system with conversion accessories. Available in two 
versions, the G-2A mounts internally as a plug-in unit in 
Moseley 2D-2 and 2D-3 Recorders; G-2B is a cabinet model 
with cable and plug for connection to al l  Model 2 D  Series 
(except 2D-4) ,  and existing Models 2A, 2S, and 4s Recorders. 
For optimum performance, the G - 2 A  should be factory install- 
ed. 
Plot rate: in point mode. 6 plots/sec, max. using 17009~4 Character 

Printer; in line mode, 7 pts/sec. max. when points are displaced 
an average of 0.05 in and using regular recorder pen. 

Sensitivity: better than 0.4% of full scale. 
Power: 11 5 V, 50 to 60 Hz, 1 W single phase. 
Price: Moseley G-2A or G-2B, $265; when ordering for existing 

recorders, specify model and serial numbers; G-2A requires factory 
installation. 

17009A/B character printers 
The Model 17009A or 17009B Character Printer is an acces- 

sory specially designed to replace the pen on most Moseley 
11" x 17" x-y recorders to identify points or curves when 
plotting families of digital information. 

The 17009A/B consists of a solenoid assembly with pre- 
formed flexible cable, connecting plug with cable guide, and 
six standard character slip-on dies. The solenoid mounts in 
place of the pen using existing pen swivel mounts; the cable 
plugs into an existing jack. Symbols are easily and quickly 
installed or changed by sliding the unit over a fixed flange on 
the end of the plunger element. Symbols are molded from 
special porous rubber saturated with a special printing ink. 
After ten thousand impressions, printing ability of the die may 
be renewed by a simple impregnation process. 

Plotting rate: 360 points per minute, maximum. 
Accuracy: overall recorder accuracy not degraded. 
Power source: associated recorder. 
Actuating source: external contact closure. or manually operated 

Compatible recorders: hIoseley (most) Models 2D, 2D-2. 2D-3, 

Price: hfoseley hfodel 17009A/17009B, 595. 
Options: 

pen-lift control of recorder. 

7000A series ; specify model and serial number. 

01 Extra symbols each, 31. 

F-36, 7500A, 7501A, 7502A 
Line follower systems 

The F-3B Line Follower, available factory-installed on 
Moseley 1l"x 17%-Y Recorders, regenerates original data di- 
rectly from previously recorded curves. Any line prepared with 
pencil or pigment-type ink will be followed automatically with 
high accuracy by means of an optical photo-electric sensing 
element which replaces the pen of the recorder. The unit does 
not impair normal recording characteristics of the recorder. 

Models 7500~4, 7501A and 7502~4 line follower systems con- 
vert Moseley 2D, 680 and 7100B Series Recorders, respectively, 
for use as  chart readers or transport delay simulators. 
Displacement analog output: F-3B: Lvith external signal sup- 

plied-proportional to head displacement. 7500~4,  7501A and 
7502A; approximately 0 to 6 V dc. or 0 to 5000 ohms. 

Straight-line accuracy: 5 0 . 0 3 "  (0 '  to 45' and time sweeps 
through 0.5 sec/in) angular ranges from 0" up to 55"  up to 5 
sec/in: square wares or spike functions of 0.1 inch niaximuin 
amplitude will remain within the scanned area at time sweeps up 
to 10 sec/in. 

Scanned area: 0.1 inch on either side of its center line and 0.05 
inch along its center line. 

Power: 115 or 230 volts, 56 to 60 Hz, single phase:F.iB 5 watts, 
7500A, 7501A and 7502A; 30-volt amperes. 

Prices: 
Aloseley F-3B 5795 
hloseley 7500A (for use with 11" x 17" X - Y  Recorders), 
hioseley 7501A (for use with 650 Series) 
hloseley 7502A ( fo r  use with 7100B and 7127A Series). 

S 1 5 9 5  
51650 
$1650 

, 

G . 2 / B  
40 D 

-cc.-cJ 
170098 
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New! Solid-state ink recording systems 
Rectilinear modulated pressure ink recording system with 

:hoice of 8 individual-channel “8800 Series” signal condi- 
:ioners. Readout data appears on 8-channel 600 -sheet 2-fold 
yecording chart or 500’ roll. Viewing area is 1578” wide and 
to” long. Pushbuttons control 14 chart speeds. All operating 
:ontrols are front panel-mounted. Plug-in ink supply car- 
:ridge permits continuous operation, See pages 133-135 for 
romplete information. 

Thermal writing systems with solid-state plug-ins 
Four, 6 or 8 channel oscillographic writing systems with 

choice of 8 individual-channel “8800 Series” signal condi- 
tioners. These include low-gain dc, medium-gain dc, high- 
gain dc, ac-ac converter, phase sensitive demodulator, carrier, 
general purpose dc and logarithmic signal conditioners. Sys- 
tems are complete with power amplifiers, power supplies and 
your choice of many options. See pages 126-127 for system 
performance specifications. 

~~ ~~ ~~ 

Identical-channel solid-state systems 
These 6, 8 or 16 channel thermal writing systems offer 

the economical solution to recording many channels of simi- 
lar measurements. Available in a choice of four 8-channel 
“950 Series” dc signal conditioners-low gain (50 mV/ 
div) , medium-low gain ( 10 mV/div) , medium-gain (0.5 
mV/div) and high-gain (10 ,V/div). Plug-in amplifier 
elements and subassemblies offer easy accessibility. See pages 
127-128 for system performance specifications. 

General purpose thermal writing system 
A versatile 8-channel system for recording telemetry, com- 

puter and other 50 m V  to 250 V signals. A wide variety of 
relatively high-level ac-dc outputs accurately and clearly 
record data on Permapapers charts. System is operational 
after just 4 steps: calibration, setting the range with the 
attenuator, positioning the stylus and selection of chart speed. 
System is furnished complete and ready to operate. See page 
128 for performance specifications. 

Portable, mobile systems 
For versatile, low-cost 1- and 2-channel recording in the 

field or in the lab. Chart widths: 32 mm, 50 mm and 100 
mm channels. 

Reliable, general purpose 
recorders 

A “briefcase size” recorder ideal for 
use by field engineers and test techni- 
cians. This 21-pound solid-state re- 
corder occupies less than 1/2 cubic foot 
and operates in any position. Two ver- 
sions are available-10 mV/div or a 
universal carrier system. See page 130 
for specifications. 

8801A 8802A 8803A 8805A 

88068 8807A 8808A 8809A 

958-3600 958-3400 

958-2900 958-1500 

7709-01A 

7700-03A 

100 mm wide chart recorder 
With 2 to 3 times the resolution of 

other units, this recorder accurately 
displays critical levels of force, veloc- 
ity, strain, displacement and other 
measurements. Sanborn “8800 Series” 
solid-state plug-in preamplifiers pro- 
vide large-system versatility, but with 
100 mm channel width. See page 124 
for details. 
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Series 7858 
with 

8800 Preamplifiers 

Series 7700 
with 

8800 Preamplifiers 

Series 7700 
with 

950 Preamplifiers 

General purpose 
system 

7858A 

m ..*. ... 

7704A 

7709A 

Portable, rack mount or mobile 

A dual-channel solid-state recorder 
only 8%” high with “8800 Series” 
performance in portable case, rack- 
mount or mobile cart units. Two 50 
mrn wide charts display signals clearly 
with heated stylus writing. Four chart 
speeds are standard with choice of 4 
additional speeds optional. See page 
1 2 5  for specifications. tions. 321 

2-channel system Portable, 2-channel general 
purpose or carrier recording 

Hewlett-Packard offers a choice of 
3 lightweight, dual-channel recorders 
that provide quick, accurate on-the- 
spot recording. Available in models 
for general purpose dc-ac inputs in a 
variety of sensitivities. Two 50 mm 
channels. See page 131 for specifica- 
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Model 7701A provides two to three times the signal reso- 
lution of a standard width recorder and can be used with 
any of the versatile solid-state 8800 interchangeable plug-in 
signal conditioners. Frequency response is dc to less than 3 
dB down at 30 Hz for any amplitude between 5 and 50 
divisions, damping set for 4% overshoot with a 40 division 

p-p square wave. T h e  low-impedance ruggedly constructed 
galvanometer employs velocity feedback for damping and 
the power amplifier has electrical limiting to protect record- 
ing stylus. Up to 2000 hours of continuous unattended re- 
cording at 0.5 mm/min (optional plug-in 1 minute timer) 
is possible without changing chart roll. 

Specifications 
(for complete performance specifications with Sanborn’s versatile plug-in 8800 Signal Conditioners see pages 136-141 ) . 

Paper speeds: 4 mm/sec speed standard (0.5, 2.5, 10 and 50 
mm/sec), mechanically shifted and selected by front-panel 
pushbuttons; four additional speeds 0.5, 2.5, 10 and 50 
mm/min can be added as Option 03. 

Event marker: right margin, manually operated from front 
panel; 1 sec or 1 min plug-in timer and second event marker 
optional. 

Front-panel controls: stylus heat control, pushbutton paper 
speed selectors, remote-local switch, timer-off -marker switch, 
mm/sec-mm/min switch, power switch and galvanometer 
damping adjustment. 

Paper: 200 ft roll of 100 mm wide-channel standard Perma- 
paper@ (651-217); time lines every 5 mm, amplitude lines 
every 2 mrn (50 div full scale). 

Paper take-up: automatic paper take-up standard (concealed 
in recorder). 

Power: 115  volts &lo%, 60 Hz, 100 watts; 115 or 230 volts 
%lo%, 50 Hz, 100 watts (Model 7701AX). 

Dimensions: 7701A, in carrying case: 131/2” high, 10” wide, 
18%” deep (343 x 254 x 460 m m ) ;  without case: 109’2” 
high, 8-11/16’’ wide, 179’2” deep (269 x 2 2 1  x 445 m m ) ;  
rack mounting adapter (mounts 2 wide-channel recorders) : 
14” high, 19” wide, 171/2” deep (356 x 483 x 445 mm).  

Weight: 7701A in carrying case, includes typical 8800 Series 
Preamplifier: net 32 Ibs (14,5 kg), shipping 42 Ibs (18,s 

k g ) ;  rack mount adapter: net 20 Ibs (9,l  kg), shipping 30 
lbs (13,5 kg) .  

Accessories: 1-channel, 100 mm (50 div) 200 ft roll Perma- 
paper (651-217), $14. (consult local H P  sales office for 
quantity prices); 412-4 Analog Stylus, $15; 411-9 Marker 

Prices: Model 7701A Direct Writing Oscillographic Recorder, 
115  V, 60 Hz (less preamplifier and case), $1400; Option 
01: Regulator Card, 440 Hz, Model 07701-60110, required 
when an 8803A Preamplifier is used with the recorder. (With 
this card, the recorder can be used with any “8800” Pre- 
amplifier except Model 8805A), add $35; Option 02: Regu- 
lator Card, 2400 Hz, Model 321-10O-cl0, required when an 
8805A Preamplifier is used with the recorder. (With this 
card, the recorder can be used with any “8800” Preamplifier 
except Model 8803A), add $35; Option 03: mm/minute 
Speed Reduction Kit (60:1, 60 Hz)  Model 07701-60130), 
add $110; Option 04: Left Event Marker, Model 07701- 
60140, add $45; Option 05: One-Minute Timer (60 Hz 
unit), Model 07701-60150 available only with Option 03 
installed, add $30; Option 06: One-Second Timer (60 Hz 
unit), Model 14002E, add $20; Option 07: Portable Case, 
Model 7701-04A included, add $90; Model 7701AX Direct 
Writing Oscillographic Recorder, 115/230 volts, 50 Hz (less 
preamplifier and case), $1450; Option 01: same as 7701A, 
Option 01. 

Stylus, $9. 
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DUAL-CHANNEL RECORDER 
Mount in cart, cabinet or portable case 

Model 7702A 

This handy Hewlett-Packard dual-channel recorder can be 
mounted in a cabinet, mobile cart or portable carrying case. 
It uses the same plug-in preamps as 6- and 8-channel 
assemblies. The recorder chart paper runs horizontally. As- 
sembly consists of fully solid-state individual current feed- 
back power amplifiers and single power supply. Frequency 

response is dc to less than 3 dB down at 125 Hz for chart 
deflection of 10 divisions p-p. Damping is set for 4% over- 
shoot with a 10 division p-p square wave. Response time is 
less than 5 msec for 10 to 90% of a 10 division square wave 
with damping set for 4% overshoot. 

Specificat ions 
(For complete performance specifications with Hewlett-Packard's Tersatile plug-in 8800 

signal conditioners see pages 136-141.) 

Paper speeds: standard recorders are supplied with 4-speeds (1, 5 ,  
20 and 100 mmJsec) mechanically shifted and selected by front- 
panel pushbuttons; other speed combinations are available as 
options (see Options 10, 11 and 1 2  under Prices); provision is 
made for optional remote operation of paper speeds and drive 
from suitable 1 1 5  V ac source. 

Timer-off-marker: separate stylus marks edge of chart (paper) 1 s x  
pulses in "time" position (timer motor) or with 60 Hz signal 
operator can use as a reference mark in "mark" position; remote 
marking provision at rear connector. by simple contact closure 
(115 V a c ) ;  an extra marker is available as optional accessory. 

Panel controls: individual stylus heat controls; pushbuttons for 
power, timer, marker and speed selection; and individual gal- 
vanometer damping adjustments (screwdriver), 

Paper: standard 200 f t  rolls of 5 inch wide 2-channel Permapaper@ 
(651-52),  easily loaded from the recorder panel ; one channel 
only may be used with 1-channel Permapaper (651-51) ;  trans- 
lucent Permapaper (651-182) is available for making multiple 
copies of recording on contact copier (Ozalid, etc.) .  

Paper take-up: automatic paper take-up standard equipment. 

Power: 115 volts * l o % ,  60 Hz, 200 watts; 115 or 230 Lolts 
i. l o % ,  50 Hz, as Option OS. 

Dimensions: 7702A, mobile cart: 39%'' high, 26%'' wide, 20%'' 
deep (997  x 680 x 521 m m ) ;  rack mounted Option 01: 8%'' 
high, 19" wide, 17%'' deep ( 2 2 2  x 483 x 438 m m ) ;  portable 
case Option 0 2 :  9%'' high, 195/" wide, 211/2" deep ( 2 3 5  x 498 
x 546) .  

Weight (approx): typical for either 7702A with 2 preamplifiers in 
mobile cart: net, 130 Ibs ( 5 9  kg) ; shipping, 172 Ibs (77.4 k g ) ;  
rack mounted Option 01: net, 60 Ibs ( 2 7 , 2  k g ) ,  shipping, 86 Ibs 

(38 ,7  k g ) ;  portable case Option 0 2 :  net, 89  Ibs (40,4 kg) ,  ship- 
ping, 135  Ibs (60,s k g ) .  

Accessories: 2-channe1, 50 mm (50  div) channels 200 f t  Perma- 
paper roll (651-52),  green coordinates on opaque white paper, 
$12.50. l-channel,50 mm ( 5 0  div) 200 ft Permapaper roll (651- 
5 1 ) ,  green lines on white, $ 6 . 9 0  (consult local H P  sales office 
for quantity prices); 398 Analog Writing Arm, $7.15; 411-10 
Event Writing Arm, $6.65 ea. 

Optional accessory equipment: 462.189 Extra hfarker (center 
margin), $76. 7702-144  Portable Case (7702-01A recorder) 
$195. 

Prices (Note 1): 7702A (2-channel mobile cart recorder assembly 
less 8800 Series Preamplifiers), 31870; mobile cart assembly in- 
cludes 2-channel recorder, dual-channel power amplifier and pow- 
er supply, paper take-up and preamplifier power supply. 

Option 01: same as 2-channel assembly above less mobile cart ( in- 
cludes guide supports for rack mounting):  7702A Option 01 
$1675. 

Option 02: same as 2-channel assembly above but recorder and 
preamplifiers are mounted in portable case: 7702A Option 02 
$1870. 

$1 9 .  20 . Option 10: hledical Speeds 2.5,  5, 
25 and 50 may be specified with Option 08 and/or Option 11 or 
12 ,  no charge. Option 11: nimJminute Speed Reduction (60:1,  
60 H z ) ,  add $150. Option 1 2 :  mm/minute Speed Reduction 
(60:1, 50 H z ) ,  add $150. 

Note 1: Add price of signal conditioners (see pages 136-141), 
times the number of channels you desire to use, to the above basic 
assemblies prices for complete system cost. 

Option 08: 50 Hz, 
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This Hewlett-Packard recorder provides the convenience 
of horizontal table-top chart marking, the flexibility and high 
performance of the solid-state interchangeable, individual- 
channel preamplifiers (used in 6- and 8-channel assemblies) 
and the economy of a 4-channel system. Individual power 
amplifiers have built-in electrical limiting to protect record- 
ing stylus and current feedback circuits which virtually elim- 
inate drift,  Variables appear sharp and clear, in true rec- 
tilinear coordinates on 50.mm wide Permapaper@. Frequency 
response is dc to less than 3 dB down at 125 Hz for chart de- 
flection of 10  divisions p-p, damping set for 4% overshoot 
with a 10  division square wave. 

Specifications 

(For complete performance specifications with signal condi- 
tioners available for these basic assemblies, see pages 136-141.) 
Paper speeds: 0.25, 0.5, 1, 2 .5 ,  5, 10, 25, 50 and 100 mm/sec. 
Markers: right side marker is standard; a second marker 

mounted between channels 1 and 2 is available as an acces- 
sory. Amplitude of trace approx. 1.5 mm. With front panel 
switch or external contact closure in MARK position, marker 
pulses at line frequency. In TIME position, marker pulses 
at line frequency for a few cycles every second. 

Front-panel controls: individual stylus heat controls, speed se- 
lector handle motor starting switch, timer-off -marker switch, 
remote control plug. 

Paper type: 4-channel green recording Permapaper. Width 10 
inches (254 mm) ,  grid 50 mm wide per channel with ampli- 
tude lines every 1 mm, 50 divisions full scale, time lines 
every 1 mm. 

Paper take-up: front panel loading with front panel concealed 
paper take-up. 

Paper footage indicator: indicates paper footage remaining on 
the supply roll, located on front panel of recorder. 

Power: 115 volts &lo%, 60 Hz, approx. 180 watts (less pre- 
amplifiers); 115 volts & l o % .  50 Hz, specify Option 08; 
230 volts *lo%, 50 Hz, specify Option 09. 

Cooling: cabinet vented top and bottom for convection cooling. 
Temperature inside of cabinet should not exceed 4O0CC. 

Dimensions: 7 7 0 4 4  mobile cabinet mount: 7 2 % ”  high, 
22-1/16” wide, 30” deep (1841 x 560 x 762 m m ) ;  rack 
mount Option 01 - 28” high (rack mounting height), 19” 
wide, 20%” deep maximum (711 x 483 x 527 m m ) .  Option 
02 - consult factory. 

Weight: (typical) 4-channel recorder with 4 amplifiers in cab- 
inet mount, viz. 7704A: net, 408 Ibs (185 kg) less preampli- 
fiers, shipping, 504 Ibs (228,2 kg) ; rack mount Option 01: 
approx. net, 200 Ibs (91 kg), shipping, 275  lbs (124,9 kg).  

Accessories: 4-channel 5 cm wide channels (50 div), green 
coordinates, 200 ft. Permapaper roll (651-54-l), $18.20 (con- 
sult local Hewlett-Packard sales office for quantity prices) ; 
4-channel, translucent for contact reproductions, 200 ft. roll 
(651-184-l), $29.10 (consult local Hewlett-Packard sales 
office for quantity prices); 398 Analog Stylus $7.15; 411-10 
Marker Stylus $6.65. 

/ 

4-CHANNEL RECORDERS 
Pullout table-top facilitates chart noting 
Model 7704A 

7704A 

Optional accessory equipment: 608-lOO-Cl1 Extra Event 
Marker, $70; 188AP D C  Marker Driver Amplifier (produces 
over 1 mm Event Marker deflection with + 1.5 volt, 0.5 mA 
signal input), $77.50; 188APM D C  Marker Driver Ampli- 
fier (produces over 1 mm Event Marker deflection with 
k1 .5  volt, 0.5 mA signal input), $107.50; 7704-09A Mobile 
System Cabinet, $500. 

Prices (Note 1): Sanborn 7704A, 4-channel Thermal Writing 
System, consisting of cabinet with master power control, 
power amplifiers and power supply, recorder assembly, pre- 
amplifier power supply, $4020. 

Option 01 (Note 1): less 7704-09A cabinet plus 1069-03A mas- 
ter power panel, $3645. 

Option 02: portable cases, consult factory. 

Option 08: 115 volt, 50 Hz model, add $50. 

Option 09: 230 volt, 66A-10 Transformer installed in cabinet 
or loose (specify), add $100. 

Note 1: add price of signal conditioners for each channel re- 
quired to the above basic assembly price for complete system 
cost. 
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Advantages: 
Extremely versatile input capacity 
Completely integrated: signal input to galvanometer 
Field-proved electronics, recorder 
True rectilinear inkless recording 
Clear resolution to 4 Hz/mm, 0.25 div non-linearity 

Uses: 
Record 6 or 8 variables simultaneously 
Select the signal conditioners and system packaging 

best suited to the application 

Sanborn 6- and %channel basic assemblies offer complete 
versatility for making accurate, permanent records of mul- 
tiple variables simultaneously. These basic assemblies ac- 
cept 6 or 8 channels of interchangeable preamplifiers de- 
signed to condition and control simple or complex signals. 
Variables appear as sharp, clean, permanent traces on Per- 
mapaper8 charts (opaque, or translucent for copying). 
They can be analyzed independently, compared immedi- 
ately with accurate timer pulses, or marked for identifica- 
tion, and stored for later use. Frequency response of the 
recorder is 0 to 125 Hz on 50 mm wide (6-channel) as- 
semblies; 0 to 150 Hz on 4 0  mm wide (8-channel) as- 
semblies, Rise time is 4 msec on 8-channel systems, 5 msec 
on 6-channel, The  basic assemblies all use the same flush- 
front recorder with fully solid-state power amplifiers, 
which have built-in electrical limiting to protect recorder 
styli accuracy and feedback circuits to virtually eliminate 
drift. These systems also can be purchased in optional rack 
mounts and portable cases. 

Compact all solid-state 8800 Preamplifiers 
For Models 7706A, 7 7 0 8 A  basic assemblies, the eight 

channels of 8800 Preamplifiers occupy only 7’’ x 19” of 
panel space. 

Economical, all-channels-alike 950 Amplifiers 
For Model 7 7 2 8 A  ( 7 7 2 6 A )  basic assembly the 9 5 0  Series 

is ideal for applications where many channels of similar 
real-time or stored data must be monitored simultaneously 
and there is no need to change individual channels. Four 
classes of dc 8-channel amplifiers are available in this series 
(see page 1 4 2 ) .  Each amplifier channel is complete from 
signal input to galvanometer output and all channels receive 
power from a single power supply. 

General-purpose system 
With the 7 7 0 9 A ,  many channels of telemetry and compu- 

ter outputs as well as a wide variety of relatively high level 
ac-dc outputs can be accurately and vividly displayed. This 
general-purpose recorder provides the versatility, simplicity 
and reliability required in multi-channel recording systems. 
Operation is simple-only four steps are required for opera- 
tion once the system is turned on: (1) calibrate (internal 

7708A 

source provided), ( 2 )  set input range with the attenuator, 
( 3 )  position the stylus, and ( 4 )  select the chart speed. An 
event channel is supplied for the recording of timing or 
coded pulses. Input polarity for each channel may be changed 
by turning a switch. 

Spec if i ca t i ons (a I I models) 
(The  complete system performance specifications of these 
basic assemblies with the two classes of preamplifiers (am- 
plifier) are on Pages 136-142 . )  

Paper speeds: standard recorders are supplied with 9 speeds: 
0 . 2 5 ,  0 . 5 ,  1, 2.5,  5 ,  10, 25 ,  50 and 100mm/sec, electrically 
shifted and selected by front-panel pushbuttons; optional 
“D” version recorders have 9 additional speeds, 0 .25 ,  0 . 5 ,  
1 ,  2 .5 ,  5 ,  10, 25 ,  50 and 100 mm/min; provision is made 
for optional remote operation of paper speeds and paper 
drive. 
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Event marker: right margin; built-in timer provides 1 sec 
timing marks; provision for manual or remote event mark- 
ing from external contact closure; “D”  version recorders 
provide 1 sec and 1 min timing markers; optional second 
event marker (608-1OO-Cl1) can be installed between 
channels #1 and #2  and actuated by external contacts; 
also, solid-state marker driver amplifiers for dc event mark- 
ing are available (188AP, + dc input and 188APM, k d c  
input) and require 1.5 V at 0.5 mA at input to produce 
slightly over 1 mm deflection. 

Front-panel controls: individual stylus heat controls; push- 
button speed selectors; motor starting switch; timer-off - 
marker switch. 

Paper footage indicator: front-panel indicator shows number 
of feet remaining on the supply roll. 

Paper length: standard roll 200 feet long; adapter (462-184) 
allows the use of special 1000 foot rolls: adapter requires 
83/” (222 mm) of panel space. 

Paper takeup: standard paper takeup on front panel; con- 
cealed takeup (358-800) is available on special order 
and occupies additional 83/4” (222 mm) of panel space. 

Power: recorder: 115 volts *lo%, 60 Hz, 230 watts; 115 
or 230 volts, 50 Hz available on special order; systems: 
7708A3, 390 watts; 7728A, 515 watts. 

Dimensions 

7706A,7708A: mobile cabinetimount: 72%” high, 22  -1/16” 
wide, 30” deep (1841 x 5 6 1 x 762 mm) ; rack mount 
Option 01: (recorder) 17Y2” high, 19” wide, 24%” 
deep (445 x 483 x 613 mm) ;  (amplifier) 7” high, 19” 
wide, 20Y2” deep (178 x 483 x 621 mm); portable 
cases Option 02: (recorder) 1974‘‘ high, 20” wide, 
2134‘’ deep (502 x 508 x 546 mm);  (amplifier) 
7-9/16” high, 22” wide, 21Y2” deep (193 x 559 x 
546 m m ) .  

7728A mobile cabinet mount: same as 7706A, 7708A; 
rack mount Option 01: (recorder) same as 7708A; 
(amplifier) 7” high, 19” wide, 18” deep (178 x 483 x 
457 mm) .  

7709A: mobile cabinet mount same as 7706A, 7708A; rack 
mount Option 01: (recorder) same as 7708A; (control 
panel and recorder occupy 26%” of panel space). 

Weight, typical (for all systems in cabinet): 8-channel re- 
corder with 8 amplifiers in cabinet mount, viz. 7708A: 
net 590 Ibs (265,5 kg) ,  shipping 755 lbs (339,8 k g ) ;  
rack mount Option 01:  recorder, all systems: net 210 lbs 
(94,5 kg ) ,  shipping 250 Ibs (112,5 k g ) ;  8800 Preampli- 
fiers (8 ) :  net 100 lbs (45 kg) ,  shipping 120 lbs (54  
kg) ,  subtract 1 2  Ibs (5,4 kg) for 6-channels; 950 Am- 
plifier, viz. 7728A: net 85 Ibs (38,3 kg) ,  shipping 95 Ibs 
(42,8 k g ) ;  950 Amplifier, viz. 7726A: no change for 6 
channels; portable cases Option 02 : recorder, all systems: 
net 300 Ibs (125 kg) ,  shipping 340 lbs (153 kg) ;  8800, 
950 Amplifiers viz. 7708A, 7728A: net 120 Ibs (54 kg) ,  

shipping 140 lbs (63  kg ) .  Control panel and polarity re- 
verse panel, viz. 7709A: net 23 Ibs (10,3 kg ) ,  shipping 
32 Ibs (14,4 kg) .  

Accessories: &channel, 40 mm (50 div),  200 f t  Perma- 
papefl  roll 651-58, $23.50; 6-channel, 50 mm (50 div) 
651-57, $21.80 (consult HP sales office for 1000 f t  rolls 
and price for quantity purchases of 200 f t  rolls); 399 
Analog Writing Arm (8-&annel), $6.65; 398 Analog 
Writing Arm (6-channel) $7.15; 411-3 Marker Arms 
(%channel), $6.65; 401-10 Marker Arms (6-channel), 
$6.65. 

Optional accessory equipment: 358-800-1 Concealed Paper 
Take-up, $350; 462-184 1000 f t  Roll Adapter, $175; 608- 
100-C11 Extra Event Marker, $70; l 88AP Marker Driver 
Amplifier ( + l . 5  V dc input), $77.50; 188APM Marker 
Driver Amplifier (+1.5 V dc input) ,  $107.50; 358-1400 
Recorder Carrying Case, $250; 858-1400 (7706A, 7708A, 
7728A) Amplifier Carrying Case, $250. 

Prices (Note 1): Model 7706A (6-channel cabinet assembly, 
less 8800 Amplifiers), $4820; Model 7708A (8-channel 
cabinet assembly, less 8800 Amplifiers), $5495; cabinet 
consists of master control panel, blower system preampli- 
fier rack(s) , recorder assembly with power amplifiers and 
power supply, and preamplifier power supplies; Model 
7728A (8-channel cabinet assembly, less 950 Amplifiers), 
$3425 ; cabinet assembly consists of master control panel 
and cabling, blower system, transfer chassis and 8-channel 
recorder; Model 7726A is quoted on request. Model 
7709A 8-channel system consists of cabinet, control panel, 
polarity reversal panel, recorder assembly including an 
8-channel recorder, power amplifier power supply and 8 
power amplifiers: $5030. 

Option 01 (Note 1) all models: (same as 6- or 8-channel as- 
semblies less cabinet includes : blower, master power panel 
cabling and slides for rack mounting):  Model 7706A 
Option 01, $4425; Model 7708A Option 01, $5100; 
Model 7728A Option 01, $3000; 950 Amplifiers used 
with this recording system under Option 01 have a muffin 
fan installed on the rear for cooling purposes; when or- 
dering, add a -3 after the amplifier model number, and 
add $100 to the price of the 950 Amplifiers; also add 
15/8’’ to the depth dimension of the amplifier. Model 
7709A Option 01, $4650. (less cabinet). 

Option 02 (Note 1) all models: Model 7706A Option 02, 
$48 20 ;  Model 7708A Option 02, $5495; Model 7728A 
Option 02 (consult factory), (recorder and amplifier 
assemblies supplied in portable cases), Model 7709A 
Option 02, $5030 (recorder and control panel/polarity 
reversing panel assemblies supplied in portable cases). 
Model 7709A Option 03, add $150 (polarity reversing 
panel). 

Note 1: Add price (times number of channels) of signal 
conditioners required to the above basic assembly prices 
for complete system cost. “D” version recorders have 9 
mm/min, in addition to standard 9 mm/sec speeds; adds 
$250 to system cost; order by requesting “D”  recorder. 
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RECORDERS 
Recording systems for lab, bench or field 

Models 7701A, 7702A 

Features 
Choice of 8 versatile plug-in preamplifiers 
4 speeds, 8 optional 
Ideal for the recording of low-level signals from 

thermocouples, strain gages, differential trans- 
formers 

Heated styli, true rectolinear recording 
Solid-state throughout 

7701A, 100-mrn wide-chart, 
single-channel recorder 

Model 7701A is a lightweight instrument that offers im- 
proved readability by means of 100-mm wide rectangular 
coordinate recording charts and the versatility of “8800” 
Series interchangeable plug-in preamplifiers. This recorder 
provides maximum efficiency because all recording functions 
are controlled at the front panel. Preamplifiers available for 
this recorder are all solid -state. Preamplifier power supply 
has provision for a plug-in oscillator card which eliminates 
the need for external carrier or chopper excitation. The  size 
and weight of this instrument make it convenient for test 
bench instrument operation, field operation or rack mount- 
ing for systems use. Dual-channel wide-chart recording can 

be easily accomplished by fitting two Model 7710A’s side- 
by-side in a standard 19-inch rack. Eight 7701A’s can be 
accommodated in a standard upright cabinet. Complete de- 
scriptions, specifications and prices are found on page 1 2 2 .  

7702A, dual-channel recorder 
Two 50-mm charts for rectangular coordinate recording 

of measurements and comparisons. The  7702A uses “8800” 
Series preamplifiers which are interchangeable and plug in 
directly into the front panel, This compact system occupies 
a mere 8%” of panel height and can be rack-mounted in an 
equipment cabinet, an easy-to-handle mobile cart or in a 
handy carrying case for field applications. The two-channel 
recording section uses the same low-impedance, velocity- 
feedback-damped galvanometers which are found in the 
larger recorders. The recording paper is easily loaded and 
may be driven at any one of four speeds. These are push- 
button-controlled. Approximately 6 inches of visible record 
is available for viewing and marking while recording. Addi- 
tionally, the recording section provides a separate margin 
stylus for marking and timing. Timing is provided by an 
internal timer which produces a pulse every second on the 
chart. Complete descriptions, specifications and prices appear 
on page 123. 

7701A 7702A 
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Sanborn 299 

1-CHANNEL PORTABLES 
For medium-gain dc/ac or carrier measurements 
Models 299,301 

Sanborn 301 t 

These single-channel, 25 lb recorders are widely used by 
engineers and technicians for measuring and recording the 
results of equipment checkout and servicing, in the field 
and in the laboratory. They possess most of the features 
found in larger systems and produce high resolution traces 
on a 32 mm (40 div) wide channel. Four inches of chart 

are displayed at all times for study and marking, Model 
299 is very useful for medium-gain broad dc and ac meas- 
urements; 301 (with built-in excitation source) for carrier 
inputs from resistance bridges, variabIe reluctance devices, 
differential transformers and other ac transducers. 

50:l  on most sensitive ranges; 2 5 : l  on other ranges 

*2.5 V max. on most sensitive range, higher on other 
ranges to ~ 5 0 0  V max. 1OX the differential signal which 
causes 25 div deflection up to 500 V max. 

* 2  V max., from mercury cells, in series with output 
of input attenuator, and used for both single-ended and 
balanced inputs; corresponds to rnax. suppression of 
10 times center of chart t o  either edge 

299 

quadrature rejection ratio is greater than 100 to 1 

quadrature tolerance: quadrature rejection is in specifi- 
cation if input signal amplitude does not exceed 2X that of 
an inphase signal which causes stylus deflection from 
chart center to chart edge with zero suppression off. 

5-step switch, center out, two positions for both positive 
and negative signal, each step equivalent to approx. 5 turns 
of R-Bal control 

Recorder model 

~ ~~~~~~ 

0.1 div 

0.2 v, * 1% 

Sensitivity range 
(attenuation) 

~ ~ 

0.25 div 

40 pV/excitation volt, *l% (200 pV/20 div deflection) 

Input circuit 1 -  
Common mode or quadrature 
rejection ratio 

Common mode or quadrature 
voltage tolerance 

I Zero suppression 

Frequency response 
(-3 dB max. at 10 div p-p) 
(-3 dB max. at fu l l  scale) 

Zero drift 
Temperature, 0 to  50°C 
Line voltage variation, 

Time 
-103 to 127 Volts 

Specifications 

10 mV rms/div (each div = 1/32") I 10 p V  rms/div (each div = 1/32") I 
10, 20, 50, 100, 200,500 mV/div and 1, 2, 5 and 10 V/div; 
attenuator error *2% max. 

5 megohms each side, balanced to ground 

X1, 2, 5, 10,20,50,100 and 200 attenuation factors; atten- 
uator error *2% max. 

6000 ohms min. resistance,l3 K min. reactance-measured 
with fu l l  zero suppression and R & C balance; 7000 ohms 
resistance, 13 K reactance-with R & C balance control 
centered and zero suppression out; transducer impedance, 
100 ohms min. 

dc to 100 Hz 
dc to 50 Hz 

dc to 100 Hz 
dc to 50 Hz 

0.5 div/lO"C 

0.25 div 
0.5 div/hr, 2 div/24 hrs 

0.25 div/lO"C 

0.1 div - 

?Carrier frequency 2400 Hz, internally supplied; carrier voltage 4.5 to  5.5 V rms, not adjustable. 
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Frequency response 
(-3 dB max. at 
10 div p-p) 
(-3 dB max. at 
full scale) 

dc to 125 Hz 

dc to 50 Hz 

dc to 125 Hz 

dc to 50 Hz 

Line voltage vari- 
ation, 103 to 127 V 

Time 

0.1 div 0.1 div 

Internal 
Cali bration 

10 mV,*2% 40 pV/excitation vo l t ,+ l% 
(200 UV 20 div deflection) 

These complete recording systems are extremely useful in 
the field when two similar variables must be simultaneously 
analyzed and permanently recorded. They operate in any 
position, record signals on two 50-mm wide channels, have 
electrical limiting to protect recording styli and current feed- 
back circuits to reduce drift. Model 320 has guarded and 
floating inputs designed for broad dc and ac signals even 
though complicated by excessive noise due to ground loops. 
Model 322 has two general-purpose direct-coupled amplifier 
channels, each with calibrated zero suppression, which can 
be used for single-ended and balanced inputs, Model 321, 
with built-in 2400 Hz carrier excitation source, is designed 
to measure signals from resistance bridges, variable reluctance 
devices, differential transformers and other ac transducers. 

321 

Specifications, dual-channel 

Recorder model I Sanborn 320 I Sanborn 321 t Sanborn 322,322A 

Maxi,mum 
sensitivity I 0.5 mV/div (each div - 1 mm) I 10 pV/div (each div - 1 mm) 10 mV/div (each div - 1 mm) 

10, 20, 50, 100, 200, 500 mV/div and 1, 
2, 5 and 10 V/div; attenuator error*2% 
max. 

Input circuit 0.5 megohm on mV/div and 1 megohm 
on V/10 div; floating and guarded with 
channel-to-channel isolation; dc source 
resistance should be below 10 K on mV 
ranges only 

6000 ohms min. resistance, 13 K min. 
reactance, measured with full zero sup- 
pression and R & C balance; 7000 ohms 
resistance, 13 K reactance, with R & C 
balance control centered and zero sup- 
pression out; transducer impedance, 
100 ohms min. 

5 megohms each side balanced to 
ground 

Common mode or 
quadrature rejec- 
tion ratio 

Quadrature rejection ratio is greater 
than 100 to 1 

50: l  on most sensitive range, 25:l  on 
other ranges 

140 dB max. at dc; 120 dB min. at 60 Hz 
with no input unbalance; 100 dB min. at 
60 Hz with 5000 ohms unbalance 

1 5 0 0  volts max. Common mode or 
quadrature voltage 
tolerance 

1 2 . 5  volts max. on most sensitive 
ranges; higher on other attenuator posi- 
tions to *500 volts max. 

Quadrature tolerance: Quadrature, re- 
jection is in specification i f  input signal 
amplitudedoes not exceed 2X that of an 
inphase signal which causes stylus de- 
flection from chart center to chart edge 
with zero suppression off. 

Zero suppression None 1 2 . 5  V max. from mercury cells, in 
series with output of input attenuator, 
and used for single-ended and balanced 
inputs; corresponds to max. suppression 
of ten times center of chart to either 
edge (322A has no zero suppression) 

5-step switch, center out, two positions 
for both positive and negative signal, 
each step equivalent to approx. five 
turns of R-Bal controls 

dc to 125 Hz 

dc to 50 Hz 
Zero drift 

Temp., 0 to 50°C; I 0.25 div/lO°C I 0.25 div/lO"C 0.5 div/lO"C 

0.25 div 

0.5 div/hr, 2 div/24 hrs 

Noise (p-p max.) I 0.25 div I 0.25 div 0.1 div 

0.2 v o l t * l %  
I I 

Carrier frequency 2400 Hz, in ternal ly  supplied; carr ier  voltage 4.5 to 5.5 V rms, no t  adjustable. 
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Specifications (1, 2-channel portables) 

Gain stability: better than 1% to 50°C on all models; better 
than 1% for line voltage variations from 103 to 127 V ac, 
all models. 

Non-linearity: 0.25 div max with respect to straight line 
through centerline and calibration point 20 div from chart 
center, all models. 

Response time: 5 msec, 10% to 90% with 4% or less overshoot 
over center ten divisions. 

Paper speeds: single-channel 299,301 : two speeds ( 5  and 50 
mmhec) ;  dual-channel 320, 321, 322: four speeds (1, 5, 20 
and 100 mm/sec); other speeds are available on any model 
on special order. 

Channel width: single-channel models, 1 .25”  divided into 40 
div, 1/32” apart; dual-channel models, 2 ”  divided into 50 
div, 1 mm apart. 

Timer-marker: single-channel models have separate stylus for 
edge marking (60 Hz excitation) ; on dual-channel models, 
1 second timers are internal and extra event marker can be 
added on special order; jacks are provided on all models for 
remote operation of marker coil by contact closure. 

Input connectors: single-channel, 3-pin contact male connector 
on front panel; dual-channel models in portable cases have 
3-pin contact male front-panel connectors, rear connectors 
when rack mounted (optional binding post adapters avail- 
able). 

Monitor output connectors: miniature phone jack on front 
panels provide approx. 40 mV div across min. external load 
of 100 k. 

Electrical limiting: single-channel, approx. 1 2 5 %  of full scale; 
dual-channel, approx. 11 5% of full scale. 

Power requirements: single-channel, 115 volts +-lo% 60 Hz, 
45 watts; dual-channel, 115 volts +IO% 60 Hz, 100 watts; 
115-230 volts 50 Hz available in all models on special order. 

Dimensions: single-channel models: 7“ high, 1 2 ”  wide, 10%” 
deep (178 x 305 x 267 mm) ; dual-channel models in portable 
cases: 13%’’ high, 14%’’ wide, 91/2“ deep (349 x 361 x 241 
m m ) ;  rack mounts (models ending in R ) :  14” high, 19” 

wide, 16“ deep (356 x 483 x 406 m m ) ;  paper takeup 320- 
300 for dual-channel portable is 4%‘‘ high, 14%’’ wide, 9%“ 
deep (121  x 370 x 241 mm) and 32OR-300 on rack mount 
adds only 5%’ ‘  (133 mm) to recorder height. 

Weight, approx: single-channel models: net 2 2  Ibs (10 kg), 
shipping 2 5  Ibs (11,3 kg) ; dual-channel models: net 5 5  Ibs 
(24 kg) , shipping 66 Ibs (29,7 kg) . 

Accessories: 1-channel: Permapaper@, 1%’’ wide (40 div), 125  
f t  roll(651-202-1), $4.60 ea (consult Hewlett-Packard sales 
office for quantity prices) ; 403A Analog Writing Stylus, 
$6.65; 411-1 Marker Stylus, $6.65; dual-channel: Perma- 
paper(651-52-1) 50 mm (50 div), 200 ft roll, $12.50;398 
Analog Writing Stylus,$7.15 ; 411-10 Marker Stylus, $6.65. 

Optional accessory equipment: paper takeup 299-300 for 
single-channel 299, 301, $41; paper takeup 320-300 for dual- 
channel 320, 321, 322 (in portable cases) $150: 32OR-300 
for dual-channel 320R, 321R, 322R (rack mounts), $175; 
binding post adapter (to make it easier to connect banana 
plugs, spade lugs, clip leads, bare wires, etc.): 299-200-clO 
for 299 and 322, $10; 301-200-cll for 301, $9; 320-100-c31 
for 320 and 321, $11 extra marker 462-189 (center-margin) 
for dual-channel models, $76 ,  

Prices: single-channel: Model 299, $800; Model 301, $850; 
dual-channel: portable case: Model 320, $1650; Model 321, 
$1650; Model 322, $1395; Model 322A (without zero sup- 
pression) $1295; rack mount: Model 320R, $1800; Model 
321R, $1800; Model 322R, $1545; Model 322AR, $1445. 

Model 53 Battery Converter 
This handy accessory is a portable, stable source of ac power 

that will operate single- and dual-channel recorders in most 
field applications. It will supply 128 volts, 60 Ht at 125 watts 
continuously for 2 hours, and with a 35 watt load, battery life 
between charges is 7 hours. Model 53 is a combination charger/ 
converter/storage battery packed in a flameproof carrying case 
9“ high, 14” wide, 5” deep (246 x 372 x 137 mm) .  Weight 30 
Ibs (6,7 kg).  Model 53 (including 12-volt storage battery), 
$271; without battery, $225 

320R 

53 
320-300 
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RECTILINEAR INK RECORDER 
New ink system records on Z-fold paper or rolls 

Model 7858A 

Features: 
Reliable, inexpensive, non-smear, non-splatter, 

Sharp, high-resolution, consistent traces from dc 

Easily reproducible recording by inexpensive means 
Eight plug-in solid state signal conditioners 

Numbered 2-fold chart for convenient access 

non-clog rectilinear writing 

to 160 Ht 

to choose from 

to entire record 

Uses: 
Accurate, permanent recording of up to 8 variables 

from a wide range of inputs 

Model 7858A is an integrated, %channel rectilinear ink 
recording system designed to deliver greater accuracy than 
present-day recorders. The  recorder has a self-contained 
power supply and modular type solid-state electronics. The 
chart viewing area is 155/,” wide with a length of ten inches. 
Its low-pressure ink system produces ultra-clear traces 
throughout the recorder’s electrically-controlled speed range 
- from .025 to 200 millimeters per second. The paper 
chart moves from top to bottom from an internal supply 
and take-up roll or from an internal 2-fold paper supply. 
A wide selection of “8800” Series Preamplifiers provides 
signal conditioning to the driver-amplifiers which drive the 
recording pens of the multi-channel recorder. The  system 
includes preamplifier power supply, a driver amplifier power 
supply and a cabinet to house the complete system. Front 
panel pushbuttons assure ease of operation. The frequency 
response of the recorder is 160 Hz for 10 div p-p deflection 
and 60 Hertz maximum for full scale deflection. Maximum 
ac or dc non-linearity is 0,570 full scale. 

System components 
The 7858A system consists of the the following major 

components: “8800” Series Preamplifiers, as ordered; 7858- 
01A %channel position feedback ink recorder; 8800-03A 
Preamplifier Power Supply and 7858-09A Cabinet. System 
Option 01 for  rack mounting omits the cabinet and adds 
1069-03A Master Power Panel; Option 02 omits the cabinet 

and adds 358-1400 Recorder Carrying Case and 858-1400 
Amplifier Carrying Case. 

System characteristics 
The  following specifications apply to the entire system. 

For specifications which depend upon choice of preamplifier, 
see pages 136-141. 
System power: 115 volts &lo%,  60 Hertz, 600 watts. Other 

voltages and frequencies on special order. 
Size: 72” high, 22” wide, 30” deep (1830 x 534 x 762 m m ) .  

Option 01 uses only 24?/”’’ (632 mm) panel height. 
Option 02 uses Recorder Carrying Case 20’’ high, 19%” 
wide, 21Y2” deep (508 x 502 x 546) ,  plus Amplifier 
Carrying Case 22”, high, 7-9/16” wide, 21Y2” deep (762 
x 195 x 546) .  

Z-fold chart for convenient 
access to entire record 

Weight: approx. 550 lbs (249 kg) including full set of Pre- 
amplifiers and Cabinet or Carrying Case. Exact weight 
depends on equipment selected. 

Portability: four large casters permit moving standard sys- 
tem as needed. Carrying Case Option 02 permits moving 
system to site of field measurements. 

Cooling: cabinet vented top and bottom for natural air venti- 
lation. Maximum ambient temperature outside case must 
not exceed 5Ooc. If vents are sealed, maximum ambient 
temperature outside case must not exceed 40OC. 

Environment: system is designed to operate reliably in any 
location reasonably free from vibration, dust, corrosive or 
explosive gases or vapors, extremes of temperature, etc. 
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Component description 
Ink recorder: the recorder displays the system read-out data 

on a multi-channel recording chart, The illuminated re- 
cording is visible as soon as it is made, with the most recent 
ten inches remaining in view at all times. The recording 
process provides instantaneous, permanent, inked record- 
ing in rectilinear coordinates on H P  Ink Recording Charts. 

The recorder features include: 14 electrically-controlled 
chart speeds, selected by pushbuttons on the front panel; 
built-in paper take-up; low ink supply warning light; plug-in 
ink supply cartridge that may be replaced while recorder 
continues to operate; simple paper loading from the front 
and regulated low-pressure ink system. The Take-up Drawer 
for 2-fold paper is optional. The recorder also has enclosed 
individual moving coil penmotors with adjustable electri- 
cal damping and limiting; contactless pen tip position feed- 
back; provision for remote control of paper drive, paper 
speeds and markers; and a signal for low ink or end of roll 
is indicated on front panel and brought out to a remote 
connector. 

Driver amplifier: one driver amplifier is provided for each 
recording penmotor. The combination of driver-amplifier 
and penmotor simulate the characteristics of a simple gal- 
vanometer with 71% of critical damping, with negative 
velocity-voltage feedback from the galvanometer damping 
control, in conjunction with the position feedback circuit. 

Driver amplifier and recorder power supply: the Power Sup- 
ply provides operating power for up to eight Driver Am- 
plifier modules. Power is also supplied for all recording 
functions and is integral with recorder. 

Recorder specifications including driver amps 
Frequency response: 160 Hz for 10 div p-p deflection or 

Response time: from 10% to 90% amplitude- 
60 Hz maximum for full scale deflection. 

Total Deflection Response T ime  
10 chart divisions 3 milliseconds 
25 chart divisions 4 milliseconds 
50 chart divisions 6 milliseconds 

Drift: less than l / l o t h  chart division over temperature range 
from 2O0C to 55OC and for line voltage variation from 
103 to 127VAC. 

Gain stability: 0.1% from 20°C to 55OC and over line volt- 
age range of 103 to 127VAC. 

Sensitivity: k 2 . 5  volts full scale ( 4  cm channel width) .  
Static linearity: 0.5 % full scale maximum non-linearity. 
Hysteresis: previous signals do  not affect recorded data by 

more than k 0 . 1 5  divisions. 

Ink dries on contact, leaves ultra-clear trace 
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Penmotor: one per recording channel, high-torque, moving 
coil drive. Single-ended drive coil plus a velocity-voltage 
feedback winding. Drive coil winding approximately 16 
ohms and velocity coil approximately 35 ohms at room 
temperature. Sensitivity is approximately 16  mA/div. 

Limiting: electrical limiting separately adjust,able from t 1 2  
div. to 3 div. beyond full scale. Mechanical stops set 
beyond full scale. 

Noise: not visible on recording, including drive circuit, with 
zero signal input. 

Chart: 500 ft. rolls 155 /”  wide, 4 cm, 50-division channel 
width rectilinear coordinate paper suitable for diazo or 
similar reproduction process. Also available in 600 sheet 
folded pack 11 9’ x 155/”. 

Chart speed: 14 speeds selected by seven pushbutton switches 
in conjunction with I x  and loox  pushbuttons. A remote 
pushbutton transfers all speeds and OFF-ON functions 
to a remote station and also provides a voltage which can 
be used to indicate remote readiness. Speeds: .025, .05, 
. lo,  .25, .50, 1.0, 2.0, 2.5, 5, 10, 25, 50, 100 and 200 
mm/sec. 

Chart drive: for a full roll or pack of paper, paper weave, is 
less than e 0 . 2 5  div. 

Paper take-up: internal roll. Accessible by pivoting the writ- 
ing table down from the top. Optional Z fold drawer. 

Trace width: recorded trace .010” wide. Base lines up to 
,020‘’ wide during standby or for very slow chart speeds. 

Rectilinear linkage: line is straight within 0.0025” in 4 cm. 
stylus pressure is 1 5  to 20 grams. Interchannel displace- 
ment along time axis is less than 0.005”. 

Ink system: pressurized in proportion to the instantaneous 
velocity of the pen tip. Five-ounce supply is capable of 
writing 1000 miles of line. 

Ink: ink is permanent, non-smudging and dries on contact 
with Hewlett-Packard Ink Recording Paper. 

Stylus: stainless steel tubular ink tube supported by a light- 
weight frame containing a sensing element for position 
sensing. Design life: over 40,000,000 full scale cycles. 

Timer/marker: left margin marker provides timing pulse ev- 
ery minute or every second. Right margin marker provides 
positive deflection for event marking. Provision is made 
for markers between each channel. 

Remote operation: connector provided for remote operation 
of chart drive, selection of chart speeds and operation of 
timer/markers. 

Recorder size: 17Y2‘’ high, 19” wide, 23” deep (444 x 482 
x 585 mm) . (Including power supply and driver amps.) 

Weight: approximately 170 lbs (77 , l  k g ) ,  

Power requirements: 115  volts, 60 Hertz, 500 watts includ- 
ing Driver Amplifiers and Power Supply with synchronous 
motor chart drive. 

Fuses: protection is provided for the galvanometers, driver 
amplifiers, power supply and drive motor, Failure in any 
channel will not affect operation of the other channels. 
Fuses for the line, power supply and drive motor are ac- 
cessible when the recorder is extended. 

7858-01A Recorder 

Mounting: on latch slide and frame assembly. Recorder locks 
in normal or extended positions. 

8800 Series preamplifier description 

These preamplifiers are compact, solid-state modules 
which plug into the system from the front to mate with 
the Preamplifier Power Supply. All connections to the Pre- 
amplifier are made at the Power Supply rear, although 
preamplifier outputs may be monitored from the front panel. 
AC excitation voltages are supplied to the Preamplifier as 
needed from plug-in oscillator circuit cards in the Power 
Supply. Preamplifier characteristics are shown on pages 
136-144. 

Preamplifier power supply description 

This power Supply provides operating power for up to 
eight “8800” Series Preamplifiers. It serves as a transfer 
chassis for signal input and output circuits and supplies the 
mounting facilities for sliding Preamplifiers into place to 
complete the system. The basic model Power Supply is 
identified as Model 8800-03A. 

Cabinet description 

The Cabinet mounts and encloses all components of the 
recording system. The Master Power Panel above the Pre- 
amplifiers and the internal power and signal cabling are all 
considered a part of the cabinet. The cabinet is 72” high, 
22” wide, 30” deep (1830 x 559 x 762 mm) ,  including 
caster-wheel base which accounts for 2” of the height. The 
Cabinet weighs approximately 300 lbs (1 36 kg) , including 
Power Panel and all internal wiring, Access is through rear 
door. 
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Advantages: 
Up to 2 5  channels 
One basic galvanometer for 0 in 5 kHz response 
Sensitivities: 2.5 mV/in to 25 V/in 
Record up to 4” (p-p) amplitudes at 0 to 5 kHz; 

Trace positioned electrically anywhere on chart 
Uses 650 or 8800 amplifiers, preamplifiers 

8” (p-p)  at 0 to 3 kHz 

Uses: 
Telemetry recording 
400-cycle power measurements 
Transients measurements 
Measuring data sampled at high pulse rates 

The H P  Model 4500 Optical Recorder is a completely 
integrated system that can provide high-speed, permanent 
recordings of many variables, without annoying time 
delay errors between channels, in the 0 to 5000 cycle 
range. Per-channel cost is low, and the system is convenient 
to operate. Signals are connected directly to either front or 
rear panel of system multi-channel amplifiers and immedi- 
ately recorded on 8-inch wide chart. Front-panel position 
controls make it easy to move each channel’s trace to any 
position on chart. 

For special applications, H P  “8800 Series” preamplifier 
plug-ins can be combined with “650” amplifiers or used ex- 
clusively to drive the 4500 Series recorder. Complete speci- 
fications of 8800 preamps are tabulated on pages 136 to 141. 

Amplifiers are available with maximum sensitivities of 
2.5, 50 and 625 mV/in;  with and without zero suppression 
and common mode voltages, and have zero drift, gain 
stability and noise ratings for high-quality amplification. 
Each amplifier assembly consists of eight identical, solid- 
state modular channels of electronics and a common power 
supply. Twenty-four channel systems are driven by three 
8-channel amplifiers. 

Special frequency boost and compensation circuits ex- 
tend frequency response of 2 kHz galvanometers to 5 kHz 
range ( - 3  dB) .  Current feedback in matching network 
between amplifier and galvanometer stabilizes frequency 
response of galvanometers over broad temperature range. 
Galvanometers of other natural frequencies are available 
for applications when the signal is to be applied directly 
to the recorder. Recordings can be made at any of nine 
speeds (0.25 to 100 in/sec) on ultraviolet-sensitive paper 
and immediately developed under attached post-develop- 
ment lamp. Traces may overlap at amplitudes up to eight 
inches. Additional features include: full-width (0.01 and 
0.1 sec) timing lines, amplitude lines (removable over part 
or all of paper), sequential light beam interruption for 
trace identification, event marker, a lamp power control 
and meter and a meter for indicating remaining paper foot- 
age. As in most Hewlett-Packard recording systems, the 
4500 has provision for complete remote operation. 
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Sensitivity 

Specifications 

658-2000 658-2900 658-3400 

625 mV/in 50 rnV/in 2.5 mV/in 

Channel capacity: up to 25 .  

Paper speeds: standard recorders are supplied with 9 speeds: 
0.25, 0.5, 1, 2.5, 5, 10, 25, 50 and 100 in/sec, electrically 
shifted and selected by front-panel pushbuttons; a connector 
and control panel are available for remote control of paper 
drive and speeds. 

Timing lines: 0.01 or 0.1 sec interval lines recorded across the 
full chart width (8”); controlled from recorder panel or 
optional remote control panel. 

Amplitude lines: 0.1‘’ interval amplitude lines can be super- 
imposed on total chart or eliminated over 0.25, 0.5 or 0.75 of 
full chart width; millimeter lines are available on special 
order. 

Input 
Impedance 

Galvanometer: the Model 9B-lA is the standard galvanometer 
used in the 4500 System. One galvanometer is ordered for 
each recording channel to be utilized. Frequency compensa- 
tion provided by the multi-channel amplifiers extends the 
frequency response of the 2 kHz Model 9B-lA Galvanometer 
to 5 kHz. Current feedback in the matching network between 
amplifier and galvanometer stabilizes the amplitude response 
of the galvanometer. The galvanometer is completely pro- 
tected from burnout by limiting circuitry included in the 
amplifier compensation networks. Other natural frequency 
galvanometers may be obtained to be driven directly by user- 
supplied voltage and current sources. 

Controls: Power On-Off, Timing Interval selector, Lamp Power 
Adjust, Lamp Off/Start, Paper Footage indicator, Event 
Marker, Paper Drive On/Off Jog pushbutton; all controls 
are on the front panel. 

Viewing: calibrated periscope on front panel allows viewing 
the traces when recording or calibrating. 

Input characteristics: each channel has both front and rear 
connector panels. All mating connectors supplied. 

100 k Q 5 M Q  100 k Q  

I and guarded 
I Input Circuit  I :,yg~; Balanced I to ground 

der an amplifier with this blower assembled, simply specify 
Option 02 after the amplifier model number (Le. 658-2900, 
Option 02). Cabinet and portable case will provide all cool- 
ing required. 

Power: 103 to 127 V, 60 Hz, 450 W (recorder); 103 to 127 V, 
50 to 400 Hz, 1 2 5  W (amplifiers) (115 or 230 V on special 
order); 105 to 1 2 5  V, 60 Hz, 195 W (paper take-up) (115 
or 230 V, 50 Hz on special order). 

Dimensions: 4524-09A vertical mobile cabinet: 72 high, 
22-1/16‘’ wide, 30” deep (841 x 560,4 x 762 mm) .  In portable 
cases: Recorder in 4500-06A portable case: 133/8’’ high, 
20-3/16” wide, 17%” deep (349,3 x 512,6 x 450,8 mm).  
Paper take-up in 4500-07A portable case: 7%” high, 20-3/16“ 
wide, 17%” deep (180,8 x 512,6 x 450,8 mm).  Multi-channel 
amplifier in 858-1400 portable case: 8%’’ high, 2 1 % ”  wide, 
22%’’ deep (212,6 x 574,l x 565,2 mm) .  For rack mounting: 
Recorder; 1 2 % “  high, 19’’ wide, 17%” deep (310,2 x 482,6 
x 438,2 mm) .  Paper take-up; 5%” high, 19” wide, 15-5/16” 
deep (133,4 x 482,6 x 388,9 mm) .  Multi-channel amplifiers; 
7” high, 19” wide, 20$$’‘ deep (177,s x 482,6 x 520,7 mm) .  
With built-in cooling fan (Option 02),  depth is 23?/8”. 

Weights: 4508B in vertical mobile cabinet; net 554 Ibs (247,5 
kg),  shipping 650 Ibs (292,5 kg).  4524B in vertical mobile 
cabinet; net 579 Ibs (260,l kg), shipping 675 Ibs (303,3 kg).  
Recorder in 4500-06A portable case; net 130 lbs (58,5 kg),  
shipping 210 Ibs (94,5 kg).  Paper take-up in 4500-07A port- 
able case; net 45 lbs (20,2 kg), shipping 60 lbs (27 kg).  
Multi-channel amplifier in 858-1400 portable case; net 120 
Ibs (53 kg), shipping 150 Ibs (67,5 kg).  Recorder; net 90 
Ibs (40,5 kg), shipping 150 Ibs (67,5 kg).  Paper take-up; 
net 2 5  lbs (11,2 kg) ,  shipping 30 lbs (13,5 kg).  Multi-chan- 
ne1 amplifier; net 80 Ibs (35 kg), shipping 90 Ibs (40,5 kg) .  

Prices: 
Model 45088 Eight-Channel Ultra-Violet  Recorder with cab- 

inet, 115 V 60 Hz; does not include galvanometers or 
multi-channel amplifiers, $4200. Option 01, same as above 
less cabinet; includes master power panel and rack slides 
for mounting in customer’s cabinet, $3725. Option 02, re- 
corder only in portable case, $3960. Option 08 for 50 Hz 
power line, no extra charge. Option 09, step-down trans- 
former installed in cabinet for 230 V power line, 50 or 60 
Hz, $100 additional. 

Model 4524B Twenty-Five-Channel Ultra-Violet Recorder 
with cabinet, 11 5 V 60 Hz; does not include galvanometers 
or multi-channel amplifiers, $4400. Option 01, same as 
above less cabinet; includes master power panel and rack 
slides for mounting in customer’s cabinet, $3925. Option 
02, recorder only in portable case, $4160. Option 08 for 
50 Hz power line, no extra charge. Option 09, step-down 
transformer installed in cabinet for 230 V power line, 50 
or 60 Hz, $100 additional. 

Accessories: standard base recording paper, 200’ roll (3A-26), 
$22.50. Thin base recording paper, 350‘ roll (3A-27$, $37.75. 
Galvanometer (9B-1~4, one required per recording channel), 
$125. Dummy galvanometer without mirror (9B- lW) ,  $10. 
Dummy galvanometer with mirror (9B-lR),  $34. Paper 
take-up (650-900), $650. Portable case for mounting paper 
take-up below recorder case (4500-07A),  $275. Portable case 
for mounting recorder (4500-O6A), $360. Portable case for 
one multi-channel amplifier, including cooling fan (858- 
1400) ,  $250. 
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Specifications 

Maximum calibrated 
sensitivity & maximum 

full scale input 
Sensitivity 

ranges 

Pre- 
implifier 

type 
8801A 

Low 
Gain 
DC 

Input circuit and 
input frequency range Features 

Differential inputs; 5 mV/div sensi- 
t ivity; calibrated zero suppression; in-  
ternal calibration source; wide attenu- 
ation range 

5 mV/div (gain, 20) 

250 volts 

5, 10, 20, 50, 100, 200, 500, 1000, 
2000 and 5000 mV/div; accuracy * 
1% 

Resistance 500 k o h m s * l %  each 
side balanced to ground; i n  parallel 
with approx. 100 pF 

DC to 10 kHz 

8802A 

Med. 
Gain 
DC 

Differential inputs; 1 mV/div sensi- 
t ivity; calibrated zero suppression; in-  
ternal calibration source; wide attenu- 
ation range 

1 mV/div (gain, 100) 

50 volts 

1, 2, 5, 10, 20, 50, 100, 200, 500, and 
1000 mV/div; accuracy * 1% 

Resistance 180 k ohms *I% each 
side balanced to ground, in parallel 
with approx. 100 pF 

DC to 10 kHz 

High sensitivity, 1 pV/d iv :  low drift 
chopper amplifier circuit; guarded 
floating input; high input impedance; 
calibrated zero suppression up to 2000X 
ful l  scale; internal calibration source 

1 pV/div (gain, 

250 volts 

100,000) 
1,2, 5, 10,20,50, 100,200, 500,1000, 
2000 and 5000 pV/div; 10, 20, 50, 
100, 200, 500, 1000, 2000 and 5000 
mV/div; accuracy * 1% on 5000 
pV/div to 20 pV/div ranges, * 2% 
on 10 pV/div to 1 pV/div; accuracy 
of X 1000 attenuator * 1% 

1 megohm min on microvolt range, 
independent of gain; 5 megohms on 
millivolt range; floating and guarded 

DC to 110 Hz 

8803A 

High 
Gain 
DC 

8805A 

Carrier 

88068 

Phase 
Sens. 

Demod. 

8807A 

AC/DC 
Conv. 

8808A 

Log 
Level 

8809A 

Spec. 
Purpose 

DC 

Calibrated zero suppression; calibra- 
tion factor control; high ac-dc gain, 10 
pV/div sensitivity; internal transducer 
excitation drive 

10 p V  rms/div 
(gain, 10,000 rms ac 
to dc) 

100 mV rms 

X 1, 2, 5, 10, 20, 50 100 and 200; 
attenuation accuracy *2% 

Approx. 10 k ohms; single ended 
transducer impedance; 5 k ohm 
max., 100 ohms minimum 

440 Hz to 4800 Hz carrier reference 
frequency 

50 Hz to 40 kHz carrier (reference) 
frequency range; plug-in adjustable 
phase shift modulesfor optimum quad- 
rature rejection; broad-band plug-in, 
50 Hzto40kHz has uncalibrated phase 
shifter single-carrier-frequency plug- 
ins have calibrated phase shifter; high 
impedance, transformer- i s o l a t e d ,  
signal and reference inputs 

0.5 mV rms/div, (gain, 
200 rms a c t o  dc) 

25 volts rms 

Signal input: 0.5, 1, 2, 5, 10, 20, 50, 
100, 200 and 500 mV rms/div; * 
1%, 50 Hz to 10 kHz *2%, 10 kHz 
to 20 kHz; *3%, 20 kHz to 40 kHz 

Reference voltage: 3-133 volts rms 
in two overlapping ranges, internal 
range switch 

Signal input: transformer isolated, 
floating and guarded; resistance 
approx. 1 megohm 

Reference input :  differential, trans- 
former coupled; resistance approx. 
500 k ohms each side to ground, 
may be used single ended 

50 Hz to 40 kHz in bands with un- 
calibrated plug-in; 60 Hz, 400 Hz 
and 5 kHz calibrated phase shift 
plug-ins; special order phase shift 
plug-ins 50 Hz to 40 kHz 

Approx. 1 megohm resistive in paral- 
lel with 10 pF and stray cable ca- 
pacitance; floating and guarded 

Standard model: 330 Hz to 100 kHz; 
option 01 : 50 Hz to 100 kHz 

Fast envelope response time; cali- 
brated zero suppression; scale expan- 
sion for 0.02% resolution; floating and 
guarded 1 megohm input; internal 
calibration source 

0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, and 
10 volts rms/div, *2% (midband) 
scale expansion: X1, X2, X5, X10, 
and X20, ==2% 

1 mV rms/div (gain, 
100 rms ac to dc) 20 mV 
rms/div with X1 scale 
expansion 

500 volts rms 

100 p V  rms sine wave 
corresponds to bottom 
scale output, -80 dB 
below 1 volt 

320 volts rms 

Single ended, resistance 1 megohm 
min. 

5 Hz to 100 kHz for less than 3 dB 
down from mid-band level on “slow” 
response range; 500 Hz to 100 kHz 
on “fast” response range 

100 dB and 50 dB detection spans; 
*l dB detection accuracy; thirteen 
ranges; 100 p V  maximum sensitivity 
(bottom scale); internal calibration 
source 

50 dB span: bottom scale at -80, 

and 0 dB below 1 volt (i.e., 100 p V ,  
320 pV, 1, 3.2, 10, 32, 100, 320 mV 
and 1 volt) 

100 dB span: bottom scale a t  -80, 
-70, -60 and -50 dB below 1 volt 

Continuously adjustable from 20 to 
50 mV/div 

-70, -60, -50, -40, -20, -10 

Switch selected input impedance; 0 
to 1 mA into 1.5 kohm input impedance 
for edge-to-edge chart deflection; full 
scale positioning; internal calibration 
source 

Switch selected: 1500 ohms *2% 
or 100 k ohms min, incremental; 
single ended (floating in 7701A only) 

DC to 5 kHz 

30 mV/div (gain, 3.33) 

0 to +2.5 V or 0 to 
-2.5 V 
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880 1 A 8802A 8803A 8805A 8806B 8807A 8808A 8809A 

Pre- 
amplifier 

8801A 

Low 
Gain 
\DC 

type 

8802A 

Med. 
Gain 
DC 

8803A 

High 
Gain 
DC 

8805A 

Carrier 

8806B 

Phase 
Sens. 

Demod. 

8807A 

AC/DC 
Conv. 

8808A 

Log 
Level 

8809A 

Zero suppression 

* l o  and * l o 0  volts for single-ended 
or differential signals; 10-turn potenti- 
ometer sets precise values of zero sup- 
pression voltages,* 50 volts max. sup- 
pression on 5, 10, 20 mV/div ranges; 
max error of suppression; *0.5% of 
suppression range and 1% of indicated 
suppression 

1 2  volts and 1 2 0  volts for single- 
ended or differential signals; 10-turn 
potentiometer sets precise values of 
zero suppression voltages; * 12.5 volts 
max suppression on 1, 2, 5 mV/div 
ranges; max error of suppression: 
*0.5% of suppression range and 1% 
of indicated suppression 

pV ranges: * l ,  * l o ,  * l o 0  mV; mV 
ranges: *l, * l o ,  1 1 0 0  volts; 10-turn 
potentiometer sets precise values of 
zero suppression voltages; accuracy 
*l% of full scale 

0.100% of transducer full load rating, 
10-turn potentiometer with calibrated 
dial; accuracy: onedial division *0.5% 
of full scale 

None 

Zero suppression: up to 100% of full 
scale on any range can be suppressed; 
10-turn potentiometer with calibrated 
dial ; scale expansion: 5, 10, 20, or 50% 
of full scale can be expanded to cover 
fu l l  chart 

None 

None 

Calibration (referred 
to Input) 

100 mV, *l% internal 

20 mV, *l% internal 

200 pV *l% internal 
on pV/div range 

200 mV *l% internal 
on mV/div range 

2% *0.02% of trans- 
ducer full scale output; 
CAL signal in p V  may 
be read from the CAL 
factor dial 

1 volt rms internal at 
carrier reference fre- 
quency; * 1% 50 Hz to 
10 kHz; *2% 10 kHz 
to 20 kHz; *3% 20 
kHz to 40 kHz 

1 volt internal 1 1 % ;  
approximately 500 Hz 

Internal -80, -30 and 
+20 dB V; dB V refer- 
red to 1 volt (100 p V ,  
32 mV and 10 V full 
scale) 

600 mV *2%, internal 

Common mode rejection & tolerance 

48 dB min. dc to 150 Hz; 1 5 0  volts on 5, 10, 20 mV/div ranges; *500 volt 
max on other ranges for less than *l% change in differential sensitivity 

48 dB min, dc to 60 Hz, 1000 mV/div range; 48 dB min dc to 150 Hz all other 
ranges; *12% volts on 1, 2, 5 mV/div ranges; *125 volts on 10, 20, 
50 mV/div ranges; *500 volts max other ranges for less than *l% change 
in differential sensitivity 

pV range, max source unbalance of 1 k ohms 160 dB min at dc, 120 dB min 
at 60 Hz, mV range, max source unbalance of 500 k ohms 100 dB min at dc, 
60 dB min at 60 Hz 

DC 300 V peak, 60 Hz, 1 pV/div, 10 V rms, 2 pV/div, 20 V rms, 5 pV/div, 
50 V rms, 10 pV/div and 10 mV/div, 100 V rms, 20 pV to 5000 pV/div and 
20 mV to 5000 mV/div, 220 V rms 

Quadrature rejection & tolerance: Greater than 40 dB. Tolerance: error less 
than *2% full scale when quadrature voltage is equal to twice in-phase 
signal required for full output 

Common Mode: Greater than 40 dB up to 10 kHz; 500 V rms, maximum; 
Quadrature tolerance: equal to the amplitude of a full scale in-phase signal 

60 dB min at 60 Hz; 40 dB min at 400 Hz with up to 10 k ;  source unbalance; 
+500 volts peak 

None 

50,000:-1 at dc; *50 volts max; (7701A only) 
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Rise time 
(10 div, 1040% 

4% overshoot) 

Pain stability 
20° to 40°C, 101 

to I t 7  volts 

Preamplifier/Model 7701A Recorder System Specifications 
(Specifications apply only when Permapapem is used) 

0.25 div method 1 1  0.2 div p-p 20 msec Temperature: 0.35%/ 
10% 

Line voltage: 0.6% 

1 mV range 0.35 div 
Other ranges 0.25 div 
method 1 1  

1 div p-p maximum gain 

0.1 div p-p minimum gain 

20 msec Temperature: 0.35%/ 
l 0 T  

0.4 div method 11 0.2 div p-p +1% of chart 
deflection 

0.4 div method 1 1  7 p V  x square root of 
combined 88066 record- 
er fre uency response, 
p-p, reqerred to input /- 

fc = carrier reference 
frequency in Hz 

Line voltage: 0.6% 

0.55 div 1-0.05 div x scale 
expansion 60 Hz to 5 kHz 
method 2 1  

Baseline of fset  and/or 
noise 2 mV rms referred 
to input plus 0.025 div x 
scale expansion 

22 msec 
0 tion 01 : 73 msec 
( l pp rox .  10% overshoot) 

Temperature: 0.2%/10°C 
x scale ex ansion + 
0.45%/10BC 

Departure from log char- 
acteristic 
50dB: 1.25divmethod21 
100 dB :  1 div method 21 

0.4 div method 11 

50 dB range: 0.8 div p-p 
100 dB range: 0.4 div p-p 

(Maximum noise at boi- 
tom of recording chart) 

0.1 div p-P 

Fast: 28 msec (825 dB/ 
see) 
Slow: 2 sec(9 dB/sec) 

T e m p e r a t u r e :  50  d B  
range 2.13 dB.ilO°C; 100 
dB range 2.25 dB/lO°C 

Output frequency 
response (10 cm) dc to 
less than 8 dB down at 

Zero drift 
(less trace width) 
Z O O  to 40°C, 101 

to 127 volts 

Pro- 
amplifier 

type 

8801A 
Low 
Gain 
DC 

8802A 
Med. 
Gain 
DC 

Output linearity 

0.25 div method 11 

Out ut noise maximum 

0.2 div p-p 30 Hz 20 msec Temperature: 0.35%/ 

Line voltage: 0.6% I 1°0C 

Temperature: 1.25 div/ 
10°C; 0.5 ,div/8 hr, con- 
stant ambient 

Line voltage: 0.35 div 

30 Hz Temperature: 1.25 div/ 
10°C; 0 .5d i v /8  hr, con- 
stant ambient 

Line voltage: 0.35 div 

30 Hz Temperature: pV range: 
1 pV/lO°C referred to in- 
p u t  *0.65 div/lO°C for 
uII scale output 

mV range: mV/lO°C re- 
ferred to input, k0.26 
div/lO°C for 0 ourput 
and *0.65 div/lO°C far 
ful l  scale output 

8803A 

Hiqh 
Gain 
DC 

8805A 

Carrier 

Linevoltage:Ooutput0.27 
div; fullscaleoutput0.45 
div 

Line voltage: 0.75%, 1 
mV/ d i v  to 5 mV/div;  
0.55% al l  other ranges 

30 Hz Temperature: 0.45 div/ 
l0OC 

Line voltage: 0.35 div 

20 msec Temperature: 0.45%/ 

Line voltage: 0.75% 

88066 

Phase 
Sens. 
Demod. 

1 I Temperature: O.5%/lO0C Temperature: 0.5 div/ 
1 OOC 

Line voltage: 0.35 div 
I , .  

i c  =" carrier reference 
frequency in Hz 

8807A 

AC/DC 
Conv. 

27 Hz 
Option 01 : 9 Hz 

Temperature 0.03 div/ 
10°C x scale expansion 
+0.35 div/lO°C; 0.005 
div/hr x scale expansion 
at constant ambient 

Line voltage; 0.005 div x 
scale expansion plus 0.30 
div 

Line voltage: 0.24% x 
scale expansion +0.75% 

Does not apply Does not a ply (with in-  
put shortatoutput is off- 
scale at bottom of chart)  

8808A 

Log 
Level 

8809A 
Spec. 
Purpose 
DC 

Line voltage: 
50 dB range 0.75 dB 
100 dB range 1.0 dB 

(Maximum gain at bottom 
of recording chart) 

Temperature: 0.75%/ 

Line voltage: 1% 

20 msec 30 Hz Temperature: 0.4 div/ 
10°C at 30 mV sensitivity 

Line voltage: 0.50 div. 

Method 1.  After setting mechanical zero of  stylus within *l division of  chart center and calibrating for zero error at center scale and +20 divisions, error is as shown above at any point on 
printed coordinates. 
Method 2:  After setting mechanical zero of stylus to chart center *l division and calibrating for zero error at lower and upper ends of printed coordinates, error is as shown above at any point 
on scale. 

Low Med. 
Gain Gain 
DC DC 

8801A 8802A 
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frequency i n  Hz 

54 Hz 
Option 01: 9 Hz 

Preamplifier/Model 7702A Recorder System Specifications 
(Specifications apply only when Permapapem is used) 

frequency in Hz 

11.2 msec 
Option 01: 70 msec 

(Approx. 10% overshoot) 

Output frequency 
response (10 em) dc 

IO less than S dB 
down at 

Gain stability 
LO0 to 40%, 103 

to 127 volts 

Zero drift 
( less trace width) 

20° to 40"C, 105 
to 127 volts 

Pre- 
amplilier 

8801A 

Low 
Gain 
DC 

8802A 

Med. 
Gain 
DC 

8803A 

type 

High 
Gain 
DC 

output linearity 
(less trace width) 

Output noise maximum 
(less trace width) Rise time 

5 msec Temperature: 1.25 d i v i  
1 0 T ;  0.5 div/8 hr, con- 
stant ambient 

Line voltage: 0.70 div 

0.25 div method 11 125 Hz Temperature: 0.35%/ 
10°C 

0.2 div p-p 

0.2 div p-p 

Line voltage: 0.6% 

Temperature: 0.35%/ 
1 0 T  

Line voltage: 0.6% 

Temperature: 1.25 div/ 
10°C; 0.5 div 8 hr ,  con- 
stant ambient 

Line voltage: 0.70 div 

0.25 div method 11 

1 mVrange0.35div 
3ther ranges 0.25 div 
Wethod 11 

1 div p-p maximum gain 
0.1 div p-p minimum gain 

Temperature: 0.35%/ 
l 0 T  

Temperature: p V  range: 
1 pV/lO"C referred to in- 
pu t  *0.65 div/lO"C for 
f u l l  scale ourput 

mV range: 1 mVilO°C re- 
ferred to inpur *0.26 
div/lO°C for, 0 output 
and 10 .65  div/1O0C for 
f u l l  scale output 

Line voltage: 0 outpur 
0.27 d iv ;  ful l  scale out- 
pu t  0.45 div 

Temperature: 0.45 d i v /  
l0OC 

Line voltage: 0.35 div 

Line voltage: 0.75%, 1 
mV/div to 5 mV/div; 
0.55% al l  other ranges 

8805A 

Carrier 

0.4 div method 11 0.2 div p-p +1% of chart 
deflection 

110 Hz 5.6 msec Temperature: 0.45%/ 
l0OC 

Line voltage 0.75% 

Temperature: 0.5%/10°C 

Line voltage: 0.6% 

Temperature: 0.5 d i v i  
1OOC 

Line voltage: 0.35 div 

88068 

Phase 
Sens, 
Demod 

0.4 div method 11 7 WV x square root o f  
combined 88068 recorder 

p-p frequency response 
referred to input 

8807A 

AC/DC 
C o w .  

1.55 div +0.05 div x scale 
?xpansion. 60 Hz to 5 kHz, 
nethod 2 1  

Baseline offset and/or 
noise: 2 mV rms referred 
to input plus 0.025 div x 
scale expansion 

Temperature: 0.2%/10°C 
x scale expansion +0.45 
%/lO°C 

Temperature: 0.03 div, 
10°C x scale axpansion 
+0.35 divi1O"C; 0.005 
div:hr x scale expansion 
at constant ambient 

Line voltage: 0.005 div x 
scale expansion plus 0.30 
d iv 

Line voltage: 0.25% x 
scale expansion +0.75% 

8808A 

:%I 

Departure f rom log char- 
acteristic 
50 dB: 1.25 div method 2 1  
100 dB: 1 div method 2 1  

50 dB: range 0.8 div p-p 
100 dB: range 0.4 div p-p 

(Max. noise a t  bottom of 
recording chart) 

Does not apply Fast: 20.5 msec(875 dB/ 
sec) 
Slow: 2 sec(9 dB,isec) 

T e m p e r a t u r e :  5 0  d B  
range; 2.13 dB/lO"C 

Does not apply.(W(th in- 
putshorted output IS off- 
scale a t  bottom of  chart.) 

Line Voltage: 
50 d B :  range 0.75 dB 
100 d B :  range: 1.0 dB 

Maximum gain a i  bottom 
of recording chart) 

0.4 div method 1' 0.1 div p-p 125 Hz 5 msec Temperature: 0.75%/ 
10°C 

Line voltaee: 1% 

Temperature: 0.4 div/lOO 
C at 30 mV sensitivity 

Line voltage: 0.50 div 

8809A 
Spec. 
Purpose 
DC 

ethod 1: Af 
rinted coord 

- .. 
stylus within -1 division c setting mechanical zero 

ites. 
Method 2: After setting mechanical zero of stylus to chart center =t1 division and calibrating for zero error a t  lower and upper ends of  printed coordinates, error is as shown above a t  any point  
on scale 



140 

Does not apply 

125 Hz 

Preamplifier/Model 7704A Recorder System Specifications 

Fast: 20.5 msec (875 dB/ 
sec 
Slow: 2 sec(9 dB/sec) 

5 msec 

Zero dr i f t  
(less trace width) 
Z O O  to 40% 103 

remperature: 1.25 div/ 
.O°C; 0.5 div/8 hr, con- 
i tant  ambient 

t ine voltage: 0.15 div 

10 127 Volt8 

Output frequency Rise time 
response (10 div) de to 
la88 than 3 dB down at 

(10 div; 1040% 
4% overshoot) 

Gain stabil ity 
20° to 40°C, 103 

to le7 volts 

Pra- 
amplifler 

8801A 

LOW 
Gain 
DC 

type 
Output linearity 

(less trace width) 

0.25 div method 1 1  

Output noise maximum 
(less traca width) 

0.2 div p-p 125 Hz 5 msec I Temperature: O.2%/1O0C 

Line voltage: 0.25% 

0.25 div method 11 0.2 div p-p 125 Hz 5 msec Temperature: O.2%/1O0C 

Line voltage 0.25% 

Temperature: 1.25 div/ 
IOOC; 0.5 ,div/8 hr, con- 
i tant  ambient 

t ine voltage: 0.15 div 

8802A 

Med. 
Gain 
DC 

8803A 

High 
Gain 
DC 

8805A 

Carrier 

80068 

Phase 
Sens. 
Demod. 

8807A 

AC/DC 
Conv. 

1 mV range0.35 div 

Other ranges 0.25 div, 
method 1: 

1 div p-p maximum gain 

0.1 div p-p minimum gain 

Temperature: O.2%/1O0C Temperature: p V  range: 
I pV/lO°C referred to in- 
put  
h0.26 div/lO°C fo r0  out- 
put and *0.65 div/lO°C 
or fu l l  scale output 

v V  range 1 mV/lO°C re- 
ferred to input ==0.26 
j iv/lO°C!orOoutputand 
~ 0 . 6 5  div/lO°C for f u l l  
scale output 

Line voltage: 0.4%, , 1 
mV/div to 5 mV/div; 
0.2% all other ranges 

Line voltage: 0 output 
3.07 div fu l l  scale out- 
put 0.35 div 

Temperature: 0.45 div/ 
10°C 

Line voltage: 0.25 div 

0.4 div method 1 1  0.2 div p-p + I %  of chart 
deflection 

Temperature: O.3%/1O0C 110 Hz 5.6 msec 

Line voltage: 0.4% 

Temperature: 0.35%/ 
1 0 T  

Temperature: 0.5 div/ 
1OOC 

Line voltage: 0.25 div 

0.4 div method 1 1  7 p V  x square root of 
combined 88066 recorder 
frequency response, p-p, 
referred to input Line voltage: 0.25% 

Tem erature:0.2%/10°C 
x scare expansion+ 0.3% 
/1OT 

Line voltage: 0.24% x 
scale expansion +0.4% 

Temperature: 0.03 div/ 
10°C x scale expansion 
+0.35 div/lO°C; 0.005 
div/hr x scale expansion 
a t  constant ambient 

Line voltage:,0.005 div x 
scale expansion DIUS 0.1 
div 

,055 div -0.5 d:v x scale 
expansion. 60 hz to 5 kHz. 
method 21 

11.2 msec 
Option 01: 70 msec Option 01: 9 HZ 

(Approx 10% overshoot) 

Baseline offset and/or 
noise: 2 mV referred to in- 
put plus 0.025 div x scale 
expansion 

T e m p e r a t u r e :  50 d B  
range:2.05 dB/lO°C; 100 
dB range'2.1 dB/lO°C 

Does not a ply (With in- 
put shorte8ouiput is off- 
scale on bottom of chart. 

Departure from log char- 
acteristic 
50 dB1.25 div method 11 
1W dB: 1 div method 2 1  

50 dB range: 0.8 div p-p 
100 dB range:0.4 div p-p 

(Max. noise at bottom of 
recording chart) 

8808A 

Log 
Level 

8809A 
Spec. 
Purpose 
Dc 
ethod 1 : ! 
W e d   COO^ 

Method 2: A 
on scale. 

Linevoltage:50dBrange: 
0.58 dB; 100 dB range: 
0.65 dB 

(Maximum gain at bottom 
of recording chart) 

Temperature: 0.6 10°C 
Line voltage: 0.6g 0.4 div method 1' 0.1 div p-p Temperature: 0.4 div/lOO 

C a t  30 mV sensitivity 
Line voltage: 0.3 div 

!r setting mechanical zero of stylus within ~1 division of chart center and calibrating for zero error at center scale and +20 divisions, error is as shown above at any point on 
iates. 
r setting mechanical zero of stylus to chart center *1 division and calibrating for zero error at lower and upper ends of printed coordinates, error is as shown above at any point 

Phase 
Sensitive 
Demodulator 

AC to DC 
Converter 

880 7A 8806 B 
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b 

Log- Level Special 
(Log Converter) Purpose 

DC 

8809A 8808A 

Preamplif ier-Model 7706A-7708A Recorder System Specifications 
(Specifications apply only when Permapapem is used) 

Pre- 
amplifier 

type 
8801A 

LOW 
Gain 
DC 

8802A 

Med. 
Gain 
DC 

8803A 

High 
Gain 
DC 

8805A 

Carrier 

88066 

Phase 
Sens. 
Demod. 

Output noise maximum 
(leas trace width) 

Output frequency 
response (10 div) dc to 
leas than 8 dB down at 

7706A: 125 Hz 
7708A: 150 Hz 

Rise time (10 div, 
10-90%, less than 

4% overshoot) 
7706A: 5 msec 
7708A: 4 msec 

Zero d r i l l  
(less trace width) 

Output linearity 
(less trace width) 

0.25 div method 11 
Gain stabil ity 

[emperature: 0.2%/10° 
,, 10' to 40°C 

0.2 div p-p Temperature: 1.05 div/ 
10°C, l o o  to 40'C; ,0.5 
div/lhr,constant ambient 

Line voltage: 0.15 div, 
103 to 127 V 

.ine voltage: 0.25%, 103 
io 127 V 
lemperature: 0.2%/10° 
,, 10" to 40°C 

0.25 div method 1 1  7706A: 5 msec 
7708A: 4 msec 

Temperature: 1.05 div/ 
10°C, loo to 40°C; 0.5 
div/lhr,constant ambient 

7706A: 125 Hz 
7708A: 150 Hz 

0.2 div p-p 

Line volta e 0 15 div, 
103 to 127& : ' 

Temperature: 20' to 40° 
C .  p V  range: 1 pV/lO°C 
rdferred to input, *0.06 
div/lO°Cfor 0 outputand 
scale t 0 . 4 5  output div/lO°C for fu l l  

.ine voltage: 0.25%, 103 
o 127 V 
Temperature: 0.2%/10° 

C. 20' to 40°C 
7706A: 90 Hz 
7708A: 100 Hz 

1 mV range: 0.35 div 
Other ranges: 0.25 div 
method 1 1  

1 div p-p maximum gain 

0.1 div p-p minimum gain 

7706A: 7 msec 
7708A: 6.4 msec 

mV range: 1 mV/lO"C re- 
ferred to input, ==0.06 div 
/lO°C fo! 0 output and 
t 0 . 4 5  div/lO°C for fu l l  
scale output 

Line volta e 0 output: 
0.07 div;  fu i l  scale out- 
out:0.35 div. 103 to 127V 

h e  voltage: 0.4%. 1 mV 
'div to 5 mV/div; 0.2%; 
I ther ranges; 103 to 127 V 
Temperature: 0.3%/10° 
C, 0' to 40°C 

~ 

0.2 div p-p +1% of chart 
deflection 

7706A: 5.6 msec 
7708A: 4.75 msec 

Temperature: 0.25 div/ 
10°C, Oo to 40% 

0.4 div method 11 

0.4 div method 1 1  

7706A: 110 Hz 
7708A: 120 Hz 

Line voltage: 0.4%, 103 
to 127 V 
Temgerature: 0.35%/10° 
C, 0 to 40°C 

Line voltage: 0.25 div, 
103 to 127 V 
Temperature: 0.3 div/lOO 
C, Oo to 40°C 

106A: 7 p V  x square root of 
combined 88066 recorder 
p-p frequency response, 
referred to inout 

'706A: 1 

Jrn H' 

&r+ 
708A: 1 

H 

fc = carrier reference 
frequency in Hz 
7706A: 
8807A: 54 Hz 
8807A: Option 01 : 9 Hz 

7708A: 
8807A: 55 Hz 
8807A: Option: 01: 9 Hz 

/'- sec Line voltage: 0.25%, 103 
to 127 V 

Line 103 to voltage: 127 V 0.25 div, 

708A: 

f c  = carrier reference 
frequency in Hz 
7706A: 
8807A: 11.2 msec 
8807A: Option 01: 70 msec 

7708A: 

0.55divf0.05divxscale 
expansion, 60 Hz to 5 kHz, 
method 21 

Baseline offset and/or 
noise: 2 mV rms referred 
to input plus 0.025 div x 
scale expansion 

remperature: O.2%/1O0C 
x scale expansion +0.3% 
/lo%, l o o  to 50°C 

Temperature: 0.03 div/ 
10°C x scale expansion 
+0.15 div!lO°C, l o o  to 
50OC; 0,.005 div/hr x scale 
expansion at constant 
ambient 

Line voltage: 0.005 div x 
scale expansion +0.1 div. 
in? tn 177 v 

8807A 

AC/DC 
Conv. 

8808A 

%el 

8807A. 10.8 msec 
8807A'Option01:70 msec 
(Approx 10% overshoot) Line voltage: 0,24% x 

icale expansion +0.4%, 
103 to 127 V 
Temperature: Oo to  4 0 T .  
50 d 6  range 2.05 dB/lOd 
C; 100 d 6  range 2.1 dB/ 
l0OC 

. - - ._ . - . 
Does not apply. (With in 
out shorted output is off- 

Does not apply Departure from log char- 
acteristic 
50 dB:1.25div 
100 dB: 1 div method 2 1  

7706A/7708A: 
Fast: 20.5 msec(875 dB/ 
sec) 
Slow: 2 sec(9 dB/sec) 

50 dB range: 0.8 div p-p 
100 dB rangc0.4 div p-p 

scale on bottom of chart) 

Line voltage: 103 to 127 
V; 50 d B  range 0.58 dB; 
100 d 6  range 0.65 dB 

(Maximum gain at bottom 
of recording chart) 
Temperature: 0.6%/10° 
C, 10' to 40% 

(Max. noise at bottom of 
recording chart) 
0.1 div p-p 8809A 

Spec. 
Purpose 
DC 

0.4 div method 1 1  7706A: 125 Hz 
7708A: 150 Hz 

7706A: 5 msec 
7708A: 4 msec 

Temperature: 0.2 div/lO" 
C at 30 mV/div sensitivi- 
ty, Oo to 40°C 

Line voltage: 0.65%, 103 
to 127 V 

Line voltage: 0.3 div, 103 
to 127 V 

lethod 1: I 
printed cool 
Method 2:  I 
on scale 

?r setting mechanical zero 
iates. 

ir zero error at center scale and +20 divisions, error is as shown above at any poim on stylus within *1  division chart center and calibratin 

?r setting mechanical zero of stylus to chart center *I  division and calibrating for zero error at lower and upper ends of printed coordinates, error is as shown above at any point 
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Model 958-3600 958-2900 

Gain stability (temp. 
and line volt variations) 

Noise (max. p-p at 
calibrated gain) 

1% max. from 0 to 50°C; 
1% max. from 103 to 127 V 

1% max. from 0 to 50°C; 
1% max. from 103 to 127 V 

0.1 div 0.1 div 

Price 
~~~ 

958-3600, $2500 958-2900, $2500 

958-3400 958-1 500 

medium-gain dc high-gain dc 

0.5 mV/div 

0.5, 1, 2, 5, 10 and 20 mV/ 
div;0.5,1,2,5,10and 20V/ 
10 div; attenuator error 
* 2% 

10 pV/div 

10, 20, 50, 100, 200, 500, 
1000 and 2000 pV/div; 
attenuator error*2% *2% max. 10 V/div; attenuator error 

Inputcircuit  550 K each side balanced 
to ground, except 500 K on 
negative input side on three 
most sensitive ranges 

5 megohms each side bal- 
anced to ground 

0.5 megohm on mV ranges, 
I megohm on volt ranges, 
input is floating and guard- 
ed from chassis 

100 K all ranges, f loating 
and guarded from chassis 

Zero suppression precedes signal attenua- 
tion and gain control, may 
be used with single-ended 
and balanced in,puts; *40V 
max. suppression referred 
to input 

follows attenuator switch 
and precedes gain control, 
may be used with single- 
end and balanced inputs; 
suppresses t 2 . 5  V max. 
on most sensitive range, 
corresponding to max. sup- 
pression of 10 times center 
of chart to either edge on 
any range 

none none 

~~ 

Common mode or 
quadrature rejection 
ratio 

typically more than 40 dB, 
but may be as low as 28 dB 
(25 :1) 

34 dB min. on most sensi- 
tive ranges, 28 dB min. on 
all other ranges 

140 dB min. at dc; 120 dB 
min. at 60 Hz with no un- 
balance; 100 dB rnin. at 60 
Hz with 5000 ohms unbal- 
ance 

140 dB min. at dc;%O dB 
min. at 60 Hz with no in -  
put unbalance; 100 dB min. 
at 60 Hz with 5000 ohms 
unbalance 

Common mode or 
quadrature voltage 

* 500 V max. *200 V max. *40 V max. on 3 most sen- 
sitive ranges;*400 V max. 
on all other ranges 

0.5 div/lO"C max. from 0 to 
50°C; 0.1 div max. from 103 
to 127 V 

l o x  differential mode signal 
which causes 25 div deflec- 
tion 

0.5 div/hr max., 2 div/24 
hr max.; 0.5 div/lO°C max. 
from 0 to 5Oo/C; 0.1 div 
max. from 103 to 127 V 

Zero drift (time, temp., 
and volt variations) 

0.25 div/lO"C max. from 0 
to 50°C; 0.1 div max. from 
103 to 127 V 

0.25 div/lO°C max. from 0 
to 50°C; 0.1 div max. from 
103 to 127 V 

1% max. from 0 to 50°C; 
1% max. from 103 to 127V 

0.25 div 

1% max. from 0 to 50°C; 
1% max. from 103 to 127 V 

0.5 div 

Max. non-linearity I 0.25 div I 0.25 div 0.25 div 0.25 div 

Internal calibration I l V * l %  I 0.2 v *l% 10 mV *2% 

958-3400, $3500 

0.2 mV * 2% 

958-1500, $3800 

Frequency response for a l l  systems: dc to 1 5 0  Hz (40 mm channels); dc to 125 Hz (50  mm channels); -3 dB, 10 div p-p; except 958-1500, which is dc to 1 0 0  Hz. 
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Model 
Amplifier type 

Max. sensitivity 
Attenuation range 

Input circuit 
Zero suooression 

658-2000 658-2900 658-3400 
galvanometer driver, I ow-gai n, genera I -purpose medium-gain, general-purpose 

general-purpose 
625 mV/in (5 V for 8 ”  trace) 50 mV/in (400 mVfo r8 ”  trace) 2.5 mV/in (20 mV for 8 ”  trace) 

XI ,  2, 4, 10, 20, 40; smooth gain X I ,  2, 5, 10, 20, 50, 100, 200, 500, X1, 2, 5, 10, 20, 50, 100, 200, 500, 
2.5-to-1 adj.; up scale and down 1000; smooth gain 2.540-1 adj.; 1000, 2000, 5000; smooth gain 
scale output switch; attenuation attenuation error ‘2% max. 2.540-1 adj,; attenuation error 
error *2 % max. 1 3 %  max. 

single ended, 100 k bat. to gnd.; 1 megohm each side floating and guarded, 100 k 
N/A follows attenuator switch and ore- N /A 

Common mode or quadrature 

Common mode or quadrature 
rejection ratio 

voltage 
Frequency response (within 

3 db point) 
Response time (10 % to 90 %) 
Zero drift (time, temp. and 

line voltage variations) 
Gain stability (temp. and line 

volt variations) 
Noise (max. p -p  at calibrated gain) 
Max. non-linearity 
Internal calibration 
Price 

range 
34 dB X1 range, 28 dB other ranges 

f2.5 V on X1 range, multiply att. 
range X2.5 to max. of *500 V 

N/A 

N/A 

140 dB at dc, 120 dB at 60 Hz bat., 
110 dB at 60 Hz 1000 ohms unbal. 

* 500 volts 

0 to 5 kHZ (4” p-p) 
0 to 3 kHz (8” p-p) 

0 to 5 kHz (4” p-p) 
0 to 3 kHz (8” p-p) 

0 to 5 kHz (4” p-p) 
0 to 3 kHz (8” p-p) 

80 psec 4% or less overshoot 
0.O25”/1O0C max.,Oto50”C;0.02” 
max., 103 to 127 volts 

better than 1 %, 0 to 50°C; 
better than 1%, 103 to 127 volts 

80 psec 4 %  or less overshoot 
O. l ” / lO°C max., 0 to 50°C; 0.02“ 
max., 103 to 127 V ;  O.l”/hr. 

better than 1 %, 0 to 50°C; 
better than 1%, 103 to 127 volts 

0.02” p-p max. 0.02” p-p max. 0.02” p-p max. 
*1.5% fu l l  scale (8”) *1.5% ful lscale(8”) 1 1 . 5 %  ful lscale(8”) 

2.5 volts * 1% 0.2 volt f 1% 10 mV *2% 

80 psec 4 %  or less overshoot 
0.O5”/1O0C max., 0 to 50°C; 0.02” 
max., 103 to 127 volts 

better than 1 %, 0 to 50°C; 
better than 1%, 103 to 127 volts 

658-2000. $2200 658-2900. $2895 658-3400. $3780 

658-2000 

Price (with 
cooling fan) 

658.2900 658-3400 

(658-2000- Opt. 2) (658-2900-Opt. 2) (658-3400-Opt. 2 )  
$2345 $3040 $3925 
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Linear displacements 
LinearsynB (LVDT) Transducers produce an electrical output 

proportional to any physical parameter which is capable of con- 
version to a relative displacement between the transducer’s core and 
coil assembly. A wide stock selection of transducers is available for 
a variety of industrial and laboratory applications. When used with 
Sanborn or equivalent carrier amplifiers, linear displacements to 
0.000001’’ may be resolved. Non-linearity error will not exceed 
1.0% of total stroke; temperature range, -50” to 205°F. Linearsyns 
are shielded, immersible in non-corrosive fluids without damage, 
resistant to shock and vibration and void of friction and mechanical 
hysteresis. 

7DCDT and 24DCDT (DCLVDT) dc excited, dc output linear 
displacement ( kO.05” to f 3”) transducers are extremely con- 
venient to use for measuring, monitoring or controlling mechanical 
displacements. No external carrier system is required, and phase shift 
and balancing adustments are not necessary. Each DCDT has a 
built-in carrier oscillator and phase-sensitive demodulator which 
produces a high-level dc output voltage proportional to the linear 
displacement of the core. Both series have extremely high resolution, 
zero hysteresis and non-linearity less than f0.5% of total stroke. 
The 24DCDT’s have approximately three times the sensitivity of the 
7DCDT’s and operating temperature to 250°F (TDCDT, 140°F). 
Nominal excitation is 6 V dc, 20 milliamps for the 7DCDT series 
and 24 volt dc, 38 milliamps for the 24DCDT series. They should 
be energized from a low-impedance, well regulated power source 
such as the Model 6204A which provides excitation for several 
7DCDTs or 24DCDTs. A 6.5 V battery-operated power supply, 
TPS-10, is available for 7DCDT’s. 

Linear velocity 
LVsynB Linear Velocity Transducers are remarkably simple to 

set-up and use for sensitive measurements of relative velocity. The 
basic LVsyn design eliminates the need for external excitation. DC 
voltages are generated by moving a high flux density permanent 
magnet in the bore of differentially wound coils. The voltage ampli- 
tude is proportional to core velocity. Resolution of an LVsyn output 
is unlimited-sensitivity over the rated stroke range is constant 
within >%-temperature range between -50°F to +200”F. They 
can be operated single-ended or push-pull; while immersed in non- 
corrosive fluids; without end stops or displacement limits. Each 
transducer is supplied with a calibration record. 

Dimensional gaging 
GT Dimensional Gaging Transducers can be quickly set up to 

gage, classify or profile single or multiple-point machined dimensions 
in seconds. Pieces can be gaged to millionths repeatedly with these 
precision miniature differential transformer transducers that feature 
zero hysteresis, high resolution and linearity. Rugged GT’s meet 
AGD mounting dimensions for dial indicators and operate from 
-50” to t170”F.  Non-linearity is less than 1.0% of total stroke; 
contact pressure is 6 oz. max. and nominal carrier excitation is 6 

volts at 2.4 kHz. These miniature GT gages have %’’ diameter 
stainless steel casing, replaceable contactor, precision bearings- 
terminations which will match Sanborn carrier amplifiers (GT-3- 
030-l), multiple gaging systems (GT-3-030-2) ; or with tinned leads 
only (GT-3-030). 

Low level forces 
FTA low-level tension and compression sensing transducers ( f 1 

to f 100 gm) are ideal for measuring buoyancy, discrete weights, 
small bearing torques, displacements and angles, as well as muscle 
contractions and other physiological motion. These miniature “Micro- 
force” transducers provide an economical way to measure uni- or 
bi-directional forces with infinite resolution, linearity to 0.2% of 
full scale and hysteresis as low as 0.1% of applied force. FTA’s have 
400% overload capacity, low tracking force (no bearing friction) 
and excellent thermal stability over 0” to -I- 170°F. Nominal excita- 
tion is 5 volts at 2.4 kHz. 

Gas pressure 
The 270 is a highly sensitive and stable instrument for measuring 

low gas pressures. It was originally developed and is used in medical 
pulmonary studies but now, also is replacing the 14 inch water 
manometer in many industrial and laboratory applications such as 
missile and airborne pneumatic control testing, and leak detection in 
vacuum and pressurized systems. The 270 has the same inherent 
advantages as other Sanborn differential transformer transducers 
(LVDT’s), in addition to a relatively high natural frequency, low 
volumetric displacement (0.003 cu in full scale), high sensitivity 
(28 mV/vex), temperature operating range between 32” and 120°F 
and ability to measure either single-ended or differential pressures. 
Ratings are based on carrier excitation of 5 volts at 2.4 kHz. 

Liquid or gas pressure 
This new series of pressure transducers consists of five transducers 

with pressure capabilities of 15, 100, 300, 1000, and 3000 PSI. This 
new series is for use in industries such as aerospace, petroleum, 
chemical, hydraulics and others. The 1281 Series pressure sensors 
operate on a variable inductance bridge principle in conjunction with 
carrier amplifiers, and can be used with such recording systems as 
Models 301 and 321, 350 Series, 7700 Series, and 950 Series. Contact 
material is 17-4 stainless, and the housing and tube adapter is of 
nickel plated steel. The specified temperature range is -40°F to 
250°F. They have 0.5% linearity, 8 mV/Vex sensitivity, and high 
overload protection, and can be used either flush-mounted or with 
tube adapters. 

Model 1281-OA: 0-15 PSI; Model 1281-02A: 0-100 PSI; Model 
1281-03A: 0-300 PSI; Model 1281-04A: 0-1000 PSI; Model 1281- 
05A: 0-3000 PSI. All units are 2.5” diameter by 3.8” high. Weight: 
approx. 24 ounces. Price: $250. 

Optional accessory equipment 
Model 311A Transducer Amplifier Indicator, $425; DCDT Power 

Supplies Model TPS-10, 6.5 V dc (whattery), $42. 

585, 586 FTA-1-1 GT-3.030 
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Model 
Stroke (range) (in) 

Specifications, Dimensional Gaging 
Transducers Model 7DCDT/24DCDT 

-050 -100 I -250 I -500 I -1000 I -3000 
h0.05 i 0 . 1  I 1 0 . 2 5  I i 0 . 5  I 1 1  I +3 

Phase shift 
(at 2.4 kHzj 

I Model I GT-3-030 I GT-3-030-1 I GT-3430.2 I 

20" 0" 0" 

Sensitivity Adjustable 
(mV/0.3 in/vex 1 7o 1 1 1 
at 2.4 kHz) 3*10% 2.6*1% 

Weight net 
(gmj shipping 

200 500 500 
500 800 800 

I Dimensions I 2.34" Ig, 0.375" dia (59 x 10 mm) I 

Price $115 $140 $170 

Model 

Force (range, gm) 

Specifications, Microforce 
1 Transducers 

FTA-1-1 FTA-10-1 FTA-100-1 

1 1 10 * 100 

Sensitivity ( fu l l  I scale, mV/vex) 1 8 1 8 I 8 I 

Model 3LVA5 3LV1 6LV1 6LV2 

(mV/in/sec) 40* 35* 250* 250* 

(k ohms) 2 2.5 13 19 

Sensitivity 120 90 500 500 

Resistance 

I Natural freq (Hz) I 65 I 130 I 390 I 

6LV3 6LV4 7LV6 7LV9 7LV20 
500 500 350 350 20 
250* 250* 150* 150* 7*  

25 32 11.5 17 3 

Model 
Differential pressure range 

psi (mm HzOj 
Common mode pressure 

psi (mm HzO) 
Sensitivity ( fu l l  scale) 

mV/0.5 psi/vex at 2.4 kHz 
Linearity error ( fu l l  scale) 
Hysteresis (applied pressure) 
Differential performance, 

(applied pres., equal inputs) 
Acceleration sensitivity 
Dynamic response: square wave: 

Dimensions 1 inches (mm) I 1.37 IE. 0.75 dia 135 x 19) I 

270 
1.0.5 (1.350) 

3 (2000) 

28 mV/vex 

less than 1% 
less than 0.1% 

output less than 0.01% 
0.005 psi (3.5 mm HpO)/g 

rise time, 5 ms; 

Weight net FTA-X*, 90; FTA-X-1,153 1 (gin) shipping 1 760 760 1 
Price FTA-X*, $175; FTA-X-1, $200 

*FTA transducers w i thou t  adapter f o r  operat ion w i t h  
HP carr ier  systems; sensi t iv i ty  ranges f r o m  70 to  83 
mV/vex a t  2.4 kHz; X = range i n  grams. 

Inductance 
(henrys) 0.085 0.065 1.6 2.4 3.2 4 1.9 2.8 0.035 

Stroke range 

Size-inches (mm) 

inches 
(mm) 

diameter: 

length: 

Weight(gm)arm- 
ature assembly 
Weight net coil 

(grams), core 
shipping 

Price 

0 . 5 1  1 2  3 4 6 9 2 0  
(13) (25) (25) (51) (76) (101) (152) (229) (508) 

0.37 0.37 0.63 0.63 0.63 0.63 0.75 0.75 0.75 
(10) (10) (16) (1;) (1;) (16) (19) (19) (E) 
3.16 4.22 5 11.25 15.75 22.75 
(80) (108) (128) (178) (230) (275) (400) (580) (760) 

3.5 4.5 11 15 17 22 54 69 40 

20 25 110 150 200 240 420 610 800 
3.5 4.5 11 15 17 22 54 69 40 
84 84 224 252 308 336 505 756 900 

$40 $45 $50 $55 $60 $65 $85 $100 $120 

overshoot, 10% 

0 - 40 Hz, flat to 5% 
. -  

Dimensions: 
Weight: 
Price: 

2.63" high, 2.y5" dia (67 x 70'mm) 
net 1 I b (0,45 kg), shipping 2 I bs (0,9 kg) 

Model 270, with 8-ft  cable/adptr/conn, $295 
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- - - - - - - c E  MAGNETIC INSTRUMENTATION RECORDERS 

Magnetic tape instrumentation 

Magnetic tape recorders record elec- 
trical data which may range from dc to 
1.5 MHz for later play-back, analysis, 
and evaluation. The data may already be 
in electrical form or may be an almost 
unlimited variety of physical or scientific 
phenomena converted to electrical form 
by a transducer. 

Recording systems generally fall into 
one of two categories: analog or digital. 
Analog systems, with which we are con- 
cerned here, record electrical data in its 
original form, that is, as a continuous 
stream of variations in the input signal, 
which are continuously recorded on the 
tape. In digital systems, on the other 
hand, the input data are translated into 
a series of bits or pulses (generally in the 
binary code) for easy handling by digital 
computers and other digital processing 
systems. (See the Data Acquisition sec- 
tion for further information on digital 
techniques. ) 

Analog magnetic recorders can them- 
selves be subdivided into a number of 
classes. These include the audio tape re- 
corder (home recorders, dictation ma- 
chines, etc.), video recorders (Le., tele- 
vision recorders), and instrumentation 
recorders. The first two types of record- 
ers are special-purpose in that they are 
designed for a specific application. In- 
strumentation recorders, however, are 
general-purpose instruments. Hewlett- 
Packard offers instrumentation magnetic 
recording systems of varying complexity 
to handle virtually all of the analog re- 
cording requirements of the industrial, 
medical, and chemical technologies. 

Advantages of magnetic recording 

Magnetic recording is an economical, 
time-saving method of preserving data 
for analysis. Almost any phenomenon 
which can be converted to an electrical 
signal with an appropriate transducer 
can be recorded and then is available in- 
definitely for analysis, in electrical form. 
It is then easily compared to other data 
or studied alone by means of X-Y re- 
corders, strip-chart recorders, oscillo- 
scopes, wave analyzers, digitizing sys- 
tems, or other analyzing equipment. Since 

the material can be replayed over and 
over again, it may be analyzed several 
different ways. 

By recording data on tape, the speed 
of events can be changed during play- 
back, either expanding or compressing 
time. Rapidly occurring events or high 
frequencies can be reproduced at  slower 
tape speeds, for slow, detailed observa- 
tion. The lowered reproduced frequencies 
can then be studied with convenient low- 
frequency equipment such as analyzers 
and chart recorders. On the other hand, 
slow events or low frequencies can be 
speeded up, scanned rapidly for signifi- 
cant content, by reproducing them .at 
faster speeds than that used during the 
recording. This latter method is particu- 
larly important in shortening analysis 
time; slowly occurring phenomena can 
be greatly compressed in time, and an- 
alyzed quickly and conveniently on such 
higher frequency equipment as an oscillo- 
scope. 

One of the most important advantages 
of tape recording is its ability to monitor 
continuously, recording unexpected and/ 
or unpredictable events. Thus, it can pre- 
serve irreplaceable data. Such data might 
include power line transients, seismic 
tremors, and atomic blast effects. 

Continuous monitoring with magnetic 
recorders is economical. If no significant 
phenomenon occurs, the tape is simply 
erased and reused. With up to 14 chan- 
nels, magnetic data recording systems can 
also preserve the time relationships 
among several rapidly occurring events. 
This capability is extremely important in 
analysis of cause and effect. 

Magnetic recording has the further 
advantage that the recorded material is 
immediately available for reproduction. 
There is no delay for processing of the 
recorded material. On the other hand, 
tapes can be stored for long periods with- 
out degradation of the recorded material. 
Thus, events separated widely in time can 
be compared easily. 

The magnetic recording system 
The magnetic recording system con- 

sists of three basic parts: the electronics, 
the head assembly, and the tape trans- 

port. The electronics part of the system 
supplies the input data in proper form 
to the record head and recovers the data 
from the reproduce head. 

The head assembly has both a record 
and a reproduce section. The record sec- 
tion impresses the input data onto the 
magnetic tape as variations in local mag- 
netization; the reproduce section recon- 
verts these variations back into electrical 
signals. 

The tape transport drives the tape past 
the head assembly at  a constant speed. 

The magnetic tape while not an inte- 
gral part of the recording system, is nev- 
ertheless extremely important in overall 
system operation. In some instances it is 

- 

39246 

the tape which imposes the limitation on 
performance. Care in selecting tape to 
match recording requirements is well jus- 
tified. 

Magnetic tape consists of a layer of 
magnetic material laid down on a flexible 
base, usually of polyester film. The mag- 
netic material is initially demagnetized. 
The recording heads are electromagnets 
which have a small gap in the core across 
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which the tape is moved. As the tape 
crosses this gap in the core, it acts as a 
magnetic shunt across the gap. When 
the tape is in motion, that part which 
leaves the trailing edge of the gap is 
left permanently magnetized in the di- 
rection of head magnetization at that in- 
stant. The intensity of magnetization is 
proportional to the instantaneous signal 
current in the head at the instant that 
portion of the tape left the gap. 

The reproduce head is an electromag- 
net similar to the record head. When the 
magnetized tape particles are shunted 
across its gap a magnetic flux is devel- 
oped in the core. As the tape moves, the 
variations in flux induce a voltage in the 
head winding proportional to the ?ate of 
rhdnge of the magnetic field in the gap. 
This voltage, with appropriate process- 
ing by the reproduce electronics, re-cre- 
ates the original input signal. 

Recording methods 

Two methods are commonly used to 
impress analog electrical data on the 
tape: Direct and FM. In the Direct re- 
cording process, the input signal is added 
linearily to a high frequency bias signal, 
and the combination is applied to the 
record head. The bias signal overcomes 
the non-linearity (common to all mag- 
netic material) of the tape, with the re- 
sult that the intensity of msgnetization is 
proportional to the instantaneous ampli- 
tude of the input signal. 

The advantage of the Direct record 
process is that it provides the greatest 
bandwidth obtainable from the recorder. 
It also requires only simple, moderately 
priced electronics. However, since a sig- 
nal is induced in the reproduce head only 
when there are flux variations as the tape 
passes the head, the low frequency re- 
sponse of a Direct record system does not 
extend to dc. The Direct recording pro- 
cess also is characterized by some ampli- 
tude instability, caused by random sur- 
face inhomogeneities in the tape. At long 
wavelengths (lower frequencies) these 
amplitude variations may be only a few 
percent. However, for frequencies near 
the upper bandwidth limit for any given 
tape speed, amplitude variations can ex- 
ceed IO%, and momentary decreases of 
over S O Y ,  (called "dropouts") are occa- 
sional. 

Direct recording, then, is used when 
maximum bandwidth is required and 
amplitude variation errors are not critical. 
Typical applications of the Direct record 
process include sound recording, where 

the ear averages amplitude variation 
errors, and carrier frequency recording. 
When maximum bandwidth must be ob- 
tained with relative freedom from drop- 
outs, a single input signal can be recorded 
on several channels simultaneously. 

Frequency modulation (FM) record- 
ing Overcomes some of the basic limita- 
tions of direct recording at  the cost of 
reducing high frequency response. Fre- 
quency response extends down to dc, and 
the reproduced signal is not significantly 
degraded by tape amplitude variation 
effects. 

In the FM recording method, a carrier 
oscillator is frequency-modulated by the 
input signal. The center frequency cor- 
responds to a zero-level input and the 
deviation from the center frequency is 
proportional to the amplitude of the in- 
put signal. The direction of the deviation 
is determined by the input signal polarity. 
In typical FM systems, *40% deviation 
of the carrier frequency corresponds t o  
% full scale for the input signal. The 
FM recording process is used, then, when 
the dc component of the input signal is 
to be preserved, or when the amplitude 
variations of the Direct recording method 
csnnot be tolerated. 

While FM recording overcomes some 
limitations of the Direct method, it in 
turn has its own limitations. These are: 
(1 ) limited high frequency response com- 

serve data for evaluation. This need oc- 
curs in medicine, environmental testing, 
nuclear and geological investigations, 
oceanography, aero-space experiments, 
etc. 

In the field of medicine, for example, 
preserving a record of patient reaction to 
treatment is often extremely important. 
The multi-channel capability of magnetic 
recorders permits pulse, respiration, tem- 
perature, etc., all to be monitored and 
recorded simultaneously. Since time rela- 
tionships are preserved, an entire chain of 
events can be reconstructed exactly as it 
happened. 

During environmental testing, a num- 
ber of parameters are usually monitored. 
Stress and strain caused by shock and 
vibration are two. Of course, general 
device operation during extremes of tem- 
perature, pressure, and humidity are also 
monitored. Magnetic recorders can pre- 
serve all of this data. 

Predetection recording of telemetered 
data is another important application for 
magnetic tape recorders. As its name im- 
plies, predetection recording preserves the 
data in its transmitted form. The best 
method of detection can then be deter- 
mined by experiment a f t ev  the f ac t ,  with 
minimum possible loss of information. 

These are but a few of the applications 
for which analog magnetic recording is 

0 . 2 0 0  Hz 0-1500 Hz 0 -  10 kHz 

Typical Low Flutter of Hewlett-Packard Transport 

Bandwidth used for measurement is shown in each case. 
Vertical scale is0 .2% p.p per cm. Tape speed is 60 ips. 

pared to the Direct process, ( 2 )  de- 
pendence on the instantaneous tape ve- 
locity, and ( 3 )  electronics which are 
somewhat more complex and, therefore, 
somewhat more costly. 

Applications 

Magnetic recorders have application in 
any field in which there is need to pre- 

suited. The total number is constantly 
expanding. 

Design philosophy 

The objective sought during the design 
of the Hewlett-Packard magnetic tape re- 
cording systems was to provide a high- 
performance system with a simplicity of 
design that assures easy operation and 
high day-to-day reliability. The level of 
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performance which has been achieved, 
performance which is measured in terms 
of the smoothness of tape motion-Le., 
low flutter and wow-is attested by the 
oscillograms shown above. At the same 
time, to assure reliability, the tape trans- 
port is designed so that it requires no 
maintenance other than occasional clean- 
ing to remove tape oxide dust. 

In addition to designing for simplicity 
in the transport, and also in the electron- 
ics, the elements of the tape system were 
designed for economical production. Con- 
sequently, the cost of Hewlett-Packard 
tape systems is considerably lower than 
that of other systems of comparable per- 
formance. 

Choosing an HP tape recorder 

The Hewlett-Packard line of Instru- 
mentation Tape Recording Systems in- 
cludes ten basic systems, listed in Table 
I. As shown, five have 7-track capability 
and the other five have 14-track capa- 
bility. 

The ten systems were derived from 
two basic transport mechanisms. One 
transport was designed for a maximum 
reel size of 15 inches, which permits 
longest playing time. The other transport 
accommodates reels up to 10% inches 
and thereby achieves a more compact 
configuration. Each of the two transports 
comes in two versions, one for '/z inch 
wide tape for recording seven channels 
of information, and the other designed 
for 1-inch tape to permit 14-channel re- 
cording. 

The other differences among the vari- 
ous systems are in the head assemblies 
and the electronics. All of the Hewlett- 
Packard tape systems conform to IRIG 
(Inter-Range Instrumentation Group) 
specifications with regard to track width, 
track spacing, FM carrier frequencies, 
and FM deviation. The tape records are 
interchangeable with other machines ad- 
hering to IRIG standards. 

1 

The ten systems may be grouped into 
three categories, according to bandwidth 
capabilities. The first group provides Di- 
rect recording to 100 kHz, or FM re- 
cording to 10 kHz. The second group 
provides Direct recording beyond 250 

kHz and FM recording to 20 kHz. The 
third group achieves an upper frequency 
limit of 1.5 MHz in Direct recording and 
400 kHz in FM recording. 

The systems may also be grouped ac- 
cording to electronic design (all of the 
Hewlett-Packard Magnetic Tape Record- 
ing Systems use solid-state circuits). The 
first in this grouping includes the Models 
3907B through 3924B systems, as listed 
in Table I. These systems have the record 
and reproduce electronics on circuit cards 
that plug into the electronics cabinet. 
Both record and reproduce circuits for 
each channel are mounted on a single 
card (preamplifiers for the reproduce 
heads, in either Direct or FM recording, 
are permanently mounted on the trans- 
port chassis). The tape-speed networks 
are on separate sub-module cards that 
plug onto the amplifier cards, thus mak- 
ing a change to another tape speed a 
matter of changing only the tape-speed 
sub-modules. 

systems are supplied either in standard 
cabinet racks or in portable cases. 

The second group consists of the four 
systems in the 3955 Series. These four 
systems have greater flexibility, in that 
separate modules are used for the record 
and reproduce electronics. Furthermore, 
each module holds three tape-speed net- 
works at a time, any one of which is 
selected by pressing the appropriate push- 
bar on the module's front panel. Speed 
changes are quickly effected with the 
push-bar technique used in these systems. 

The 3955 systems also have monitor 
meters to indicate the input signal levels. 
Front panel switches allow the meter to 
monitor the bias on each track. Push- 
buttons allow test signals to be inserted 
conveniently on any track, requiring ac- 
cess only to the front panel. 

The reproduce preamplifiers of the 
3955 systems use a new input circuit, 

3955D 

These systems obtain superior perfor- 
mance at lowest cost. They are also most 
compact; a 7-channel system requires 
only one electronics mainframe and a 14- 
channel system requires only two. These 

Straightforward open.loop tape drive on 
Hewlett-Packard transports. 

which evolved from other developments 
in magnetics in the Hewlett-Packard Lab- 
oratories, achieving outstanding signal- 
to-noise performance. 
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Model 

3907B 

3914B 

The four systems in the 3955 Series 
differ only with respect to the transport, 
since the same electronics modules are 
used in all four systems. There is a choice 
of 7-channel or 14-channel systems and 
a choice of maximum reel size. Systems 
using the transports with 10% inch reels 
are the most compact and inexpensive. 
The 15-inch transports provide the long- 
est recording time (up to 19 hours at a 
tape speed of 178 ips). 

The third group, intended especially 
for wide band recording, are the 3950 
systems. These provide Direct record 
bandwidths to 1 .5  MHz and FM to 400 
kHz. The 3950 systems achieve higher 
tape packing density, and hence higher 
frequency response at a given tape speed, 
than the other systems. The 3950 systems 
have a maximum tape speed of 120 ips 
and are therefore supplied only with the 
15-inch reel transport to allow over 17 
minutes of recording time at 120 ips. 

Many of the components of the 3950 
systems are common to the 3955 systems. 

Max. Direct FM 

speed size 
record record Page 

max. Bw max. Bw 8 
Tracks tape Max.reel 

7 60 10% 100 Hz-100 kHz 40 DC-10 kHz 45 150-154 

14 60 10% 100 Hz-100 kHz 40 DC-10 kHz 45 150-154 

Transport mechanism 

The key to obtaining quality perfor- 
mance at moderate cost in the Hewlett- 
Packard systems lies in the design of the 

3917B 

3924B 

3955A 

39558 

basic transport mechanism. The Hewlett- 
Packard transports achieve high quality 
performance, particularly evidenced by 
their low flutter and wow, with a rugged, 
uncomplicated mechanism. They have the 
further advantage of requiring no main- 
tenance whatever, evcept for occasional 
cleaning of the heads and tape guides. 

High performance was achieved with 
an open-loop-drive system (capstan con- 
tacts tape at only one point). Each ele- 
ment along the tape path was designed 
to contribute toward uniform tape move- 
ment past the recording and reproduce 
heads. A high degree of mechanical 
filtering is applied, in the form of viscous- 
damped fly-wheels and controlled fric- 
tional elements. The transport mecha- 
nism achieves performance comparable 
to all but the most costly closed-loop 
systems, in which the tape contacts the 
capstan at both exit and entry points of 
the head area. It does so without the use 
of complex tape drive systems. 

The tape mechanism treats the record- 
ing tape gently, to insure no loss of data 
from tape stretching, tearing, or other 
accidents. The brake design uses fail-safe, 
mechanical negative feedback to insure 
optimum braking torque on each reel, 
regardless of the direction of tape move- 

7 60 10% 300 Hz-250 kHz 35 DC-20 kHz 45 150-154 

14 60 10% 300 Hz-250 kHz 35 DC-20 kHZ 45 , 150-154 

14 60 15 300 Hz-300 kHz 40 DC-20 kHz 48 155-160 ' 

7 60 15 300 Hz-300 kHz 40 DC-20 kHz 48 155-160 

3955C 

3955D 

14 60 10% 300 Hz-300 kHz 40 DC-20 kHz 48 155-160 

155-160 I 7 60 10% 300 Hz-300 kHZ 40 DC-20 kHz 48 

3950A 

39508 

14 120 15 400 Hz-1.5 MHz 30 DC-400 kHZ 30 155-160 

7 120 15 400 HZ-1.5 MHz 30 DC-400 kHZ 30 155-160 

ment, thereby obtaining fast, smooth 
stops without tape spillage, stretching, or 
breaking. 

The transport has six speeds, any one 
of which is selected simply by depressing 
the appropriate pushbutton. No capstan 
or belt changes are required. The tape is 
easily threaded, and the reel hub design 
enables one-handed mounting of the 
reels. 

The tape transports also include a re- 
liable tape footage counter. The tape 
footage counter has consistently demon- 
strated accuracy within a few inches on 
repeated high speed end-to-end shut- 
tlings of a reel of tape, equivalent to an 
accuracy of 0.05%. 

Accessories 

Several accessories are available for 
Hewlett-Packard Tape Recording Sys- 
tems. One of these, the Model 3680A AC 
Power Supply, can be used to supply 
crystal-controlled 60-Hz power to the 
transport if the local power line fre- 
quency stability is considered unsatis- 
factory. 

If even better timing accuracy than 
that provided by the basic transport is 
required, the Model 3681A Tapespeed 
Servo unit may be used with the AC 
Power Supply to maintain the playback 
speed the same as the record speed. The 
Tapespeed Servo provides standard IRIG 
speed control signals for recording on 
the tape during data recording. On play- 
back, the speed control signal, by way of 
the Tapespeed Servo unit, controls the 
60-Hz output of the AC Power Supply. 

Instrumentation recorders normally do 
not have erase heads, to insure that val- 
uable data is not lost because of acci- 
dental erasure. The tape is erased by ex- 
ternal equipment, such as the H P  Model 
3603A Automatic Tape Degausser. The 
Automatic Tape Degausser achieves 
thorough erasure of tape without intro- 
ducing any magnetic transients or other 
disturbances into the tape. This instru- 
ment accepts reels up to 15 inches in 
diameter and 1 inch in width and auto- 
matically erases the tape, independently 
of operator attention. 

Also available are remote control boxes 
(Model 3907-11A) and a Voice Channel 
Amplifier. The Voice Channel Amplifier, 
Model 3604A, records and plays back 
voice commentary on the edge of the 
tape (for all systems but the 3950 Series). 
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MAGNETIC TAPE RECORDERS 
Low-cost, instrumentation-quality recording 
Models 3907B, 3914B, 3917B, 3924B 

Advantages: 
50 to 100,000 c/s (Hz) bandwidth (Direct mode) 
D C  to 10,000 c/s ( H z )  bandwidth (FM mode) 
Six pushbutton speeds, 17/8 to 60 ips, 

40 dB or better signal-to-noise ratios 
0.254- p-p flutter, 0 to 200 Hz at 30 and 60 ips 
IRIG compatibility 
7 or 14 channels plus monitoring track 

no capstan changes 

Uses: 
Industrial : telemetry; flight, jet and missile 

engine, scientific laboratory tests; vibration 
studies, research; “back-up” or prime monitors 
in large process and test installations 

instruction 
Medical : physiological, biological research; 

Narrowband bandwidth 3907B, 3914B 

Model 3907B, 39143 7- and 14-channel magnetic tape 
recorders are excellent, accurate, low-cost systems for both 
industrial and medical applications. Complex recording re- 
quirements of IRIG telemetry and neuro-physiology can be 
handled easily with either system. Both systems are identi- 
cal except for channel capacity. 

Frequency response at 60 ips is 100 Hz to 100 kHz, Direct 
mode; dc to 10 kHz, FM mode. Their wide speed range 17/, 
334, 71/2, 15,  30 and 60 ips is particularly useful when 
time base expansion or contraction is needed, as it often is, 
for data analysis, 

Low-flutter tape transport 

The superior performance of these tape recorders is largely 
due to the unique tape transport that is rugged yet simple 
in design. They compete in basic characteristics (flutter, 
s/n ratio, etc.) with the better servo-controlled systems. 
The transport incorporates the most advanced, simple, 
direct damping techniques known to minimize flutter, pro- 
viding as low as 0.2% p-p flutter over 0 to 200 Hz band- 
width at 30 and 60 ips. The  heads also provide extremely 
low cross-talk levels, which is highly desirable when Direct 
and F M  channels are mixed on the same head stack, and 
the high output results in excellent Direct record signal- 
to-noise ratios. All models have an additional edge track 
for voice commentaries, or pulsed or time-coded data. The 
tape guide system will accept any standard recording tape 
on lOl/,’’ reels. Other important elements of this carefully 
designed transport are a built-in footage counter accurate 
to 99.95%; a very simple snap-on reel holder mechanism, 
and single-side drive provides for simple tape threading. 
All speeds selected electrically by front-panel pushbuttons, 
which apply voltage directly to the proper winding of one 
of three dual-winding drive motors, and the same capstan 
and idler serve all tape speeds. 

/ 

Interchangeable electronics 

Three modes of operation make 3907B, 3914B very 
versatile and flexible recording instruments. Interchangeable 
FM, Direct and Pulse record/reproduce inserts, with all 
solid-state electronics, plug into the insert rack and trans- 
fer chassis below the transport on the front panel (two 
racks are used in the 14-channel 3914B). The electronics 
can be all alike or mixed as required. Frequency compensa- 
tion for any of the six speeds is available through small 
plug-in circuits that attach to the F M  and Direct reproduce 
electronics in the inserts. . . frequency compensation is not 
required with Pulse record/reproduce inserts. (The indi- 
vidual reproduce preamplification for each channel is pro- 
vided through a preamplifier card near the head assembly.) 

Time scale expansion/reduction 

In addition to their ability to cover accurately a broad 
range of frequency response requirements, 3900 Recorders’ 
wide speed range can be used to increase or decrease the 
record/reproduce time scale to a maximum of 32 : 1 to make 
data analysis more convenient. For instance, a 10 Hz signal 
recorded at 1% ips would appear as 320 Hz played back 
at 60 ips increasing the scanning rate 32 times. Conversely, 
a 320 Hz signal recorded at 60 ips could be played back 
as a 10 Hz signal at 17/s ips into any Sanborn heated stylus 
recorder for a permanent record and immediate analysis 
(see pages 120-130).  Fourteen channels of Direct mode 
taped data, as high in frequency as 100 kHz, can be played 
back at reduced speeds and immediately read out by traces 
greater than 4” p-p on a Model 4500 optical, multi-channel 
recorder (see pages 134-135) which has 0 to 5 kHz fre- 
quency response 3 dB down. Other readout methods such 
as Model 5601A multi-channel numerical display which is 
capable of driving H P  562A Digital Recorder (printout) 
can be used directly with H P  magnetic tape recorders. 

Other combinations of input and readout equipment are 
compatible with the 3900 Series Instrumentation Tape Re- 
corders; for more data call your local HP sales office. 

Optional operating accessories 

The versatile 3907B and 39143 may be operated at re- 
mote locations through Model 3907-1 1A Remote Control 
Panel(s) that include all functions: stop, play, reverse, fast, 
forward and record; and Model 3907-06A Voice Channel 
Amplifier can be added to the cabinet when it is desirable 
to record commentaries at the same time that data is being 
recorded; edge tracks are standard in all transports. Single- 
ended signals can be connected directly to these recorders, 
or Model 3907-07A Input Signal Coupler may be used to 
adapt push-pull output to the signal-ended input to the 3900 
Systems, Tape Adapters (3907-04B for Y2’’ tape, 3914-04B 
for 1” tape) are capable of repetitive playback of tape loops 
up to 100 feet long. 
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A complete system 
A complete system includes the multi-track tape trans- 

port, insert rack(s) and transfer chassis, preamplifier rack, 
power supply, 7 or 1 4  reproduce preamplifiers and the 
cabinet. Record/reproduce electronics can be purchased for 
FM, Direct or Pulse operation in any combination, with 
speed equalization plug-ins for the speeds at which you 
wish to record. In  Pulse mode plug-ins are not required. 

39 17 B/3924B lntermed iate Bandwidth Recorders 
New Sanborn 3917B, 39243 intermediate bandwidth 7-  

3907-04B Tape Loop Adapter 

and 14-channel magnetic tape systems will record and store 
information with bandwidths to 250 kHz maximum on 
Direct mode and to 20 kHz max. in F M  mode. These broad- 
band recorders permit the use of lower tape speeds for most 
data recording purposes or as much as 2.5 to 1 increase 
over narrowband systems in the quantity of data stored for 
the same operating speed. Model 3900-12B Direct and 3900- 
13B FM Record/Reproduce broadband amplifier inserts and 
compatible speed equalization plug-ins (see page 154) are 
required-the reproduce preamplifier in these recorders has 
an additional stage for the higher gain/bandpass product 
requirements. 

3900 Series Vertical Mobile Cabinet 
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System features 
The electronics in the 3900 Recorders can be conveniently 

and simply aligned, as well as interchanged between F M  
and Direct or Pulse modes of operation at the front panel. 
T h e  insert rack and transfer chassis, located directly below 
the tape transport, contain the power supply and accommo- 
date seven printed circuit card record/reproduce amplifier 
inserts with plug-in speed equalization circuits. An eighth 
position is reserved for  recording systems that have pro- 
vision for voice commentaries through an edge track on the 
heads. Direct record/reproduce amplifier inserts (with speed 
equalization plug-ins) are required for voice channels, The  
reproduce amplifiers on the record/reproduce inserts for 
each channel are subdivided into three sections-preamplifier 
(fixed), main amplifiier on record/reproduce inserts (inter- 
changeable FM, Direct or Pulse) and plug-in circuits which 
determine the system gain, (Direct) or frequency ( P M )  for 
all tape speeds. The  preamplifier design assures high signal- 
to-noise ratios. 

T h e  all solid-state power supply on the insert rack and 
transfer chassis delivers regulated operating voltages to all 
of the electronics in the recorder. Supply voltages can be 
measured at test points on the front panel and a built-in 
alignment meter and channel selector switch make setting 
the center frequency and modulation sensitivity of each F M  
channel a simple procedure, 

When it is desirable to  cancel the small amount of noise 
introduced by transport flutter in F M  operation (see speci- 

fications on page 153)  channel 3 (and/or 10 in 14-channel 
systems) can be reserved to record and play back an un- 
modulated carrier signal which helps to cancel the noise in 
the output in any of the other channels. Placing the com- 
pensation switch “on” in the rear of the insert rack and 
transfer chassis applies a negative fed signal to the output 
of each of the other channels, effectively cancelling the 
flutter signal and increasing the signal-to-noise ratio over 
the bandwidth on all tape speeds. 

Specifications, Tape Transport 
(all models, unless otherwise specified) 

Number of tracks: 7 (3907B, 3917B) ; 14 (3914B, 3924B). 
Track width: 0.05”. 
Track spacing: 0.07” center-to-center. 
Max. interchannel time displacement error: & 1 Psec at 60 ips, 

Tape speeds: 60, 30, 15, 795, 334, 178 inches per sec. 
Tape width: x” (3907B, 3917B) ; 1” (3914B, 3924B). 
Tape thickness: 1 mil. 
Tape length: 3600 feet, 1 mil tape. 
Reel size: 101/2” phenolic hub type. 
Start time: approx. 4 sec. max. 
Stop time: 1 second max. 
Rewind time: approx. 150 seconds (3600 feet). 
Operating controls: Line (Power), Stop, Play, Reverse, For- 

ward (Fast), Record, are pushbutton relays; receptacle a t  
the rear of the transport is provided for remote control op- 
era tion. 

between two adjacent tracks, on same head. 

3907A-11A 
Remote 
Control 

Unit 

3907B Option 02 
Portable Cases for 

Transport and Amplifier 

3907-06A 
Voice Channel 

Amplifier 

3907A-07A 
In put Coupling 

Amplifier 
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Speed Bandwidth 
60 ips 

30 ips 

15 ips 

7% ips 

3% ips 

1% ips 

0 to 200 c/s (Hz) 
0 to 1.5 kc/s (kHz) 
0 to 10 kc/s (kHz) 
0 to 200 c/s (Hz) 
0 to 1.5 kc/s (kHz) 
0 to 5 kc/s (kHz) 
0 to 200 c/s (Hz) 
0 to 1.5 kc/s (kHz) 
0 to 2.5 kc/s (kHz) 
0 to 200 c/s (Hz) 
0 io 1.25 kc/s (kHz) 
0 to 200 c/s (Hz) 
0 to 625 c/s (Hz) 
0 to 200 c/s (Hz) 
0 to 132 c/s (Hz) 
0 to 625 c/s (Hz) 

Flutter (p-p) 
0.2% 
0.3% 
0.6% 
02% 
0.5% 
0.8% 
0.25% 
0.45% 
0.6% 
0.4% 
0.65% 
0.5% 
0.8% 
0.8% 
1.2% 
1.5% 

Direct, standard bandwidth 

*Measured with bandpass fi l ter at output with an 18 dB/octave rolloff. 

FM RecordlReproduce mode 
Record amplifier input: 20 k impedance, single-ended; t 2 . 5  

volts dc (nominal), adjustable k 1 . 2  to -13 volts dc. 
Reproduce amplifier output: single-ended; 1 2 . 5  volts dc 

(nominal) at + 3  mA max. adjustable k 1 . 2  to t 5  volts 
dc; 100 ohms max. source impedance; dc position adjust- 
able k 2  volts. 

Drift: 2 0 . 2 5 %  max. for 10°C change, 15' to 35OC; 
k 0 . 2 5 %  max. for 10 volt change in line voltage. 

FM, standard bandwidth 

*Over bandwidth, min. rms at zero frequency deviation measured with low-pass fi l ter at 

**Channel 3 andlor 10 provide flutter compensators. 
output with an 18 dB/octave rolloff. 

Specifications, 3917B, 3924B 
Direct Record/Reproduce mode 

Record amplifier input: 20,000 ohm resistance, single-ended; 

Record amplifier output: single-ended; 1 volt rms to 2.1 
0.5 to 10 volts rms, adjustable. 

volts rms at i .3 mA; 100-ohms max. source impedance; 
dc level adjustable t 1 . 5  volts. 

Third harmonic distortion: typical,l% at 500 c / s (Hz) ,  30 ips. 
Direct, extended bandwidth 

FM Record/Reproduce mode 
Record amplifier input: 20,000 ohms impedance, single- 

ended; i-2.5 volts dc (nominal), adjustable k 1 . 2  to 
t 3  volts dc. 

Reproduce amplifier output: single-ended; t 2 . 5  volts dc 
(nominal) at + 3  mA max., adjustable 2 1 . 2  to 5 volts 
dc; 100-ohms max. source impedance; dc position ad- 
justable a 2  volts dc for positioning optical or direct- 
writing galvanometers, 

Drift: 1 0 . 2 5 %  max. for 10°C change, 15' to 35OC; 
k 0 , 2 5 %  max. for 10 volt change in line voltage. 

Linearity: ~ 1 . 5 %  of full scale, maximum deviation from 
a straight line using 0% and plus 30% frequency de- 
viation as reference points. 

*Over bandwidth, min. rms at zero frequency deviation measured with low-pass fi l ter at 
output with an 18 dB/octave rolloff. 

Specifications, 3907B, 3914B (3917B, 3924B) 
Pulse Record/Reproduce mode 

Record amplifier input: rectangular, zero-based negative- 
going pulse, -7.5 to -30 volts final amplitude; rise 
and fall times are not important except when they in- 
fluence timing of recorded signal. There is no upper limit 
on pulse duration. 

Reproduce amplifier output: rectangular zero-based negative- 
going pulse approximately - 11.8 volts final amplitude 
across open circuit; output signal amplitudes, and rise 
and fall times are not related to input signals except as 
noted above. 

Output source resistance: single-ended, 1000 ohms; may be 
loaded. For example, with 1000 ohm load approx. 6 V 
is available. 

Pulse, standard bandwidths 
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Specifications, 

Power: 115 volts &lo%,  60 Hz +2%;  approximately 

Dimensions: in mobile cabinet: 5774“ high, 22” wide, 26” 
deep (1368 x 559 x 660 m m ) ;  rack mount Option 01: 
24-15/32” high, 19“ wide, 14” deep (622 x 483 x 356 
mm) transport; 7” high, 19” wide, 137/8” deep (178 x 
483 x 352 mm) insert rack and transfer chassis; portable 
cabinets Option 02: 25” high, 16%” wide, 15%’’ deep 
(638 x 425 x 400 mm) transport; 7-9/16” high, 195/,” 
wide, 141/2’’ deep (192 x 500 x 368 mm) insert rack and 
transfer chassis; 3907-04B, 3914-04B, $5‘‘ and 1” Tape 
Loop Adapters fit on left side of cabinet. 

500 watts. 

Weight (approx.) 

Model 3907B, 3917B: net 456 Ibs (180,4 k g ) ,  shipping 
552 lbs (250 k g ) ;  rack mount Option 01: net 250 lbs 
(113,5 kg) ,  shipping 350 Ibs (159 kg) transport; net 
100 lbs (45 k g ) ,  shipping 150 lbs (68 k g ) ;  insert rack 
and transfer chassis; portable carrying cases Option 02 : 
net 300 lbs (136 k g ) ,  shipping 400 Ibs (45 kg) trans- 
port; net 136 lbs (100 k g ) ,  shipping 150 lbs (68  kg)  
insert rack and transfer chassis. 

Model 3914B, 3924B: net 500 lbs (227 k g ) ,  shipping 621 
lbs (272 k g ) ;  rack mount Option 01: net 250 lbs 
(113,5 k g ) ,  shipping 325 lbs (157,5 kg) transport; 
net 100 Ibs (45 kg) ,  shipping 150 Ibs (68 kg)  insert 
racks and transfer chassis; portable carrying cases Op- 
tion 02: net 100 Ibs (45 k g ) ,  shipping 150 Ibs (68  
kg) transport; net 35 lbs (15,9 k g ) ,  shipping 45 Ibs 
(20,4 kg) insert racks and transfer chassis. 

Optional accessory equipment: 3907-07A Input Signal 
Coupler, less input cards, $395 (adapts equipment with 
push-pull output to single-ended input of 3900) ; 3907- 
11A Remote Control Panel, $385; 3907-06A Voice Chan- 
nel Amplifier (includes microphone), $250; can be used 
with Options 01 and 02 which have edge tracks in heads 
for voice commentaries but which require one 3900-10A 
Reproduce Preamplifier, $41, one 3900-12A Direct 
Record/Reproduce Insert, $158 or 3900-12B, $173; and 
one 3907-044 Direct Equalization Plug-in (see prices 
below) for the eighth channel, $600; 3914-04A Tape 
Loop Adapters for repetitive playback up to 100 feet of 
3’2” and 1” tape respectively, $750. 

Accessories 

High performance instrumentation tape: (for 3917B and 
3924B only) 37T-17, y2” 1 mil 3600’ on phenolic 

all models 

hub reels; 1 to 9, $50.60 ea., 10 to 49, $49.35 ea., 50 
or over, $48.15 ea.; 37T-16, 1” 1 mil 3600’ on phenolic 
hub reels, $91.30 ea. 

Empty reels: 37T-14, lOl / , ”  diam., phenolic hub for y2” 
tape, $6 ea.; 37T-15, lo$$’’ diam., phenolic hub for 
1” tape, $7.50 ea. 

Optional accessories: 37T-7 splicing tape, 1/2“ Mylar, 100 
+ feet, $1.55; 48A-13 bulk eraser, Cinema Type 9205A, 
$102; 48A-14, head demagnetizer, Robins Type HD-6,  
$12.50; 48A-15, $5” tape splicer, Robins Type TS-500, 
$77; 01060-69010 Cabinet Dust Cover, gabardine, $45. 

Prices: Note 1 : 3907B (less 7-channels of record/reproduce 
amplifier inserts and associated equalization plug-ins), 
$6185; 3917B (less 7-channels of record/reproduce am- 
plifier inserts and associated equalization plug-ins), 
$6935; 3914B (less amplifier inserts and plug-ins), 
$8415; 3924B (less amplifier inserts and plug-ins), 
$9915. 

Option 01: same as above, less cabinet but including all hard- 
ware for 19” rack mounting: 3907B Option 01, $5680; 
39143 Option 01, $7910; 3917B Option 01, $6430; 
3924B Option 01, $9410. 

Option 02: same as above but mounted in portable cabinets: 
3907B Option 02, $6185, 3914A Option 02, $8415; 
391714 Option 02, $6735; 39244  Option 02, $9915. 

Electronics narrowband bandwidth recorders: Model 3900- 
12B (Direct record/reproduce insert less plug-in),  $1 73 
ea; plug-ins: 2000-1200-2 for 1% ips, $45; 3900-21A 
for  3% ips, $45; 3900-23B for  71/2 ips, $45; 3900-23A 
for 1 5  ips, $45; 3900-244 for 30 ips, $45; 3900-2514 
for 60 ips, $40; 3900-13B ( F M  record/reproduce insert 
less plug-in),  $198 ea; plug-ins: 2000-1300-C2 for 1 v8 
ips, $61; 2000-1300-C3 for 374 ips, $45; 2000-1300-c4 
for 7y2 ips, $45; 2000-1300-C5 for 15 ips, $40; 2000- 
1300-C6 for 30 ips, $41; 2000-1300-c7 for 60 ips, $45; 
3900-144 (Pulse record/reproduce insert, no plug-ins 
required), $12 5 ea. 

Electronics medium bandwidth recorders: 3900-12B (Direct 
record/reproduce insert less plug-in), $1 73 ea; plug-ins: 
3900-22A for 1% ips, $45; 3900-23A for 3% ips, $45; 
3900-244 for 7y2 ips, $45; 3900-25A for 1 5  ips, $40; 
3900-26A for 30 ips, $40; 3900-26B for 60 ips, $40; 
3900-1 3B ( F M  record/reproduce insert less plug-in),  
$198 ea; plug-ins: 2000-1300-C3 for 1% ips, $45; 2000- 
1300-C4 for 3% ips, $45;2000-1300-C5 for 73’2 ips, $40; 
2000-1300-C6 for 1 5  ips, $41; 2000-1300-c7 for 30 ips, 
$45; 2000-1300-Cll for 60 ips, $63. 3900-144 (Pulse 
record/reproduce insert, no plug-ins required), $125. 

Note 1: add price of inserts and plug-ins times the number 
of channels and speeds you require to the basic assembly 
price above for complete system cost. 
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Model Bandwidth (max) 

MAGNETIC TAPE RECORDERS 
Versatile, reliable 300 kHz and 1.5 MHz systems 

3955, 3950 Series 

Tape Reel 
width Tracks size 

Hewlett-Packard 3950 and 3955 Series Magnetic Tape 
Recorders are versatile and reliable means for recording 
and/or reproducing large amounts of data. With up to seven 
or fourteen channels, six electrically switchable operating 
speeds, and capacity for tape reels of up to 1 5  inches in di- 
ameter, the systems provide a wide choice of operating 
modes, 

Each system includes a high-performance tape transport, 
and record and reproduce amplifiers for the number of 
channels desired (up to seven or fourteen depending on the 
tape width used and the number of amplifier mainframes 
supplied). Simple and straightforward design of both the 
tape transport and the amplifiers assures reliable operation 
with a minimum of routine adjustment and maintenance. 
Accessory equipment can be used with these systems to fur- 
ther increase their versatility and provide for individual 
data recording needs. 

Maximum bandwidth for the 3955 Series is 300 kHz 
Direct and 20 kHz FM at 60 ips. Plug-in Direct and F M  
amplifiers are interchangeable. In addition, two basic trans- 
ports are available for this series. The smaller transport, 
which can handle tape reels up to inches in diameter, 
is for applications requiring average recording times or min- 
imum panel space. The  larger transport accepts reels up to 
1 5  inches in diameter to provide over twice the recording 
time of the small unit, over 19 hours at the slowest speed. 
It also accommodates a wider choice of accessories. 

A direct bandwidth of 1.5 MHz at 120 ips is provided 
by the 3950 Series. Both record and reproduce amplifiers 
are plug-in and are interchangeable with intermediate band- 
width F M  electronics with 20 kHz response at 60 ips. Wide- 
band FM, providing dc to 400 kHz bandwidth at 120 ips, 
is also available, Because of the higher tape speeds used in 
wide-band recording, only a large reel (up  to 1 5  inches 
diameter) transport is offered as standard with 3950 Series 
Systems. I t  provides over 17 minutes recording time at 120 
ips. 

Simple reliable tape transports 
The outstanding electrical and mechanical performance 

of the tape transports is inherent in their simple, straight- 
forward design. The  rugged cast aluminum transport frame 
is precision finished on automated machine tools to insure 
proper alignment of all parts of the tape drive system. Close 

System capabilities 

(a) Accepts dc t o  20 kHz FM amp l i f i e rs  interchangeably w i t h  1.5 M H z  d i rec t  
mode ampl i f iers.  Also avai lable w i t h  dc t o  400 kHz FM amp l i f i e rs  added t o  
system equipped w i t h  1.5 M H z  d i rec t  mode ampl i f iers.  

3950B 

3955D 
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tolerances in the computer-controlled machining process 
assures parts interchangeability without need for complex 
alignment adjustments in the transport mechanism. 

Exceptionally good motional stability is achieved by the 
damped open-loop tape drive system (Figure 1 )  which 
requires little maintenance. Unique hermetically sealed fluid 
damping and sophisticated mechanical considerations in the 
drive system contribute to the flutter and wow performance 
which are comparable to that normally associated with more 
complex drive systems. The  design of the tape path in the 
smaller transport, which has constant torque holdback on 
the supply reel, assures accurate tape speed as well as mo- 
tional stability. As the supply reel empties, friction in the 

Figure 1. Tape is threaded quickly into simple open-loop tape drive. 

tape path decreases, compensating for the increased hold- 
back force from the supply reel. The  larger transport, which 
has constant tension holdback has even better speed accuracy. 

All operating controls for the system are located on the 
transport chassis. Pushbuttons are utilized throughout to ob- 
tain the desired mode of operation. Rear connectors are 
provided for remote control operation, accessories, and in- 
terconnecting cabling to other parts of the tape recording 
system. 

A transparent door completely covers the reels and tape 
drive path to protect these parts from dust and damage. The 
control buttons are left uncovered for ready access when 
changing operating modes. The transports are slide mounted. 
When withdrawn, they can be tilted in either direction for 
complete accessibility of all parts for maintenance purposes. 

The  rear of the tape transports are uncluttered, with all 
parts easily accessible. Both transport mechanisms are virtu- 
ally adjustment free. The very simplicity of these transports 
insures both high reliability and minimum downtime when 
maintenance is required, Removable cover panels protect the 
user from all rotating parts and high voltages. The 7-  and 
14-track record/reproduce head assemblies conform to gen- 
erally accepted industry standards for magnetic heads and 
tape format as specified in IRIG (Inter-Range Instrumenta- 
tion Group) Document 106-66 (Section 5.6). In addition, 
for best alignment, the head stacks are mounted on a single 
precision baseplate, Because they are prealigned, head assem- 

/ 

MAGNETIC TAPE RECORDERS CONTINUED 

Versatile, reliable 300 kHz and 1.5 MHz systems 
3955, 3950 Series 

blies are easily field replaceable. Precision machining of all 
mating parts alleviates the need for adjustments when the 
head assemblies are mounted on the transports except for a 
minor azimuth adjustment of the reproduce heads on the 
3950 Series. 

Tape transports are equipped to operate with either 1/2- 
or 1-inch tape. However, a transport originally equipped 
with either tape width can be readily converted to the other 
at any later time. Only the head assembly, three tape guides, 
the pinch roller, and two reel holddown spindles need to  be 
changed. Kits are available for conversion in the field. Thus, 
a system originally equipped with a 7-track head assembly 
and 7 channels of electronics can be expanded to 14 chan- 
nels merely by installing the appropriate conversion kit and 
adding an additional 7 channels of electronics. 

Each transport includes a tape footage counter with an 
accuracy o f t 0 . 0 5 %  at all speeds including fast rewind. In 
addition, the larger transports include a digital elapsed time 
meter which operates whenever the tape travels across the 
heads. The  meter has a maximum indication of 9999.9 hours. 

The  record and reproduce amplifiers are completely solid- 
state. They are small, convenient, modular units designed 
for mounting in simple mainframes as shown in Figures 2 
and 3. Each 7-channel mainframe is 7 inches high and pro- 
vides power supply voltages, signal connections, and meter- 
ing for the amplifiers. All signal input and oukput connectors 
are BNC female. 

The reproduce amplifier used in these systems is especially 
well suited to magnetic head characteristics. The Hewlett- 
Packard preamplifier, which evolved from other areas of 
magnetic development in Hewlett-Packard laboratories, gives 
outstanding signal-to-noise performance. 

Metal cover doors for amplifier mainframes (shown open 
in Figures 2 and 3)  open downward to provide access to 
adjustments and to permit easy removal of the record and 
reproduce amplifiers. In the open position, the cover doors 
may be depressed to unlock the modular amplifiers from the 
mainframe for easy removal. 

Amplifiers 

Figure 2. Record Mainframe holds up to seven Record Amplifiers. 
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Figure 3. Reproduce Mainframe holds u p  to  seven Reproduce 
Ampl i f iers.  D u m m y  ampl i f ier  is  shown on right. 

Signal monitoring 

Direct Recordiizg. The record mainframe includes a bias 
oscillator and seven average responding meters calibrated in 
dB for monitoring the channel recording levels. In the 
record mode the high frequency recording bias current on 
each head within the head stack can be sensed on the moni- 
toring meters by depressing the switch on the face of the 
associated record amplifier. A record level control to accom- 
modate various input signal levels is on the front of each 
amplifier. (Figure 4 ) .  Screwdriver adjustments are accessible 
from the front panel of each amplifier for setting bias level 
and for calibrating the meter. 

FM Rerordifzg. The record mainframe meters can also be 
used to monitor ac signal levels for F M  recording, reading 
on the dB scales. Or, using the zero-centered scale, the meter 
indicates relative carrier frequency deviation in response to 
a dc input signal. A switch on the front panel of each FM 
record amplifier selects either the ac or dc meter function. 

The  reproduce mainframe provides for monitoring the 

Figure 5. Tape-speed networks. They can be inserted in to  or removed 
f r o m  an ampl i f ier  f r o m  the front.  

Attached to each card is a push-bar with the tape speed 
indicated numerically and, in addition, a colored stripe to 
match the color of the speed pushbutton on the tape trans- 
port. The amplifiers simultaneously accommodate networks 
for three different tape speeds. The desired one is selected by 
pushing on the push-bar. A mechanical "teeter-totter" auto- 
matically removes the previously operating unit from the 
circuit. The  plug-in design of the networks allows rapid sub- 
stitution of units for any speed, or of an entirely new set. 
These are replaceable from the front panel of the amplifier 
without removing the amplifier from the mainframe, 

Test signals & channel adjustments 

The record mainframe has 7 pushbuttons for introducing 
test signals to the desired track. T o  apply a test signal to a 
track, simply connect it to the record mainframe front panel 
test jack and depress the appropriate pushbutton. This dis- 
connects the rear input data signal and inserts the test signal 
into the desired record amplifier. 

In the record mode the recorded test signal is reproduced 
with a delay equal to 3.5 inches of tape length and is avail- 
able at the output of the appropriate reproduce amplifier. 
It can be monitored by depressing the channel pushbutton 
on the reproduce mainframe to connect the reproduce moni- 
tor meter and front panel test jack to the desired reproduce 
amplifier. Using this technique, it is easy to quickly check 
all channels for proper operation from the front panel. 

Figure 4. Record and Reproduce Amplif iers. FM Record, FM Repro. 
duce, and Direct  Reproduce Ampl i f iers are shown wi th  three tape- 
speed-related networks instal led i n  each. Direct Record Ampl i f ier  tape 

speed compensat ion is correct  for  a l l  speeds. 

output without disturbing input monitors. It has a single 
average-responding meter and 7 pushbuttons, one for each 
track. ( In  most cases tape recording outputs are scanned 
one channel at a time.) The  meter has both a dB scale and 
a zero-center scale identical to those in the meters on the 
record mainframe. Pushbuttons above the meter in the repro- 
duce mainframe select the ac or or dc meter function. An 
output gain control is provided on the front of each Direct 
and FM reproduce amplifier. These controls are accessible 
with the mainframe door closed. 

T h e  F M  record, direct reproduce, and FM reproduce 
amplifiers all require different networks for each tape speed. 
Each circuit is mounted on a convenient plug-in card as 
shown in Figure 5 .  

Accessories 

A variety of accessory equipment can be used with these 
systems to further increase their versatility and provide for 
individual data recording needs. The Model 3680A AC 
Power Supply provides accurate tape speeds even when op- 
erating from variable-frequency power sources such as motor 
generators. The  3680A supplies crystal controlled 60-Hz 
power to the capstan motor to eliminate the minor variations 
in speed which might result from variations in the normal 
60-Hz power source. To provide additional accuracy for 
both recording and reproducing, the iModel 3681A Tape- 
speed Servo Unit may be used with the 3680A. The 3681A 
provides a choice of standard IRIG speed-control signals for 
recording on the tape at the time that data is recorded. When 
the tape is replayed, the reference speed-control signal from 
the tape is supplied to the 3681A. It controls the tape speed 
so that data signals are reproduced at exactly the frequencies 
at which they were recorded. 
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60 

30 

T h e  Model 11553A Tape Pack Sensor, available for 15- 
inch reel transports only, senses the remaining tape pack 
on both supply and take up reels. This accessory permits a 
system to be stopped before the tape is unthreaded from the 
reels, or to be recycled. Alternately, a second recording sys- 
tem may be turned on before the first runs out of tape. Thus, 
continuous and/or remote monitoring can be done auto- 
matically. 

The 3604A Voice Channel includes a microphone and 
loudspeaker. It is designed for  recording and reproducing 
voice signals in the low-frequency portion (below 10 kHz) 
of the spectrum on any data track of the 3950 or 3955 Series 
equipped with Direct Record amplifiers. T h e  3604A is 
equipped with rear-panel input and output connectors and 
includes filters to permit recording carrier frequency type 
data signals in the upper frequency portion (above 20 kHz) 
of the same channel. An optional version, 3604-A Option 
01, is available for  edge track recording with the 3955 
Series, which include an edge track in the heads. T h e  full 
bandwidth of all data tracks is then available for data sig- 
nals. T h e  3950 Series bandwidth is so great that voice re- 
cording uses only a negligible portion, so edge tracks are 
not used in this series. 

T h e  Model 11 5 39A Reproduce Track Selector permits 
economies in the system by using fewer reproduce than rec- 
ord amplifiers. From 1 to 7 channels of reproduce electronics 
may be used to  reproduce data from up to 1 4  record chan- 
nels. The  track selector includes seven switches with 1 4  
positions each for routing the signal from any one of 1 4  
reproduce head tracks to a given reproduce amplifier. Other 
accessory items, such as monitor oscilloscopes, bulk tape 
degaussers, storage drawers, and fan assemblies, are also 
available. 

Specifications 3955 Series 

Intermediate Band Direct RecordJReproduce System (Com- 
bined record and reproduce performance with Model 3534A 
Direct Record Amplifier and 3537A Direct Reproduce Ampli- 
fier and tape-speed networks.) 

Freauencv resDonse: 

300 Hz-300 kHz >40 dB >35 dB 

150 Hz-150 kHz >40 dB >35 dB 

Tape 
Signal-to-noise ratio (rms/rms) 1 filtered* 1 unfiltered I 3-dB Bandwidth 

1 15 I 100 Hz- 75 kHz I > 4 0 d B  I >35 dB I 
I 7% I 100 Hz- 38 kHz I > 4 0 d B  I > 3 5 d B  I 
I 3% I 100 Hz- 19 kHz I >40dB I > 3 5 d B  I 
I 1 %  I 100 Hz-9.5 kHz I > 4 0 d B  I >35dB I 
*Wi th  bandpass f i l t e r  a t  output  w i th  18 dB/octave ro l lo f f ,  3 dB down a t  band 

edge, us ing good qua l i t y  inst rumentat ion tape; system noise i s  l im i ted  by tape 
signal-to-noise rat io.  

Equalization and phase response: each reproduce amplifier 
simultaneously holds equalizers for any three speeds; equal- 
izers include all-pass network for phase compensation, ad- 
justable for best square wave response. 

Input level: 1 V rms (2.8 V p-p)  nominal for 1% third- 
harmonic distortion recorded on tape. Adjustable from 0.15 
V rms (0.4 V p-p) to 10 V rms (28 V p-p) .  

Input impedance: 20,OON minimum shunted by 150 pF, un- 
balanced to ground. 

Output level: up to 1 V rms (2.8 V p-p)  into 1 k9 or greater, 
0.5 V rms into 509; adjustable to zero. 

Output impedance: 509 f 2 0 % ,  single ended. 

Harmonic distortion: when recording at the normal level (1% 
third harmonic distortion on tape-1 kHz reference) or less, 
all other harmonic distortion is I.% or less. 

Connectors (input and output): BNC female. 

Intermediate Band FM Record/Reproduce System 
(Combined record and reproduce performance with Model 

3535A FM Record Amplifier and 3538A FM Reproduce Am- 
plifier and speed-related networks. These are interchangeable 
with the above intermediate band direct record/reproduce am- 
plifiers.) 

Bandwidth: 

*Frequency response t0.5, -1 dB w i th  6009 load and ou tpu t  f i l t e r  ad justed for 
f i a t  ampl i tude response. May also be se t  f o r  best  squarewave response. 

**Use of  HP 3538A Option 01 FM Reproduce Amp l i f i e r  F lu t ter  Compensat ion 
fu r the r  improves S/N. Front.panel swi tch se lects  use f o r  f l u t t e r  comoensa- 
t i on  or  as a standard ampl i f ier .  

Input level: f 0 . 7  V peak (0.5 V rms) to 2 1 5  V peak (10 V 
rms), adjustable. 

FM deviation: t40% from center carrier frequency for full 
scale input signal (IRIG standard); greater than k 6 0 %  
deviation permissible without significant signal degradation. 

Input impedance: at least 20,0009 shunted by 150 pF, un- 
balanced to ground. 

Output level: 2.8 V p-p (1  V rms) into 60N,  5.G V p-p (2 V 
rms) open circuit; adjustable down to 0.3 V p-p. Adjust- 
ment provided for setting output to 0 V dc when input is 
center frequency. 

Output impedance: 6009, unbalanced to ground. 

Linearity: less than 

Total harmonic distortion: 1.5% maximum. 

Drift: with temperature: 5 2 0 . 4 %  of p-p output for any 
10°F change between 32 and 131°F; with line voltage: 
5 f 0 . 2 5 %  for 10 V change; with time: 5 -+0.5% of p-p 
output in 8 hr. after 20-min. warmup. 

of p-p output from a zero based 
straight line. 

Signal connectors (input and output): BNC female. 
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Tape 
speed 
(ips) Bandwidth* 

FM center Signal-to-noise 
carrier ratio (rms/rms) at 

frequency center frequency** 
Speed S/N ratio 
(ips) Bandwidth* (rms/rms)** 

120 0.4 kHz-1.5 MHz >30 dB 

I 7% I 0.4 ~Hz-94  kHz I >27 dB I < 6 . 4 p ~  I 

Maximum 
rise time*** 

<0.4 p~ 

I 3% I 0.4 ~Hz-47  kHz 1 >26 dB I < 1 2 . 8 p ~  I 

60 

30 

15 

Typical noise levels for various noise bandwidths: 

0.4 kHz-750 kHz >29 dB <0.8 H S  

0.4 kHz-375 kHz >29 dB <1.6 I . ~ S  

0.4 kHz-187.5 kHz >28 dB <3.2 us 

50 

55 

60 

65 

70 

3 
- 

- 

- 

4 5  

5 0  

5 5  

6 0  

65 

10 

- 

- 

1 %  0-200 HZ 0.8% 
0-312 HZ 1.2% 
0-625 HZ 1.5% 

40 I j5 
4 5  1 40 

50 1 4 5  

5 5  1 SO 

NOISE B A N D W i T H S  
( k H z 1  

* * - 
-0 
I - 
2 w > 
W 2 

*23 dB, 10 kHz t o  upper band edge; 24 dB, 0.4 kHz t o  upper band edge. 
**Record level a t  1% 3 r d  harmonic d i s to r t i on  on tape f o r  a reference signal 

f requency of 0.1 t imes  upper band edge; S/N measured us ing  -18 dB/ 
octave f i l t e r  2 dB down a t  band edge. 

***Fundamental  of square wave a t  0.1 t i m e s  upper band edge. 

Equalization and phase response: each reproduce amplifier 
simultaneously holds equalizers for any three speeds; equal- 
izers include all-pass network for phase compensation, ad- 
justable for best square wave response. 

Input level: 0.25 to 30 V rms. 

Input impedance: 10000, 70 pF, unbalanced to ground 

Output level: up to 1 V rms into 750. 

Output impedance: 750, unbalanced to ground. 

Harmonic distortion: when recording at the normal level (1% 
third harmonic distortion on tape) or less at any frequency, 
electronically caused distortion is less than 0.5 s. 

Front-panel operating controls: 
Record: Record Level Meter Adjust, Record Level Control; 

Bias Level Control, Bias Indicator Switch, and Bias and 
Input Test Points. 

Reproduce: Output Gain Control, Equalizer Amplitude Ad- 
just, and Pre-amp Output Test Points. 

Signal connectors (input and output): BNC female. 

108 kHz 

*Frequency response +0.5, -1 dB w i t h  600Q load and output f i l t e r  adjusted 
f o r  f l a t  ampl i tude response. May also be set f o r  bes t  squarewave response. 

* *Use o f  HP 3538A Option 01 FM Reproduce Amp l i f i e r  Flut ter  Compensation 
fu r the r  improves S/N. Front-panel sw i t ch  selects use f o r  f l u t t e r  compensa- 
t i o n  or as a standard ampl i f ier .  

(a) Increased range under development.  I n  3950 Series System the  tape can be 
operated a t  '/2 the  speeds l i s ted  w i t h  only s l igh t  degradat ion i n  signal.to- 
noise rat io.  
For additional specifications, see 3955 Series. 

Wideband FM Record/Reproduce System 
A bandwidth of dc to 400 kHz at 120 ips with a signal-to- 

noise ratio (rms /rms) of better than 30 dB is available with 
optional electronics. These are added to systems equipped with 
wideband direct record/reproduce amplifiers. 

3955  and 3 9 5 0  Series Tape Transports 

* I f  expressed as r m s  f lu t te r ,  t he  values would be 1/6 t o  1 / 4  of those i is tea. 
lRlG 106.66 speci f ies t h a t  f l u t t e r  b e  w i t h i n  stated peak-to-peak l i m i t s  95% 
of the  t ime. On t h i s  basis, values of f l u t t e r  are substant ia l ly  lower,  

Time jitter: the random jitter in the reproduced signal between 
any two events is typically within the following peak-to-peak 
3 sigma limits (i.e., 99.7% of the time) : 
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OD (in.) 
10% 
14 
15 

Total interchannel time displacement error (static and dy- 
namic): kl  Psec at 60 ips, k 0 . 5  psec at 120 ips between two 
adjacent tracks on same head stack. 

Drive system: open loop, damped. 

Drive speed accuracy: 
With standard commercial power (60 Hz f0.03y0):  

20.25% of nominal capstan speed with 1.0-mil tape. 
Speed proportional to line frequency. 

With 47 to 63 Hz line frequency: k0.25% of nominal cap- 
stan speed with 1.0-mil tape when capstan is powered by 
optional H P  3680A AC Power Supply; k0.02% of nominal 
capstan speed using optional H P  3681A Tapespeed Servo 
and 3680A AC Power Supply; speed control signals meet 
IRIG 106-66, Section 6.3.6.2. (50 Hz and/or 220 V opera- 
tion also available.) 

Operating controls: Stop, Play, Reverse, Forward, Record, 
Speed (6 ) ,  and Power. 

Start time: within speed limits in approximately 6 sec.; flutter 
within specifications in approximately 10 sec. at 60 ips. 

Stop time: approximately 1 second from 60 ips; braking by 
feedback-type mechanical brakes which provide power-fail- 
safe operation in all modes. 

Rewind time: approximately 4 minutes for 9,200 ft., 4% 
minutes for 10,800 ft. 

Remote control: connectors on rear permit remote control of 
all transport operations except speed selection. 

Tape footage counter: 5 digits, *0.05% accuracy. 

Tape interruption sensing: tape breakage or end-of-tape runout 
is sensed by the take-up-reel tensioning arm to stop the trans- 
port. Optional 11553A Tape Pack Sensor stops or reverses 
transport prior to end of tape. 

Coating1 Coating2 Coating 
4,600 3,600 2,500 
9,2003 7,2003 5,000 

10,800 9,200 6,800 

TaDe length: r- Tape length (ft) I 

Reel 
size 

HP (max. 
Model in.) 

3950A 15 
3950B 15 

3955A 15. 
3955B 15 
3955c 10% 
3955D 10% 

- I I 1-mil backing I I 1.6-mll backing 
Reel I 0.2-mil I 0.4-mil I 0.4-mil 

Price 
Direct FM 

Tracks systems systems2, 

14 $19,700 $21,030 
7 $13,350 $14,015 

14 $14,500 $17,930 
7 $10,050 $11,765 

14 $14,000 $17,430 
7 $ 9,550 $11,265 

1.5 MHz (max.) DC to 20 kHz (max.) 

300 kHz (max.) DC to 20 kHz (rnax.) 

'Typical f o r  3950 Series. 
?Typical f o r  3955 Series. 
314 in.  tape and empty reel  furn ished w i th  systems accommodat ing large reels. 

Elapsed time meter 3950, 3955A/B only): digital clock type, 
five digits to 9999.9 hours; operates when tape moves across 
heads. 

Heads 
Magnetic head assembly: the head assembles meet IRIG docu- 

ment 106-66, Part 6, including mechanical geometry, num- 
bering, azimuth, and polarity specifications. 

Data tracks: 7 tracks on 1/z in. and 14 tracks on 1 in. wide 
magnetic tape. 

Edge track (3955 Series only): one edge track provided in ad- 
dition to data tracks on each head assembly; BNC input 
and output connectors provided for direct connection of head 
windings to optional H P  3604A Voice Channel Amplifier. 
(See 3604A under accessories for use with 3950 Series.) 

General 

Power requirements: 115 V &lo%,  60 Hz nominal (refer to 
transport drive speed accuracy), approximately 600 W (14- 
channel system) 450 W (7-channel system) ; add 360 W for 
3680A AC Power Supply; 230 V and/or 50 Hz operation 
optional. 

System size and weight: cabinet dimensions including extended 
base with casters, 82%" high, 23%'' wide, 35-11/16" deep 
(2093 x 607 x 907 mm),  providing 73%" (1867 mm) of 
vertical panel space; other cabinet sizes and base configura- 
tions available. Weight depends upon the number of chan- 
nels supplied. Typical 7-channel system in-cabinet weight 
approximately 575 Ibs (257 kg) ; shipping weight approxi- 
mately 800 Ibs (360 kg).  Typical 14-channel in-cabinet net 
weight approximately 675 Ibs (304 kg) ;  shipping weight 
approximately 900 Ibs (405 kg).  



Electronic Instrumentation 
and Components 

Solid-state Devices . . . . . . . .  
Step Recovery Diodes, Hot Carrier Diodes; High 
Conductance Diodes; P I N  Diodes: Microwave 
Switches; Variable Attenuators; Photoconductor 
Devices; Optoelectronic Devices 

Working Standards . . . . . . . .  
Standard Resistors; DC Standards; AC and D C  
Differential Voltmeters; DC Null  Meters; 
AC/DC Meter Calibrator; Thermal Converters 

DC Null  Meters; AC Voltmeters; Sampling Volt- 
meter; Multifunction Meters; D C  Autovoltmeter; 
DC Clip-on Milliammeter; Magnetometer Probe; 
Differential Voltmeters; Differential-Ratio 
Voltmeter; Digital Voltmeters; Potentiometric 
DVM;  AC-Ohms Converter 

Impedance . . . . . . . . . .  
Vector Voltmeters; Vector Impedance Meters; 
Network Analyzer; Universal Bridge; Rx Meter; 
Q Meters; SWR Meters; Ratio Meter; 
Slotted Sections 

Coaxial, Waveguide . . . . . . . .  
Filters; Detectors; Directional Couplers; Tuners; 
Phase Shifters; Bolometer Mounts; Directional 
Detectors; Terminations; Shorts; Loads; Reflections 

Ultrasonic Leak Detectors; Cable Fault Locators; 
Telephone Test Set; Telephone Test Oscillator; 
Distortion Analyzers; TV Waveform Oscilloscopes; 
CATV Cable Tester 

Voltage, Current, Resistance . . . . .  

Communications Test Equipment . . .  

Signal Sources . . . . . . . . .  
Function Generators; Square-Wave Generators; 
Pulse Generators; Digital Delay Generators; 
Oscillators, Audio-Signal Generators; Test 
Oscillators; Signal Generators; Microwave 
Synchronizer; Frequency Doublers; Spectrum 
Generator; AM/FM Signal Generator; Telemetry 
Test Set; Navigational Test Sets; Sweep Generators 

Mixers, Modulators, Attenuators . , , , 

Double-Balanced Mixer; Modulator Drivers; 
P I N  Modulators; Attenuators 

Power Meters, Mounts; Peak Power Meter; 
Calorimetric Power Meter 

Power . . . . . . . . . . . .  
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368 

375 

Noise Figure . . . . . . . . . .  384 

Analyzers . . . . . . . . . . .  386 

Amplifiers . . . . . . . . . .  400 

Noise Figure Meter, Noise Sources 

Wave Analyzers, Distortion Analyzers, Spectrum 
Analyzers, Frequency Comb Generator, Slot Filters 

Data Amplifier; Differential DC Amplifier; 
Operational Amplifiers; Power Amplifier; Fast 
Pulse Amplifiers; Wide  Band Amplifiers; 
Microwave Amplifiers 

Dual-Trace, Dual-Beam, Plug-In Oscilloscopes; 
Variable Persistence Oscilloscope; Sampling 
Oscilloscopes; Swept Frequency Indicator; Time 
Domain Reflectometer; Programmable Oscilloscope; 
Probes; Test Mobiles; Cameras; Accessories 

General-Purpose, High-Stability, Medium-Power, 
High-Voltage Bench Supplies; Dual-Power Rack 
Supplies; Low-Voltage, Medium-Voltage Rack 
Supplies; SCR Supplies; Modular Plug-in- 
Regulated Supplies; Klystron Supplies 

Frequency . . . . . . . . . . .  494 
Electronic Counters; Frequency Converters; 
Prescalers; D V M  Plug-in; Transfer Oscillator; 
Auto Frequency Divider; Pre-Set Counter; 
Reversible Counter; Time Interval Counter; 
Frequency Meters; Wavemeters 

Frequency, Time Standards . . . . .  5 3 1  
Frequency Synthesizers; Cesium Beam Standards; 
Standby Power Supplies; Quartz Oscillators; 
VLF Comparator 

Nuclear . . . . . . . . . . .  5 5 2  
Spectrum Scanner; Scaler-Timers; Scintillation 
Detectors; Amplifiers; High Voltage Power 
Supply; Lead Shield 

Temperature . . . . . . . . . .  5 5 9  
Quartz Thermometer, Probes 

Physical Measurements . . . . . .  5 6 2  
Signal Conditioners 

Leak, Friction Detectors . . . . . .  563 

Cabinets, Hardware . . . . . . . .  5 6 8  
Modular Cabinets: Hardware 

Oscilloscopes . . . . . . . . .  4 15 

DC Power Supplies . . . . . . . .  463 
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SOLID - STA TE DEVICES HPA COMPONENTS 

Successful production of quality com- 
ponents for tomorrow's electronic instru- 
ments and systems is greatly dependent 
on a delicate balancing of science, tech- 
nology and manufacturing. H P  Asso- 
ciates has achieved this important bal- 
ance, and as a result, has become a rec- 
ognized leader in solid-state technology 
and manufacture of highly specialized 
devices. H P  Associates is built around a 
competent and imaginative staff; they 
have at their disposal up-to-date manu- 
facturing and laboratory facilities. Their 
prime objective is the invention, engineer- 
ing and production of devices unexcelled 
in contribution to the state of the art, in 
reliability and in total performance. The 
organization has  been optimized to 
achieve objectives with minimum time 
delay and expenditure of manpower. H P  
Associates has already obtained the status 
of world leadership in the metal-on-semi- 
conductor technology and is following in 
other technologies, such as optoelectron- 
ics, photoconductor, and microwave com- 
ponents. 

The standard HPA devices described 
on the following pages are available in 
the packages shown below. Other package 
configurations are, of course, available on 
request. 

Step recovery diodes 
HPA introduced the Step Recovery 

Diode and continues to set the pace in 
this technology. The recently announced 
0300 S-band diode is the first of a new 
generation of HPA Step Recovery Diodes. 
An X-band diode, the 0320, will be avail- 
able shortly with a C-band diode, the 
0310, soon to follow. 

Hot carrier diodes 
Another HPA development, the hot 

carrier diode has, in a few short years, 
proven its performance and reliability in 
major US.  space programs and in critical 
instrument and industrial applications. 

New production techniques have re- 
duced the cost of these devices making 
them available for applications in T V  
tuners, commercial communication lim- 
iters, detectors and mixers, and for multi- 
plexing in signal processing. New fami- 
lies of general purpose Hot Carrier Diodes 
will be introduced in 1967. 

Microwave mixer diodes 
The constantly growing line of HPA 

microwave mixer and detector diodes de- 
scribed on page 164 is also available in 
matched pairs and matched quads. The 
2350 Series is designed for use to 2.5 
GHz, the 2520 Series for use to G GHz 

and the 2600 Series for use through 8 
GHz. A new X-band series will be intro- 
duced soon. 

Microwave switches/ 
variable attenuators 

Since introducing its first microwave 
reflective switch two years ago, HPA has 
developed a broad line to meet the re- 
quirement of today's varied applications 
for solid-state switch/attenuators. In ad- 
dition to their unique combined features 
of broad bandwidth, fast switching speed, 
high isolation, and high reliability, HPA 
microwave switches are available with 
Type N ,  TNC, OSM, and stripline con- 
nector styles. HPA also offers single-pole- 
single-throw and single-pole-double- 
throw configurations. Early in 1967, HPA 
will introduce a new series of coaxial 
switches using a modular construction 
approach making possible N pole-N 
throw switching. 

The state of the art 
The significant new products men- 

tioned here have already been developed 
and tested at  H P  Associates and will be 
introduced during the next few months. 
Many more are in development and will 
be announced throughout 1967. Look to 
HPA for continued leadership in solid- 
state technology. 

,107 
,085 
.- 

STYLE 38 

,012 - 
1" 
t 

STYLE 40 

STYLE 20 
STYLE 15 

STANDARD HPA PACKAGE STYLES 
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STEP RECOVERY DIODES 
Pulse generation, shaping and pulse delay 

Single stage, x 10, frequency multiplication 

TEST CONDITIONS 

T h e  HPA Step Recovery Diodes are epitaxial, surface- 
passivated silicon devices with abrupt junctions. Process con- 
trol of the very abrupt junction gradient permits controlled 
charge storage. Environmental tests are performed to insure 
that they will meet the latest revisions of MIL-STD-750, 
MIL-STD-202, and MIL-S-19500. 

These Step Recovery Diodes, while conducting in the for- 
ward direction, store charge. When the reverse drive voltage 
depletes the stored charge (Figure 1 ) , the diode appears as 
a high impedance. During this high impedance condition, a 
voltage impulse is generated (Figure 2 ) .  These pulses occur 
at a rate equal to the drive frequency, When this series of 
pulses is terminated in a resistive load, a comb spectrum is 
generated (Figure 3 ) .  By terminating the pulses in a res- 
onant load, the spectrum is optimized at the desired output 
frequency for harmonic generation (Figure 4 ) .  

This device allows highly efficient generation of power at 
frequencies up to 1 2  GHz. The  Step Recovery Diode thus 
allows an exceptionally stable signal source by having the 
driving source a crystal oscillator. 

The  Step Recovery Diode, as a pulse generating device, 
can provide pulses with less than 1 nanosecond rise and fall 
times and pulse amplitudes in excess of 10 volts into 50 
ohms, T h e  pulse repetition rate is equal to that of the driving 
signal. Pulse sampling, stretching, storage and shaping can 
also be accomplished using extremely simple circuitry. 

v R =  o v  
f =  l M H z  IR= 1 0 p A  I F  = 1.7 I R  Note 1 

HPA 
Device 

0300 

Figure 1. Step Recovery Diode 
Current 

Package Pout @ 2 G H Z  V F  @ I F  Max. co CVR BVR Min. 7 Min. 
Style W V I mA pF Min. I pF Max. pF Min. [ pF Max. V nS 

40 2.0 1.1 I 1000 3.0 I 11.0 2.5 I 6.5 65 100 

Figure 2. Step Recovery Diode 
Voltage 

TEST CONDITIONS 

Figure 3. Comb Generation 

P i n = 1 5 W  @ 200MHz f = 1 MHz, VR = 0 V f = 1 MHz, VR = 10 V IR = 10 p A  If = 1.7 IR 

Figure 4. Harmonic Generation 
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2350 

2365 

2520 

HOT CARRIER DIODES 
For high speed switching and 
microwave mixing applications 

15 7.0 150-250 1.5 

15 6.5 150-250 1.3 

15 7.0 100-250 1.5 

Microwave mixing diodes 

2550 

2565 

2602 

Advantages: 
Low and stable noise figure 
High tangential sensitivity 
Uniform and repeatable RF characteristics 
High pulse burnout resistance 
Large dynamic range at high LO powers 

Microwave mixer diodes employing metal semiconductor 
(Schottky) barriers offer improvements in noise figure, re- 
liability, and dynamic range when compared to conventional 
point contact diodes. Conversion loss and noise figure are 1 to 
2 dB lower than corresponding parameters of the best available 

15 6.5 100-250 1.5 

15 6.0 100-250 1.5 

15 7.0 125-250 1.5 

5 OL 1 I 1 
2 .0  4 0  6.0 8.0 10.0 

F R E P U E N C Y  IGHZI  
Figure 1. Typical noise f igure vs. frequency (2600 series). 

P , , = l  m W  f,,=30 MHz NF1,=1.5dB 

Test Cond. 

point contact microwave devices and l / f  noise is better than 
2 5  dB lower. Ruggedness, both physical and electrical, is su- 
perior, as is the basic device reliability. Consistent mixer per- 
formance can be readily attained with HPA Microwave Mixer 
Diodes because of (1) the relative ease with which they can 
be matched to 5 0  ohms and ( 2 )  the uniformity of the product 
resulting from advanced production techniques. 

v R =  o v  
f = 1 MHz 

(1) IF= 1 mA IR = 10 FA (3) 

SSB Typical 
Package Noise Figure IF Impedance R F  Impedance 

NF I ZTa(ohmo) I (VSWR) 1 1 D",!;"oe 1 Stvle I 
I 

_ _  , 1 -  I (dB Max.) I 

I 2603 I 15 I 7.5 I 125-250 I 1.5 I 
N F  test: 2300; R F =  2 GHz, I F =  30 MHz, P,, = 1 mW, NF,,= 1.5 dB 
N F  test: 2500; R F = 3  GHz, I F = 3 0  MHz, P, ,= l  mW, NF,,=1.5 dB 
N F  test: 2600; R F = 8  GHz, I F = 3 0  MHz, P , , = l  mW, NF,,=1.5 dB 

Switching diodes 
Advantages: 

Majority carrier conduction 
Low leakage 
High conductance 
Low forward threshold voltage 
High pulse power capability 

These diodes utilize a closely controlled metal semiconductor 
junction which provides virtual elimination of charge storage. 
The result is extremely fast turn-on and turn-off times with 
excellent diode forward and reverse characteristics. This pro- 
cess results in lower noise characteristics and wider dynamic 
range (conversion loss and noise figure are relatively insensi- 
tive to local oscillator power variations over the range of 0.5 

m W  to 20 m W ) .  They are especially useful for mixer and 
detector applications to improve receiver sensitivity. Improved 
resolution in ultra-high speed sampling and switching networks 
is possible by combining the pico-second lifetimes, low capaci- 
tance and excellent forward to reverse characteristics of the 
device. 

Figure 2 .  Comparison of recovery 
t ime  of t he  Hot  Carrier Diode (low. 
er trace) wi th  a conventional high 
speed 1 nsec swi tch ing diode (up- 
per  trace). Sweep speed, 10 nsec/ 
cm; vert ical sensit ivi ty, 20 mA/cm; 
appl ied signal, 30 MHz sine wave. 
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Reverse Reverse Rectification 
Forward Forward Breakdown Reverse Current Recovery Turn-on Lifetime Lifetime Efficiency 

H P A  Package Current Current Voltage Current I R ~  Max. Capacitance Time Time i- i- R.E. 
Device Style 1 ~ 1  Min. 1p2 Min. BVR Min. IR1 Max. (150OC) C, Max. trr Max. ton Max. Max. Typ. Typ. 

1001 11 150 mA 500 mA 35 V 200 nA 200 p A  1.5 pF 1.5 ns 2.5 ns 500 ps 350 ps 65% 

1002 11 300 mA 800 mA 35 V 200 nA 200 p A  3.0 pF 2.0 ns 2.5 ns 500 ps 350 ps 65% 

HIGH CONDUCTANCE DIODES 

1006 

Test 
Conditions 

11 150 mA 500 mA 5 0 V  200 nA 2 0 0 p A  1.1 pF 1.5 ns 350 ps 65% 

VF = 1.OV VF = 1.4V IR = 10pA (Note 2) (Note 2) VR = 0 V 
(Note 1) (Note 1) f = 1.0 MHz 

I 1004 I 11 I 200 mA I 600 mA I 25 V I 200 nA I 200 p A  I 4.0 pF I 2.0 ns I 2.0 ns I 500 ps I 350 ps I 65% I 

Note 1: Measured at a repetition rate not to exceed the power dissipation. 
Note 2: V, = 35 V for 1006; V, = 30 V for 1001, 1002; V, = 20 V for 1003, 1004. 

PIN DIODES 
Advantages: 

New method of modulating/switching microwave signals. 
Surface passivated for improved stability and reliability. 

These devices make possible a new method of modulating 
microwave signals. When placed across a transmission line, the 
device acts as an absorption-type attenuator and allows sine- 
wave, square-wave and pulse modulation with no frequency 
pulling of the signal source. Turn-on times of less than 20 nsec 
for an on-off ratio of greater than 30 dB are possible. Planar 
passivation insures long-term stability and reliability. The HPA 
PIN diodes are esbeciallv useful where the lowest Dossible 
residual series resistance and junction capacitances are required 
for high on-to-off switching ratios. This osci l lograph shows a 100 mV RF carrier modulated by PIN diodes. 

It is shown tu rn ing  on in less than  20 nsec. Sweep speed is 5 nsec/cm. 

Vote 1 :  Forward voltage specification is at 100 mA for the HPA 3001, 3101, and 3201; 150 mA for the HPA 3002, 3102, and 3202. 
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H P A  
device 

3501 

3503 

3504 

3505 

3530 

3540 

3550 

3551 

3570 

3571 

3580 

Advantages: 
D C  to over 1 5  GHz bandwidth 
High isolation, low insertion loss 
N, TNC,  OSM and stripline connector styles 
SPST and SPDT configurations 

Bias 

OFF 

Bias R F  polarity Switching insertion Price 
terminal terminal for swlfch Frequency range time loss isolation 1.9 

BNC TNC Pos. 200 MHz to over 12.4 G H z  100- .5 to 25 to 45 dB $275 

BNC N Pos. 200 M H z  to over 12.4 GHz 100- .5 to 25 to 45 dB 275 

300 ns 1.5 dB 

300 ns 1.5 dB 

BNC TNC Neg. 200 M H z  to over 12.4 G H z  100- .5 to 25 to 45 dB 275 

BNC N Neg. 200 M H z  to over 12.4 G H z  100- .5 to 25 to 45 dB 215 

Stripline integrated Neg. 50 ns 
unit, wire leads for DC to over 12.4 G H z  1'5 dB 25 to 45 dB 175 
RF terminals. Pos. 10 ns .5 to 2dB 

OSM OSM Pos. 200 M H z  to over 12.4 G H z  100- .5 to 25 to 45 dB 325 

300 ns 1.5 dB 

300 ns 1.5 dB 
.5 to 

300 ns 1.5 dB 

OSM OSM Neg. 200 MHz to over 12.4 GHz 100- .5 to 25 to 45 dB 325 

BNC TNC Pos. 1 GHz to 12.4 G H z  10 ns 1.5 to 30 to 35 dB 275 

300 ns 1.5 dB 

2.0 dB 

BNC N Pos. 1 G H z  to 12.4 GHz 10 ns 1.5 to 30 to 35 dB 275 
2.0 dB 

BNC N Neg. 4 G H z  to 8 G H z  (SPDT) 15 ns 1.6 to 70 to 90 dB 495 
2.5 dB 

Now you can avoid costly design trade-offs such as power 
for performance by designing in devices from the growing 
line of H P A  microwave switches/variable attenuators. A 
new HPA microwave switch design concept sharply reduces 
parasitic reactances, improves thermal resistance, extends 
bandwidth from 200 MHz to over 15 GHz, improves 
isolation/insertion loss ratios to 45 : 1, and increases power 
handling capability. You get this high performance in both 
single-pole, single-throw and single-pole, double-throw units. 
They were designed as standard devices to provide widely 
useful performance, rather than as specials with limited 
operational ranges. 

These switches are ideally suited for applications such as 
Pulse Modulators, Amplitude Modulators, Phase Shifters, 
Phased Array Antennas, T-R Switches, Limiters, Attenuators, 
AGC Circuits, Power Leveling Circuits, Redundant Micro- 
wave Systems, Synthesizers, Antenna Lobing and ECM re- 
ceiver switching. Environmental ratings of all units have 
been established to accommodate requirements of applicable 
MIL specifications. 

3540 

VSWR (Switch ON) all units 2.0:l max. Prices f.0.b. factory; prices in quantities of 10-24 and 25-99 upon request. 
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H PA 
Device 

4501 

4502 

4503 

4504 

4505 

4506 

4507 

4508 

PHOTOCONDUCTOR DEVICES 
P h otoc h opper s, photo mod u la tors, 

photo controlled resistors 

Price Typical 
Description impedances Drive 1.9 10-99 

DPDT 
4-cell Mod/Demod Mod. Input 1.25 M R  250 V, 2.5 mA DC 39.50 33.50 
Internal Oscillator Mod. Output 125 k R  Internal Oscillator 
High Z Modulator Demod. Output 25 k R  225 Hz 

DPDT 
4-cell Mod/Demod Mod. Input 150 k R  250 V, 2.5 mA DC 
Internal Oscillator Mod. Output 7.5 k R  Internal Oscillator 39.50 33.50 
Low Z Modulator Demod. Output 25 kQ 95 Hz. 

DPDT 60 Hz. chopping freq. 
4-cell Mod/Demod Mod. Input 5 M R  170 V peak 
for Ext. Oscillator Mod. Output 125 k R  2.5 mA 37.50 32.00 

1 kHz max. High Z Modulator Demod. Output 30 k R  

DPDT 60 Hz chopping freq. 
4-cell Mod/Demod Mod. Input 200 k R  170 V peak 
for Ext. Oscillator Mod. Output 5 k R  2.5 mA 37.50 32.00 
Low Z Modulator Demod. Output 30 kQ 1 kHz max. 

SPDT 200 Hz chopping freq. 170 V peak 
2-cel l  Mod. only Mod. Input 2 M R  2.5 mA 22.50 19.00 
High 2 Mod. Output 125 k R  1 kHz max. 

SPDT 200 Hz chopping freq. 170 V peak 
2-cel l  Mod. only Mod. Input 75 k R  2.5 mA 22.50 19.00 

Mod. Output 5 k R  1 kHz max. Low 2 

SPST 
PCR “ON” R 150 k R  150 V peak 8.00 6.80 
High Z “OFF” R Min. 100 MR 1 kHz max. 
SPST 
PCR “ON” R 6.8 k R  150 V peak 8.00 6.80 
Low z “OFF” R Min. 100 M R  1 kHz max. 

Advantages: 
Long life 
Low noise and offset 
High efficiency 
Low driving power consumption 
High stability 
Large dynamic range 

The  high-performance photoconductor components de- 
veloped and utilized in Hewlett-Packard’s own chopper and 
chopper-stabilized dc amplifiers and switches are now com- 
mercially available, featuring Hewlett-Packard’s standard 
reliability and optimum performance in terms of tempera- 
ture, speed, offset and drift. 

The  basic photoconductor used in these photochoppers, 
modulators, and photo-controlled resistors (PCR’s) was de- 
veloped through years of intense use in numerous HP ampli- 
fiers and switches and is still the “heart” of HP Associates’ 
family of photoconductor components, 

T h e  photocells are illuminated with self-contained neon 
glow lamps, stabilized and selected to provide long life 
and reliable operation. The  photochoppers contain two syn- 
chronous SPDT switches for applications requiring series- 
shunt modulation and demodulation, while the photomodu- 
lators contain one SPDT switch for applications requiring 
modulation only. The  PCR’s are ideally suited for applica- 
tions where SPST switching is required. All of the devices 
offer wide dynamic range, low driving power consumption, 
long life and freedom from drift. 
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GaAs Infrared Sources 

OPTOELECTRONIC DEVICES 

Photon Coupled 
PIN Photodlodes lsolatorr 

H P A  Package 
Device Style 

4104 A 

4106 B 

H P A  Package HPA Package 
Device Style Devlee Style 

4201 A 4301 0 
4203 B 4303 E 

4107 C 

STYLE a 

4204 B 4310 F 
4205 C 

I- 088-4 
STYLE C 

STYLE E 

STYLE B 

GLASS 
WINDOW 

STYLE 0 

STYLE F 

HPA 4107 gallium arsenide infrared source 
The H P A  4107 is a gallium arsenide electroluminescent 

diode which, when forward biased, radiates infrared light 
in a narrow band at about 9000 Angstroms, at very high 
intensity. 

The diode is contained in a low capacitance Kovar and 
ceramic package of extremely small dimensions. 

The HPA 4107 can be used in conjunction with the H P A  
4205 to form a fast photon coupled pair for convenient use 
in card and tape readers, encoders, and similar applications. 

Light emission characteristics at 25OC 

I A t I = S m A  I A t I = S O m A  I Units I 

I %%%Efficiency I 0,001 typical I 0.002 typical I Photons/elec. I 
I I I 

Tolal Power OutDut I 5 t w i c a l  I 75 tyDical I Microwatts 

WAVELENGTH (MICRONS) 

E m i s s i o n  Spectrum 
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~ 

Response at 7700 w 

0 PTOELECTRO N IC DEVICES 

Test Conditions 

0.75 electrons/photon 

0.5 p A / p W  

V = -20 V 
0.25 pA/mW/cm2 R L = < ~  MQ 

HPA 4205 ultrafast, low-noise 
silicon PIN photodiode 

The HPA 4 2 0 5  is a silicon planar P I N  photodiode for 
detection of light in the visible and near infrared regions. 
Response to blue and violet light is unusually good for a 
very low dark current silicon photodiode, Speed of response 
of this diode is less than 1 nanosecond and laser pulses as 
short as 0.1 nanosecond may be observed. The frequency 
response extends from dc to 1 GHz. The  low dark current 
of less than 150 picoamperes enables detection of very low 
light levels. The  quantum detection efficiency is constant over 
six decades of light intensity, providing excellent dynamic 
range. 

Optical characteristics 

Sensitive Area 

Speed of Response 

0.5 x 10-3,cmz 

0.010'' diameter 

Less than 1 nanosecond 

Capacitive coupling, case 

Resistive coupling 

Breakdown Voltage, emitter 

grounded 

to detector 

i n  

2 pF typical 

1011 C2 typical 

>200 V working 
." 
08 

0 6  

0 4  

02 

0 1  

08 
60 

2 55 z 
8 50 

0 4  0 6  0 8  I O  
WAVELENGTH IMlCRONSl 

SPECTRAL RESPONSE 

HPA 4310 Photon Coupled Isolator 
The HPA 4 3 1 0  Photon Coupled Isolator is a wide band- 

width dc coupling device consisting of a gallium arsenide 
electroluminescent diode infrared source and a silicon P I N  
photodetector. Electrical input signals are applied to the 
GaAs diode, which emits infrared radiation in proportion 
to the instantaneous forward current. This radiation is de- 
tected by the photodiode, which is well insulated from the 
emitter. The  electrical signals resulting at the photodiode can 
thereby be controlled from an input in a separate and elec- 
trically isolated circuit. The isolation between input and 
output is typically 1011~, shunted by 2 picofarads. The de- 
vice will operate on both ac and dc signals and has a band- 
width of 3.5 MHz .It is designed to provide isolation 
up to 200 volts dc. The isolator is packaged on a "0-18 
header with four leads. The  anode of the input diode is 
electrically connected to the case. 

Transfer characteristics at 25OC 

Test I 1 Conditions 

DC Current Transfer Ratio, 

12 = photodiode output current 
VZ = voltage across photodiode 

transfer 

I1 = 30 mA 
V2 = -25 V 

g 45 
40 
35 
30 - e 251 I I I I I I 

a 

2 5  I I I I n l  I I 
0 

-10 -20 -30 -40 -50 -60 -70 
PHOTODIODE REVERSE BIAS (VOLTS1 

OUTPUT CHARACTERISTICS 
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WORKING STANDARDS 

The latest innovations in instruments 
with up to t0 .002% accuracy in normal 
working environments demand working 
standards with better accuracy; and this 
accuracy must be maintained outside the 
standards laboratory. Hewlett-Packard 
has developed a line of working stan- 
dards and calibrators to meet the ac- 
curacy requirements from rt0.002% up 
to t3%. 

Traceable to NBS 
The absolute accuracy of Hewlett- 

Packard's working standards and cali- 
brators is traceable to the National 
Bureau of Standards, as shown in the 
flow chart, Figure 1. Special care has 
been taken to develop instruments with 
state-of-the-art stability so that specified 
accuracy and traceability can be main- 
tained for long periods of time. 

bility approximately + 2 5  ppm of resistor 
values. The adjustable resistor has no sig- 
nificant effect on the stability or the tem- 
perature coefficient of the entire resis- 
tance. Refer to page 172 of this catalog 
for further information on the H P  ad- 
justable standard resistors. 

I 7 LEAD RESISTANCE I 
R I  RESISTANCE I R * p & n  0-50Il 

 LEAD RESISTANCE 

Adjustable standard resistors 
A new type of standard resistor con- 

struction has been developed by H P  in 
which the resistor coil is supported be- 
tween two layers of polyester, eliminat- 
ing the brass form of earlier standard 
resistors. In this way, the temperature 
coefficient of the main resistor coil is es- 
sentially the same as that of the un- 
supported resistance wire. 

Figure 2 shows the circuit diagram of 
these adjustable standard resistors. The 
total resistance of these standard resis- 
tors is from 1 k ohms to 100 k ohms. R1 
and R2 both change in value as the total 
resistance changes so that the 50-ohm 
variable resistor gives a range of adjusta- 

Figure 2. Std. Resistor Circuit 

Reference diodes 
The long-term accuracy and stability 

of the Hewlett-Packard working stan- 
dards are dependent on selected Zener 
diodes. Three distinct steps are necessary 
to provide a reliable reference diode; 1 )  
process control in its original fabrication, 
2 )  design of a compatible circuit, and 
3 )  a 100% test of the completed circuit. 

To achieve the stability and accuracy 
necessary for the H P  dc working stan- 
dards, a selected Zener diode and its as- 
sociated circuitry is housed in a tempera- 
ture-controlled oven. The inner-oven 

I N.B.S. 1 

CONVERTERS 

Y DERIVED BY MUTU 

W Y  ALL VOLTAGES 
TECHNIQUE. 

-HP-419A NULL-M 

Figure 1. HP Instrument Traceability to NBS 

temperature is held nominally at 80°C + 
0.01"C during normal room variations. 
Figure 3 shows the simplified circuitry 
within the oven. 

REFERENCE 
DIODE 

* factory selected 8 
I 

Figure 3. Oven Reference Supply 

The H P  735A Transfer Standard uses 
this reference supply to obtain accurate 
stable voltages of 1.000 volt, 1.018 to 
1.020 volts and 0 to 1000 ,+V. It is 
quickly calibrated by a front-panel ad- 
justment using a standard cell (or 
another 735A) and a null meter. 

The H P  740B and 741B DC Standards 
use the oven reference supply for a ref- 
erence voltage to generate the 0 to 1000 
volt accurate, stable output. This refer- 
ence voltage is applied to a precision re- 
sistive divider which is the input to an 
amplifier chain, as shown in Figure 4. 

The summing point compares the in- 
put of the amplifier to an attenuated 

-1 :]MLTAGE SET] 1-1 REFERENCE -1, 

Figure 4 .  HPDC Standards Simplified Diagram 

sample of the output, taken from the 
range voltage divider. The current limit 
control is nominally adjusted for the 
protection of the output load. 

Table 1 shows available H P  dc Stan- 
dards (0-1000 volts). 
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Features 

Ranges 

Table 1-HP DC Standards 

Model 7408 Model 741 8 

0-1000 V in 4 decades 0-1000 V in 4 decades 

Readout 

Floating 

Accuracy I * (0.002% setting +0.0004% 1 *O.Ol% of setting or 
range) *O.OOl% of range 

5 digital display tubes + meter 

Yes Yes 

4 digil display + meter 

*(5 ppm setting+ 1 ppm 
range/da y) range/day) 

*(lo ppm setting+ 1 ppm Stability 

Current Limit 

Remote Sensing 

Guarding 

Recorder Output 

5-50 mA (nominal) 

Yes Yes 

Yes No 

1 V dc nominal into 1 kC2 load 
DC 

4-20 mA (nominal) 

1 V dc nominal into 1 kC2 load 
AC and DC 

Amplifier Bonus (refer to Page 174) 

~ 

Differential Voltmeter 

Bonus (refer to Page 176) 

Bonus (refer to Page 212) 
DC 

DC Voltage 
Accuracy 
Range 

AC Voltage 
Frequency 
Accuracy 
Range 

Bonus (refer to Page 213) 
AC and DC 

Yes Yes 
+=(O.l% + attenuator 0.1%) 
300 pV to 300 V 

*(0.2% of output + 1 digit) 
0.01 v to 1000 v 

Yes Yes 
400 Hz 
+=(0.2% + attenuator 0.1%) 

58-62 Hz (power line) 
*(0.4% of output + 1 digit) 
0.01 v to 1000 v 300 pV to 300 V 

High Z VM 

DC Current 
4ccuracy 
Range 

4C Current 
brequency 
4ccuracy 
iange 

Bonus (refer to Page 212) 
DC 

No Yes 
*(0.2% of output + 1 digit) 
1 p A  to 5A 

No Yes 
58-62 Hz (power line) 
~ ( 0 . 4 %  of output + 1 digit) 
10 NA to 5A 

Bonus (refer to Page 176) 
AC and DC 

+OUTPUT -hp- STANDARD 

hpll105A 

r i  

RESISTORS 

Figure 5. 1 V to 1000 V, accuracy -6 pprn. 

Figure 5 shows a combined use of H P  
Standards equipment capable of having a 
dc voltage output of 1 V to 1000 V in 
1 volt steps to 10 volts, 10 volt steps to 
100 volts, and 100 volt steps to 1000 
volts with an accuracy of -C- Gppm or bet- 
ter. For other applications see Applica- 
tion Note 80. 

Thermal converters 
Hewlett-Packard Thermal Converters 

are true rms detectors, yielding a dc out- 
put proportional to the temperature rise 
resulting from the ac input power. The 
Models 11049A, llO5OA and 11051A 
offer an exceptionally flat response and 
nearly constant impedance over a fre- 

quency range of 5 Hz to 10 MHz. A 
quick way of checking the frequency re- 
sponse of a voltmeter calibrator, an os- 
cillator or an ac amplifier is to connect 
its output to a thermal converter. The 
output of the thermal converter is then 
monitored by the use of a dc standard 
and a null meter. 

AC/DC Meter calibration systems 
The H P  E02-738BR voltmeter calibra- 

tion system includes the Model 652A 
Test Oscillator and the Model 738BR 
Voltmeter Calibrator, mounted in a con- 
venient cabinet. This system was de- 
signed specifically for calibrating high 
impedance voltmeters and oscilloscopes. 

The 738BR provides a 400 Hz rms or 
peak-to-peak ac voltage and a dc voltage 
output from 300 pV to 300 V. The ac- 
curacy is better than 0.1% dc and 0.2% 
ac. The 652A provides a frequency re- 
sponse, by using the EXPAND position 
of the meter, from 10 Hz to 10 MHz with 
a flatness of kO.25%. 

The HP Harrison Division MODEL 
6920B Meter Calibrator is an easily por- 
table, simple device used to calibrate ac 
and dc meters from 0.01 V to 1 kV, and 
from 0.01 mA to 5 amperes. The output 
setting of voltage or current is adjusted 
by means of a three-digit, ten-turn read- 
out on any volt, milliampere or ampere 
range. The dc accuracy is 0.2%, and ac 
accuracy is 0.4% of output. 

The following chart shows the features 
of the E02-738BR and the Harrison 
6920B AC/DC Meter Calibrators. 

Table 2-HP ac/dc meter calibrators 

I I E02-738BR Harrison 69208 
Features (Refer to Page 179) (Refer to Page 178) 

Frequency Response 
Accuracy 
Frequency Range 

Yes 
*0.25% 
10 Hz to 10 MHz 

No 
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11103A 

11104A 

Hewlett-Packard Standard Resistors Models 11 103A 
(1 k n ) ,  111044  (10 kn), and 11105A (100 k n )  are all 
calibrated to within t 6  parts per million of the legal ohm 
maintained by the National Bureau of Standards. These 
resistors are designed for use as standards in industrial, re- 
search and standards laboratories. 

1 kQ 

10 kQ 

Design construction 
New construction techniques developed in Hewlett-Pack- 

ard's standards laboratories have resulted in improvements 
in the stability characteristics of standard resistors. The re- 
sistors are made of selected Evenohm wire supported between 
polyester film. This eliminates the mechanical strain caused 
by differences in the temperature coefficients of the resistive 
element and the brass support structure. The coil of wire is 
immersed in moisture-free oil in a sealed, nickel-rhodium 
plated, brass can. The construction of the resistor permits 
immersion of the whole unit in oil for better temperature 
equalization. All connections in the resistor are silver sold- 
ered. The  standard terminal hooks are made of oxygen-free 
copper that is nickel-rhodium plated. 

HP Model 

11103A 

Resistors are adjustable 
The  adjustable range of HP's  standard resistors is - t 2 5  

parts per million with 0.3 ppm resolution.Adjustment can 
be made precisely with a jeweler's screwdriver to suit the 
measuring situation (e.g., setting voltage dividers by ratio 
matching), speeding results and greatly reducing the calcu- 
lations required, 

Limit of Stability Temperature** 
Resistance Error* (ppm/year) Coefficient 

1000 ohms 6 ppm - <10 < + 4  ppm/OC 

Stability 
The stability of a standard resistor is determined by ob- 

serving the amount of change in resistance per unit of time. 
The stability specifications for the 11100 series standard 
resistors are given in pprn (of rated resistance) per year. 
The change in resistance is mainly due to the aging process 
of the resistor components. Stability of the resistor will gen- 
erally improve with time, providing the resistor is not sub- 
jected to overload (greater than 0.1 watt power dissipation), 
and does not receive a severe mechanical shock. 

Traceability 
Each Hewlett-Packard Standard Resistor is adjusted to its 

nominal value and checked for stability and temperature 
characteristics. The working standards used for these tests 
are checked periodically against laboratory reference stan- 
dards which in turn, are calibrated at frequent intervals by 
the National Bureau of Standards. 

Calibration report 
Alpha and Beta coefficients are individually determined 

and a calibration report is furnished with each resistor 
specifying 'traceability to NBS. The change in resistance for 
temperatures other than 25OC can be calibrated. 

Specifications 

11105A 

I HP Model I Resistance I 

100 kQ I 6PPm I - <20 <&4  ppm/'C 

I 11105A I 100 kQ I 
Characteristics 

I 11104A I 10 kQ I 6 p p m  I 1 1 5  I <+4ppm/"C I 
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DC TRANSFER STANDARD 
Portable instrument transfers std. voltages 

Model 735A 

Uses: 
1 V reference for volt boxes and potentiometers 
Standard cell comparator 
Stable microvolt source 

The  H P  735A is a general-purpose laboratory transfer 
standard. It may be used as a 1 V standard output with 
standard cell accuracy, a standard cell comparator, or as a 
0 to 1000 pV standard source for dc and potentiometric 
measurements. 

This guarded, high-accuracy transfer standard has 4 func- 
tions : 

1. 1.018 +A:> reference for saturated standard cell com- 
parisons. 

2 .  1.019 +A* reference for unsaturated standard cell 
comparisons. 

3. 1 V reference for volt box and potentiometric mea- 
surements. 

4. 0 to 1000 pV source with 1 pV resolution. 

Reference supply 
The basic stability of the 735A is derived from a reference 

supply enclosed in a proportionally controlled oven. The 
temperature of the reference diode is held to within 
t O . 0 3 " C  for an ambient temperature of 0" to +50°C.  
The reference supply maintains a stability better than 10 
ppm/mo. The overall temperature and long-term stability 
of the 735A is assured by using HP-produced ultra-stable 
resistors with temperature coefficients matched to within 
0.5 ppm/OC. 

Circuit guard 
The 735A Transfer Standard features a guard shield 

which isolates the floating output from the chassis. 

Transfer standard 
The 735A can be disconnected from the power line for 

convenient transfer of a standard cell to working standards 
or directly to the piece of equipment to be calibrated, and 
will recover to within ~1 ppm within 30 minutes warmup. 

Features: 
Voltage standard output 
Exceptional stability 
Short-circuit proof 
Very low temperature coefficient 
Direct-reading comparisons 
Low thermal emf 
Floating and guarded output 
Compact 

-~ 
* A  3-digit direct-reading 0 to 1000 4 V  offset voltage. 

NSFER STANDARD MICROVOLTS 

735A 

Specifications 
Standard outputs: 1,00000 V ;  1.018 +A'k;  1.019 +A*; 

Transfer accuracy: (after 30 min. warmup) 2 ppm between 
saturated standard cells or unsaturated standard cells; 10 
ppm standard cell to 1 V ;  10 ppm saturated standard cell 
to unsaturated standard cells (typically better than 5 

Stability: (After 30 min. warmup) Better than 10 ppm/  

Line regulation: < 1 pV for 10 O , l 0  line change. 
Output impedance: 1 kn ki7G. 
Short-circuit current: < 1.5 mA. 
Temperature coefficient: < 1 ppm/OC, O o  to + 5OoC. 
Variable output: 

0 to 1000 pv A*. 

PPm) ' 

month. 

Range: 0 to 1000 pV. 
Accuracy: 0.1% k 1 . 5  pV. 
Resolution: 1,V. 
Output impedance: 146n t iyo .  

Output noise: dc to 1 Hz < 1 pV p-p. 
1 Hz to 1 MHz: < l o 0  pV rms. 

Output: Floating and guarded. 
Power: 115 or 230 V ~ 1 0 7 $ ,  50 to 1000 Hz, approximately 

1 2  w. 
Output terminals: Four 5-way binding posts, Positive, nega- 

tive, circuit-guard shield, and chassis ground; positive 
and negative terminals are solid copper with gold flash. 
A maximum of 500 V d c  may be connected between chas- 
sis ground and guard or circuit ground. 

Dimensions: Standard y3 module. 5%" wide, 3" high, 11" 
deep (130,2 x 76, 2 x 279, 4 mm).  

Weight: net: 5% Ibs (2 ,5  kg)  ; shipping: 8 Ibs (3 ,6  kg) ,  
Price: H P  735A dc Transfer Standard, $375. 
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Description 
DC Standard 

The 740B is an ultra-stable, high-resolution dc standard 
source which delivers output voltage from 0 to 1000 V with 
a specified accuracy of t (0.002% of setting + 0.0004%of 
range). Designed for calibrating digital voltmeters, differ- 
ential voltmeters, potentiometers, voltage dividers and for 
general applications, the 740B has six-digit resolution with 
discrete steps of 1 pprn at full scale. 

The 740B will deliver current up to 50 mA and may be 
set at any desired level between 5 mA and 50 mA by a con- 
tinuously adjustable front-panel control. A front-panel indi- 
cator displays overload conditions as the load current ex- 
ceeds the current limit setting. Low output impedance is 
maintained by remote-sensing terminals which control the 
output voltage at the load. The entire circuit is floating and 
guarded. 

The stability of the 740B is dependent primarily on the 
stability of the reference source and the stability of the pre- 
cision wire-wound resistors which comprise the decade and 
range dividers. The heart of the reference voltage supply 
is a temperature-compensated Zener diode which, with 
other critical components, is housed in a proportionally con- 
trolled oven. The entire reference supply is pre-aged from 
4 to 6 weeks before being placed in the instrument. The 
stability of the reference voltage is recorded during this 
time and printed on a chart supplied with the instrument. 

Precision dc amplifier 

The instrument can be used as a dc power amplifier, in 
differential voltmeter or voltmeter modes by connecting the 
source to the input terminals and taking the output from 
the terminals that normally supply the standard calibrated 
voltages. 

Bonus 

The 740B, in addition to the dc standard, may be used as 
a precision dc differential voltmeter and a high Z dc volt- 
meter. For additional information refer to the voltmeter 
section of this catalog, page 212. 

Specifications 
DC Standard 
Ranges 

Output voltage: o to 1000 V* in 4 decade ranges with 
output as follows: 
0 to 1.000000 V in 1 pV steps 
0 to 10.00000 V in 10 pV steps 
0 to 100.0000 V in 100 p.V steps 
0 to 1000.000 V in 1 mV steps 

Performance rating 
Accuracy: &(0.002% of setting +0.0004% of range) at 

23°C k 1 " C  less than 70% relative humidity, constant 
load. 

Stability: rated accuracy is met after 1 hour warm-up period, 
with a 30-day calibration cycle. 
Short term: 1 ppm of setting +0.5 pprn of range/hour; 

5 ppm of setting + 1 ppm of range/day. (< 100 V 

Temperature coefficient: < (2  pprn of setting or 1 pprn of 

Output characteristics 

output.) 

range, whichever is greater) per OC. 10°C to 40°C. 

Output current: current limiter continuously adjustable 
5-50 mA nominal. Max. output current, 50 mA de- 
creasing linearly to 20 mA at 1000 V output. 

, 

Output resistance: < (0.0002 +0.0001 Eo) d at dc. 
Load regulation: < (0.0005% + 10 pV) change, no load 

to full load. 
Line regulation: < (0.0005% of setting + 0.0001 % of 

range) for 10% line voltage change. 
Noise and hum: .01 to 1 Hz: <1 pprn of range 1 Hz to 

1 MHz: 100 dB below full scale or 100 pV rms, which- 
ever is greater, 

Output terminals: plus and minus output, plus and minus 
sense, circuit guard, and chassis ground. Banana jacks 
mounted on remote terminal box (Accessory 11055B, 
furnished). Output and sense terminals are solid cop- 
per, gold-flashed. A maximum of 500 V dc may be 
applied between chassis ground and guard or circuit 
ground. 

*A maximum of -500 V dc w i t h  respect  t o  l ine ground can be appl ied t o  or  
obtained f r o m  the HP 7408. 
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Zero control limits: + 0.001 % of range nominal. 
Readout: 5 digital display tubes indicate first 5 digits; meter 

displays position of the 6th voltage set switch. 

Voltage gain: recorder output; 120 dB maximum. 
Amplifier 

Output terminals: 60 dB on 1 mV range; 40 dB on 10 
mV range; 20 dB on 100 mV range; unity on 1 V to 
1000 V ranges. 

Performance rating (output terminals): 
Gain accuracy: &(O.Ol%of reading+5 ppm of range 

Linearity: k 0 . 0 0 2 7 ~  on any range. 
Output current: same as dc standard. 
Bandwidth: dc to 0.2 Hz. 
Input resistance: > l o 1 0  ohms, 100 mV to 1000 V 

ranges; > loo  ohms on 10 mV range; > l o 8  ohms 
on 1 mV range, independent of null condition. 

Line regulation: < o . o O o j ~  + 2  pV referred to input for 
10% line voltage change. 

Noise:O.OlHz to 1 Hz (referred to input) <0.5 pV p-p 
at 60 dB; < 1 . 0  pV p-p at 40 dB gain; < 3  pV p-p at 
20 dB gain. Unity gain ( 1  V range and above) same as 
dc standard. 1 Hz to 1 MHz; 1 V to 1000 V ranges, 
same as dc standard; below 1 V range, < l o 0  pV rms. 

+ 2 pV)  referred to input. 

General 
Operating temperature: + 10°C to +40°C. 
Storage temperature: -40°C to +6jOC. 
Power supply: 115/230 V ac *lo%, 50 Hz to 1000 Hz, 

1 2 5  W max. 
Dimensions: 7'' high, 16%'' wide, 18%" deep (118 x 

425 x 476 m m ) .  Rack mount kit (5060-0776) fur- 
nished with instrument. 

Weight: net 47 Ibs (21,3 kg) ; shipping 65 Ibs (29J kg) .  
Accessories furnished: 

11054A Input Cable for 7406: 4 banana jacks mounted 
on terminal box with 3-foot cable and mating con- 
nector. Terminals include positive and negative input, 
circuit guard, and chassis ground. Positive and nega-* 
tive terminals are solid copper, gold-flashed. A switch 
allows reduction of input resistance to 2 MR. 

11055B Output Cable for 740B: 6 banana jacks mounted 
on terminal box with 3-ft. cable and mating con- 
nector. Terminals include positive and negative out- 
put, positive and negative sense, circuit guard, and 
chassis ground, Output and sense terminals are solid 
copper, gold-flashed. 

Price: HP 740B. $2350. 

PORTABLE DC NULL VOLTMETER 
18 ranges, 0.1 pV resolution 

Model 419A 

Description 

The Model 419A D C  Null  Meter is a solid-state, battery 
operated micro-voltmeter with 0.1 pV resolution. 

The 419A is an excellent dc null detector for comparing 
a standard voltage with another source voltage, resistive di- 
vider or amplifier. By connecting the two voltages to the + 
and - floating input terminals, the voltages oppose each 
other and the instrument under test may be adjusted to the 
exact dc voltage of the standard instrument. This is accom- 
plished by nulling the difference between the two sources on 
the 419A's 3 p,V range with a resolution of 0.1 pV. Internal 
noise is very low, even at this resolution. 

The  419A is operated from a rechargeable battery-power 
source so that it can be isolated from the ac power line, 
eliminating ground loops. 

The  419A offers a feature not available in any other dc 
null meter. . . . an adjustable internal nulling supply. An 
infinite input impedance is obtained (even on the 3 p,V 

range) when used as a null detector with the internal nulling 
supply. 

Additional applications 

(1) The 419A, because of its high-input impedance and 
sensitivity, may be used for measurements where a voltage 
must be read, compared or adjusted across a resistor. 

( 2 )  Collector voltages may be measured in transistor cir- 
cuits. 

(3)  Voltages may be measured across a resistive divider. 

( 4 )  Because of its high sensitivity, the 419A may be used 
to measure thermocouple voltages and other low-level trans- 
ducer sources. 

( 5 )  Nerve potentials in biology and medicine, as well as 
chemically-generated emf may be measured. 

For complete specifications, see page 186-187. 
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741 B I 
Uses: 

High voltage dc standard source 
Measure power supply stability 
Calibrate precision voltmeters 
D C  standard transfer measurements 
Measure accurately dc resistive dividers 

Features: 
D C  standard &0.01% accuracy 
AC A V M  2 0 . 0 3 %  accuracy 
D C  A V M  &0.02% accuracy 

The 741B is an ultra-stable, high-resolution dc standard 
source which delivers output voltage from 0 to 1000 volts 
with a specified accuracy of & O . O l %  of setting or 0.001% 
of range, whichever is greater, Used as a dc standard, 
the 741B provides adjustable dc voltages with &digit resolu- 
tion, simplifying the calibration of digital voltmeters, dif- 
ferential voltmeters, potentiometers, and voltage dividers. 
Designed for general lab applications, the 741B has 1 ppm 
output voltage resolution on any full scale range. 

The 741B will deliver current up to 20 mA and may be 
current-limited between 4 mA and 20 mA by a continuously 
adjustable front-panel control. A front-panel indicator dis- 
plays overload conditions as the load current exceeds the 
current-limit setting. The output terminals allow the instru- 
ment to be used as a floating or grounded two-terminal de- 
vice or a four-terminal output with remote sensing. 

Stability 
The stability of the 741B is dependent primarily on the 

stability of the reference source and the precision, wire- 
wound resistors which comprise the decade and range di- 
viders. The heart of the reference voltage supply is a tem- 
perature-compensated Zener diode which, with other critical 
components, is housed in a proportionally controlled oven. 

Typical 741B stability is demonstrated in Figure 1 which 
shows a 741B opposed by a band of 9 standard cells. The 
overall 24-hour stability is better than 1 ppm. The  0.01% 
accuracy of the 741B is maintained after a 1-hour warmup 
for 90 days without calibration. 

Figure 1. Total overall stability of the 7418  is better than 1 ppm for a 24-hour period. 
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Power amplifier 
As a *0.02% power amplifier, the HP 741B provides 

unity voltage gain from 0 to 1000 volts. Stability is better 
than o.ool%/day, and an output up to 20 mA (20 W max.) 
is available. 

Vo I t age amp I if i er 
A voltage amplifier up to 60 dB gain is available at the 

recorder terminals (voltage output is directly proportional 
to meter deflection). Maximum output is 1 V dc nominal 
into 1 k ohm load. 

High-impedance ac or dc voltmeter 
The  Model 741B is a k 2 7 "  floating dc voltmeter with 

ranges from 1 m V  to 1000 V. It is also a 1+2% floating ac 
voltmeter from 50 mV to 1000 V with reduced accuracy to 
1 mV. Input impedance (dc) is greater than I O 9  ohms on 
all ranges. The low-capacity probe provides a high-input 

impedance ( 1  megohm shunted by < 5  p F )  on all ranges 
in ac operation. 

AC or dc differential voltmeter 
As an ac differential voltmeter, the 741B measures ac 

voltages from 1 mV to 1000 V and as a dc differential volt- 
meter it measures dc voltages from 0 to 1000 V. For further 
information, refer to the differential voltmeter section, page 
213. 

Option 
The 741B Option 01 offers +0.01% accuracy in dc dif- 

ferential voltmeter mode of operation and &0.02% accuracy 
in dc standard operation. All other specifications in the 741B 
Option 01 are identical to the standard 741B. The standard 
741B or 741B Option 01 can be calibrated by the user to 
operate as a &0.01% dc standard or dc differential volt- 
meter by making one simple adjustment. 

Specifications 

DC Standard 
Output voltage ranges: 0 to 1000 V* in 4 decade ranges with 

outputs as follows: 0 to 1 V with 1 JLV resolution; 0 to 
10 V with 10 pV resolution; 0 to 100 V with 100 pV reso- 
lution; 0 to 1000 V with 1 mV resolution. 

Performance rating 

Accuracy**: iO.Ol% of indicated setting or r+O.OOl% of 
range, whichever is greater. Relative humidity <SO%. 

Stability: rated accuracy is met after 1-hour warmup period, 
with a 90-day calibration cycle. 

Short-term stability: 10 ppm of setting + 1  ppm of range 
for a 24-hour period. 

Output characteristics 

Output current: 0 to 20 mA, output current limiter con- 
tinuously variable from 4 to 20 mA (nominal) 0 to +4O"C. 
Reduced to 10 W maximum from +40"C to +5O"C. 

Output resistance: < (0.0005 +O.OOOS Eo) Q at dc. 

Load regulation: < I O  ppm + 10 PV no load to full load. 

Line regulation: < k ( 1 0  ppm + l o  PV) for & l o %  line- 

Remote sensing: permits output regulation at the point of 

Temperature coefficient: < 3  ppm/"C from 0°C to +SO"C. 

Noise and hum: dc to 1 Hz, 100 dB below full scale; 1 Hz 
to 1 MHz, -100 dB below fu l l  scale or 200 pV, which- 
ever is greater. 

voltage change. 

application. 

Output: floating (up  to 500 V ) .  

Readout: 4 digits plus individually calibrated taut-band 
meter. 

Power Amplifier 
Accuracy: 20 .02% of rdg or 1 0  002% of rge, whichever 

Output current: same as dc standard. 
Voltage gain: unity 0 to 1 kV. 

Stability: better than 0 001%/day after 1-hour warmup. 
Bandwidth: dc to 0.1 Hz. 

is greater. 

Line and load regulation: same as dc standard. 

Input impedance: > l o g  ohms on all ranges. 

Superimposed ac noice rejection: <0.01% error (above 50 
Hz) for ac rms voltage equal to 50% of input dc or 2 5  V 
rms, whichever is less. 

Noise: same as dc standard. 

High-Impedance AC Voltmeter 
Accuracy: 

Accuracy (end scale) 50 mV - 1 kV 
2% 
2% 2 2 0 0  pv 

1 mV - 50 niV 

20 Hz - 50 kHz 
20 Hz - 100 kHz 

Input voltage ranges: 1 niV to 1000 V ac end scale. 

Input impedance: 1 Mfl shunted by < 5  pF. 

High-Impedance DC Voltmeter 
Input voltage ranges: 1 niV to 1000 V" end scale ( 1  mV to 

100 mV range obtained by using null sensitivity push- 
buttons). 

Accuracy: 2 2 %  of range. 

Input impedance: > l o n  ohms, all ranges. 

Superimposed ac noise rejection: same as power amplifier. 

General 
Recorder output: available for all modes of operation. 

Recorder amplifier: recorder voltage output directly pro- 
portional to meter deflection, 60 dB gain ( m a s ) ,  1 mA 
into 1 k load. 

Power supply: 115 or 230 V %lo%;;., 50 Hz to 1000 Hz, 125 
W max. 

Dimensions: 7" high, 16vi"wide, 18%" deep (178 s 425 s 

Weight: net 47 Ibs ( 2 1  kg) ; shipping 65 Ibs (29,5 kg).  

Price: HP 741B, $1675. 

Option 01: $1675. 

-164 mm).  

*A maximum of -500 V dc with respect to line ground can be applied to or 

**741B Option 01 provides -0.02% dc standard accuracy and 20.01% dc 
obtained from the HP 7418. 

differential voltmeter accuracy. 
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Model 69208 

Can be used to check: 
1, D C  Voltmeters up to 1000 volts 
2. AC Voltmeters up to 1000 volts 
3. DC Ammeters up to 5 amps 
4. AC Ammeters up to 5 amps 

Description 
Model 6920B is a versatile ac/dc meter calibrator, capable 

of both constant voltage and constant current output. Its ab- 
solute accuracy makes it suitable for laboratory or production 
testing of panel meters, multimeters, and other meters hav- 
ing accuracy of the order of 1.0% or higher. This calibrator 
has been designed for convenience, and combines in one 
instrument all the outputs needed to test the more commonly 
used meters. Model 6920B has been packaged in an H P  
cabinet module suitable for bench or  rack use. For more in- 
formation on mounting accessories, see pages 568 and 569. 

Output switch 
An output switch selects the safest mode of operation for 

the particular type of meter being tested, A “lock” position 
leaves the testing parameters in operation to free both hands 
for attaching and disconnecting successive meters. A “test” 
position, springloaded so that the meter calibrator output is 
presented to the terminals only while finger pressure is ap- 
plied, facilitates testing meters with several full-scale values 
and reduces the danger of burn-out. 

AC Output waveshape 
When the function switch is set on “AC”, the output 

waveshape is sinusoidal ( to  a first approximation) and has 
the same frequency as the input line power applied to the 
instrument. The feedback loop which controls and regulates 
this AC is actually monitoring the average value of the ac 
output, although the front panel controls are calibrated in 
terms of rms. Thus this calibrator is suitable for use with 
average reading ac voltmeters scaled in rms. Moreover, it is 

not improper to use this calibrator with true rms meters pro- 
vided the input line waveshape has a negligible amount of 
harmonic distortion. The  meter calibrator’s contribution to 
the total harmonic distortion present in its output is small 
compared to its overall accuracy. 

Specifications 
Input: 105-125 V ac, single phase, 58-62 Hz, 0.7 amp., 65 

Output voltage ranges: 
watts max. 

0.01-1 V current capability 0-5 A 
current capability 0-1 A 
current capability 0-100 mA 

0.1-10 V 

10-1000 V current capability 0-10 mA 
1-100 V 

Above output voltage ranges and maximum current capa- 
bilities for each range apply in full for either dc or 
60 Hz, operation. 

Output current ranges: ( 5  amp. maximum output) 
1-100 pA voltage capability 0-500 V 

voltage capability 0-500 V 
voltage capability 0-500 V 

1-100 mA voltage capability 0-50 V 
voltage capability 0-5 V 
voltage capability 0-0.5 V 

0.01-1 mA 
0.1-10 mA 

0.01-1 A 

Above output current ranges and maximum voltage capa- 
bilities for each range apply in full for either dc or 
60 Hz, operation. 

Output accuracy: DC-O.2% of set value plus 1 digit. AC- 
0.4% of set value plus 1 digit. Above accuracy applicable 
over a temperature range from 15OC to 35°C and over 
full input voltage range. 

FUNCTION SWITCH-This is a 3-position switch : 
“OFF”, “AC”, and “DC”. In the “OFF” position the 
ac power input is disconnected from the unit, In the 
“AC” position the meter calibrator produces an ac out- 
put; similarly, in the “DC” position the calibrator pro- 
duces a dc output. 

RANGE SWITCH-10 positions, one for each voltage 
and current range. 

CALIBRATED O U T P U T  CONTROL-Digital potenti- 
ometer readout control ( 3  significant digits) determines 
exact value of output. 

0.1-10 A 

Controls: 

O U T P U T  SWITCH-Switch described above. 
Output terminals: two front panel terminals are provided; 

these are the output terminals for both ac and dc opera- 
tion, In voltage ranges, the negative terminal is grounded. 
In current ranges, both terminals must be disconnected 
from any shunting paths to ground. 

Ripple: in dc operation the output ripple is typically less than 
1 .o% rms of the output range switch setting. 

Operating temperature range: 0-5OCc. 
Size: 634” (172 mm) H x 7-13/16” (198 mm) W x 11” 

Weight: 1 5  Ibs (6 , s  kg)  net, 17 lbs (7.71 kg) shipping. 
Price: $695.00. 
Option 0 5  50 Hz ac input regulation realignment, add $25. 
Option 28: Rewire for230V single phase ac input,  add $10. 

(279 mm)  D. 
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Frequency range 
20 Hz to 20 kHz 

VOLTMETER CALIBRATOR 
DC, rrns and p-p volts; flatness 10 Hz-10 MHz 

Model E02-738BR 

Measurement 
uncertainty 

within *0.01% *0.02% 
In reference to std. 

Description 
The 652A Test Oscillator and the 738BR Voltmeter Calibra- 

tor calibrates high-impedance voltmeters and oscilloscopes for 
both frequency response and voltage accuracy. The system 
combines two moderately priced basic Hewlett-Packard instru- 
ments that calibrate for ac and dc voltage levels from 300 pV 
to 300 V in precise preselected steps and calibrate for frequency 
response from 10 Hz to 10 MHz. 

The two instruments are available individually or in a single 
enclosure provided with a rear-access door and power strip as 
the E02-738BR. 

The 738BR is a highly stable precision voltage source with 
drift less than 0.1% per week for dc voltage, less than 0.2$&,J0 
per week for ac voltage. The G52A provides a convenient con- 
stant-amplitude ac output voltage at an adjustable frequency 
from 10 Hz to 10 MHz. The instrument’s expanded meter scale 
monitors the frequency response rapidly and accurately with 
k0.25% flatness. 

Specifications 
E02.738BR Voltmeter Calibration System 

738BR 
Voltage range: 300 pV to 300 V, dc or ac (rms and p-p, 

400 Hz) .  
Levels: calibration voltage 300 pV to 300 V in steps of 1, 3, 

1.5 and 5 ;  tracking voltages 0.1 to 1 V in 0.1 V steps and 
0.05 to 0.5 V in 0.05 V steps. 

Accuracy: 300 V working voltage into attenuator, accurate 
within 0.1% dc and 0.2% ac, after a 30-minute warmup. 

Attenuator accuracy: within k O . l %  or k 2 . 5  pV, whichever 
is larger, open circuit. 

Long-term stability: less than 0.1% dc drift per week, less 
than 0.2% ac drift per week. 

20 kHz to 50 kHz 

Thermal Converters 
Models 11049A, 11050A, 11051A 

Hewlett-Packard Thermal Converters are true rms indicators, 
yielding a dc output voltage proportional to the temperature 
rise resulting from the input power. The Models 11049A, 
llO5OA and 11051A offer an exceptionally flat response and 
nearly constant impedance over a wide frequency range. These 
characteristics make the thermal converters ideal to check the 
response of precision ac voltmeters, oscilloscopes and amplifiers. 

within *O.Ol% *0.03% 

Specifications 
11049A, 11050A, 11051A 

Maximum input voltage: 
ll049A: 3 V rms; 11050A: 1 v rms; 11051A:0.45 v rms. 

Input impedance: 50 ohms t 0 . 1 5  ohms to 10 MHz. 
Output voltage for maximum input voltage: 7.5 mV dc (nom- 

Dimensions: 3” wide, 1%” high, 1%” deep (7,G x 4,4 x 3,8 

Weight: net 2.2 oz (62 g) ;  shipping 1 lb (450 g ) .  
Price: H P  Model 11049A”; $125; H P  Model 11050A*, $125; 

Option 01*: calibration to GO MHz, add $25. 
Option 02*: calibration to 100 MHz, add $50. 

inal). 

cm) .  

H P  11051A”, $125. 

50 kHz to 1 MHz within *0.01% 

*Includes individual calibration report with statement of uncertainty traceable 
to NBS. 

*0.06% 

E02-738BB 

10 MHz to 30 MHz 
30 MHz to 60 MHz 
60 MHz to 100 MHz 

Power: 115 or 230 V 5110% 50 to GO Hz, 350 watts. 
Dimensions: 19” wide, 7” high, 1 5 % ”  deep behind panel 

Weight: net 38 Ibs ( 7  kg ) ;  shipping 5 3  Ibs (24 kg).  
Price: H P  738BR, $850 (rack mount). 

(483 x 178 x 400 m m ) .  

*0.25% 
4 5 0 %  
* 1.50% 

652A 

General 
Specifications are listed on page 329 of this catalog. 

Dimensions: 22%” wide, 16%’’ high, 18%’’ deep (565,2 x 

Weight: net 105 Ibs (47,3 kg) ;  shipping approx. 135 Ibs 

Price: H P  E02-738BR, $1860. 

419,l x 4@,9 mm) .  

( 6 0 3  kg).  

11050A 

Ca I i bra tion accuracy 

I within*O.O5% I *0,12% I I 5 Hz to 20 Hz and 
1 MHz to 10 MHz 
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VOLTAGE CURREIVT, 
RESISTANCE M EAS U RI  N G EQU I PM ENT 

Voltage, current and resistance mea- 
surements are easy, fast and accurate with 
electronic instruments using meter move- 
ments. Most electronic voltmeters, am- 
meters and ohmmeters use rectifiers, am- 
plifiers and other circuits to generate a 
current proportional to the quantity being 
measured, which then drives a meter 
movement. Devices of this type are called 
analog instruments. 

Meter Movements-the meter-move- 
ment readout should continue to be popu- 
lar since it is economical and suitable for 
many jobs. It also lends itself well to 
special, nonlinear scales such as dB scales. 

The pivot-jewel suspension is being re- 
placed more and more by the taut-band 
suspension. This has resulted in excellent 
repeatability with hysteresis virtually 
eliminated. This repeatability, in turn, 
makes practical the individually-cali- 
brated meter scale. Both of these im- 
provements, taut-band suspension and in- 
dividually-calibrated scales, are standard 
in most H P  analog voltmeters. 

Figure 1 shows scales for two different 
meters printed by Hewlett-Packard's cali- 
brator on one face. By combining an HP- 
produced, taut-band meter movement 
with custom calibration, outstanding rug- 
gedness and precision are inherent in all 
meter movements which are produced, in 
volume, for Hewlett-Packard's electronic 
instruments. 

Figure 1. Scales for two different meters 
printed by Hewlett.Packard's calibrator on one 

face. 

DC voltage measurements 
The dc voltmeter represents a straight- 

forward application of electronics to 
measuring instruments. This instrument 
usually has a dc amplifier preceding the 
meter movement. 

D C  amplifiers can be classified as ( a )  
direct-coupled types and (b )  chopper 
types. 

Direct-coupled amplifiers are attractive 
for their economy and find application 
in the lower cost electronic voltmeters. 
Figure 2 shows a direct-coupled amplifier 
used in the H P  427A. 

The input signal is applied to a range 
attenuator and then to an impedance con- 
verter. A field-effect transistorQ 1 is used 
as an impedance converter becausecof its 

high-input impedance. Transistors 4 2  and 

Figure 2. Basic dc voltmeter circuit. 

also develops a high dc input resistance 
which, for the amplifier itself, often 
reaches 100 megohms or more. The input 
resistance presented to the voltmeter 
terminals is determined by the input at- 
tenuator, which is necessary for different 
input voltage levels. 

The Hewlett-Packard Company has led 
for several years in the use of photocon- 

ductive choppers. A photoconductor (or 
photoresistor) has many megohms of re- 

.r 
CHOPPER-\ 

Figure 3. Non-mechanical photoconductive chopper. 
-~ ~ ~ 

43 make up a two-stage, direct-coupled 
amplifier which drives a meter. The am- 
plifier is used to obtain sensitive ranges 
and higher input impedance than can be 
realized with non-electronic types of volt- 
meters. The input impedance of electronic 
types is frequently high enough that cor- 
rections for the loading effect of the volt- 
meter upon the circuit are not required. 

An amplifier also limits the maximum 
current supplied to the meter movement, 
so that there is little danger that un- 
expected overloads will burn out the 
meter movement. 

An extra bonus is a recorder output 
which delivers a dc voltage proportional 
to the meter indication. The voltmeter 
can thus be used as a narrow-band dc 
amplifier. In addition, other functions 
such as dc amperes and ohms may be 
provided. 

Although most voltmeters are design- 
ed for line operation, battery opera- 
tion is sometimes provided. Battery opera- 
tion is useful for field operations or when 
isolation from the power line is required. 

To sGpply ranges of a few millivolts 
or microvolts full scale, chopper ampli- 
fiers are generally used. Hewlett-Packard 
choppers can convert the input dc to a 
proportional ac with zero offsets of 1 aV 
or less. The ac signal is first amplified 
and then converted back to dc (demodu- 
lated). 

Overall scale-factor accuracy is assured 
by substantial dc feedback from the out- 
put back to the modulator. This feedback 

sistance when unilluminated, and a few 
hundred or thousand ohms when illumi- 
nated with a neon or incandescent bulb. 
The transition time between these two 
conditions (high and low resistance) at  
present limits the maximum chopping 
rate to a few hundred Hz. Usually, four 
photocells are mounted in one assembly 
with a simple neon oscillator. This sup- 
plies a demodulator as well as a series 
shunt, half-wave modulator. Figure 3 
illustrates a typical chopper amplifier. 

The H P  410C is representative of this 
class of instruments. Input impedance is 
typically 100 megohms, offering a negli- 
gible loading effect. The HP 410C uses 
a chopper-stabilized amplifier (CSA), 
which minimizes the drift characteristics 
of direct-coupled amplifiers. 

The H P  solid-state 419A DC Null 
Voltmeter also uses a CSA and has 0.1 
&V resolution, with 18 ranges from 3 PV 
to 1000 V. An internal, adjustable buck- 
ing voltage alIows the operator to null 
the input signal with a front-panel con- 
trol, effectively making the input imped- 
ance infinite. This dc null voltmeter is 
powered by rechargeable batteries. 

AUTOMATIC FEATURES - auto- 
matic polarity and range-selection fea- 
tures are available. The operator can de- 
tect polarity and measure any voltage 
within the range of the instrument with- 
out setting controls. The meter indication 
is automatically maintained between 113 
and full scale, while the range also is 
automatically displayed. These features 
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are offered in the H P  414A Autovolt- 
meter. Outstanding accuracy can be ob- 
tained using this model. Figure 4 com- 
pares the H P  414A accuracy versus read- 
ing against other instruments with speci- 
fied accuracy of 1% or 2% of full scale. 

DC current measurements 
For most dc current measurements, the 

meter movement, by itself, serves the pur- 
pose admirably. In these cases, the meter 
coil requires relatively few turns to gen- 
erate sufficient magnetic flux for deflect- 
ing the meter pointer. For lower current 
measurements, though, the sensitivity of 
the meter movement must be increased, 
usually by using more turns in the coil. 
These added turns increase the resistance 
of the current path, which can be trouble- 
some in low-impedance circuits. 

Electronic instruments overcome this 
difficulty by measuring the small voltage 
drop across a low-value resistance placed 
in series with the current to be measured. 

Figure 4. Accuracy vs. reading. 

The H P  412A, 425A a.nd 419A Volt- 
meters are equipped with internal-Cali- 
brated shunt resistors for reading dc cur- 
rents without accessory equipment. These 
instruments cover the range from 10 pA to 
1 A full scale (412A, 1 PA to 1 A full 
scale; 425A, 10 pA to 3 mA full scale; 
419A, 30 pA to 30 nA full scale; 410C, 
1.5 FA to 150 mA full scale). 

Current measurements using a series 
resistor have the obvious disadvantage of 
interrupting the circuit under test. In 
many applications, insertion of a resist- 
ance in the line of current flow may alter 
the current being measured or even alter 
the circuit operation. To overcome this 
difficulty, the H P  428B Clip-On DC Mil- 
liammeter uses current probes which 
simply clip around the current-carrying 
wire and measure direct currents from 0.1 
mA to 10 amperes without interrupting 
the circuit. 

The H P  428B enables current measure- 
ments to be made as easily as voltage 
measurements, requiring no alteration of 
the circuit under test. 

The clip-on probes are finding wide use 
in solid-state circuit measurements where 
current flow has to be monitored care- 
fully. Sensitivity is such that even base 
current can be measured. There are a 
variety of other uses, such as measuring 
the current in ground loops where the im- 

pedance is too low for the series-resistance 
technique to be applied. 

The H P  Model 3528A Current Probe 
allows current measurements in conduc- 
tors up to 2 %  inches in their maximum 
dimensions. Such conductors are not 
limited to wires, but can be pipes, multi- 
conductor cables, lead sheathed cables or 
microwave waveguides. With this large 
aperture probe, difficult-to-measure quan- 
tities like corrosion current in small struc- 
tural members, circulating dc and low- 
frequency currents in ground straps and 
waveguides can easily be determined. 
Low-frequency current to 400 Hz is mea- 
sured by connecting an oscilloscope or ac 
voltmeter to the H P  428B recorder out- 
put. 

Resistance measurements 
Resistance is customarily determined 

through the familiar Ohm’s relation: 
E=IR. By applying a known voltage, E, 
to the unknown resistance, R, and then 
measuring the current, I, passing through 
it, R can be computed. 

A modified procedure for doing this 
with electronic voltmeters is shown in 
Figure 5. Here, the current flowing in the 
circuit depends on the series combination 
of the unknown resistor R, and the in- 
ternal resistor R,. Both voltage and cur- 
rent in the external circuit will change 
according to the value of the unknown. 
To account for this, H P  instruments, such 
as the H P  410B, 410C, 412A and 427A, 
have individually calibrated taut-band 
meter scales. If R, were infinite, the meter 
would read the full battery voltage E, .  
Full-scale deflection would therefore cor- 
respond to a resistance of infinity. If R, 
were zero (short circuit), the meter 
would read zero. The mid-scale range 
then occurs when R, equals R,.  

The resistance Ri, included as part of 
the ohmmeter, provides a convenient 
means of changing the range of the in- 
strument. The H P  410C has mid-scale re- 
sistance readings ranging from 10 ohms 
to 10 megohms in seven ranges. 

Using another method, the H P  414A 
employs a feedback-stabilized current 
source, allowing the use of a linear ohms 
scale and avoiding a special meter scale 
for resistance measurements. The result- 
ing meter scales are easy to read with 
good resolution at lower-resistance values. 

AC voltage measurements 
Electronic instruments for measuring 

ac voltages also use an amplifier with the 
meter movement. Analog ac voltmeters 
are ac-to-dc converters which derive a dc 
current proportional to the ac input being 
measured, employing this current for 
meter deflection. Conversion to dc elimi- 
nates the necessity of having the move- 
ment respond to the frequencies being 
measured. In some situations, conversion 
to dc by use of external probe diodes 
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Figure 5.  Resistance measurement with an 
electronic voltmeter. 

precedes amplification (HP  Models 410B, 
410c and 411A). The required amplifiers 
must then be dc amplifiers, either direct- 
coupled or chopper type. In other cases 
(HP  400 Series Models), the dc may be 
derived as a final step with sufficient 
power available to directly drive the 
meter movement of the voltmeter. Finally, 
any ac amplifier may readily be a broad- 
band dc amplifier preceded by an input- 
blocking capacitor. This is sometimes 
used when fast recovery from overload is 
desired. For further information on dc 
amplifiers, refer to Hewlett-Packard Ap- 
plication Note 69. 

AC voltmeters 
Analog (meter) indicating ac volt- 

meters fall into three broad categories: 
average-responding, peak-responding, and 
rms-responding. AC voltmeters in general 
use are average and peak-responding 
types in spite of the fact that rms values 
are of principle interest. A choice among 
the three types should be made on the 
basis of cost and usefulness for a range 
of particular measurements. 

Average-responding voltmeters 
The widely used H P  400 series volt- 

meters are average-responding meters. 
The average value of an ac voltage is 
simply the average value of voltage mea- 
sured point-by-point along the waveform. 
For a sine wave and any waveform sym- 
metrical about zero, the true average 
value is zero. However, a resistive load is 
heated by both the positive and negative 
current excursions in proportion to the 
absolute average of voltage above and 
below zero. Accordingly, when we speak 
of average voltage, we mean the average 
value of a full-wave rectified voltage. 
This value for sine wave is 0.636 times 
the peak voltage. 

For a sinusoidal waveform, then, the 
rms value can easily be calibrated on a 
meter that responds to the average value, 
since the rms value is greater by the con- 
stant k = 0.707/0.636 = 1.11. Many 
waveforms encountered in electronic 
measurements are sinusoidal; in these in- 
stances, the average-responding meter, 
calibrated in the rms value of a sine wave, 
provides a accurate indication of the rms 
value. 

Average values of several other wave- 
forms are known. For example, the aver- 
age value of a symmetrical square wave 
is 1.0 times the maximum value; and the 
average value of a symmetrical triangle 
wave is 0.5 times the maximum value. 



Average-responding voltmeters are 
much less expensive for the same ac- 
curacy and bandwidth than a true rms 
voltmeter for sinusoidal waveforms. 
Average-responding voltmeter error due 
to harmonic distortion is low-less than 
3% for about 10% harmonic distortion. 
Refer to Hewlett-Packard Application 
Note #60, “Which AC Voltmeter,” for 
additional information. 

Sampling voltmeters 
Conventional voltmeters which respond 

to the absolute average or the true rms 
value of an ac waveform are commonly 
limited in sensitivity and bandwidth by 
the input impedance converter, ampli- 
fier and dectector. These restrictions may 
be relieved by sampling the signal prior to 
amplification and detection. This tech- 
nique constructs low-frequency equiva- 
lents of high-frequency signals and per- 
mits voltmeters to make measurements 
over wide frequency and voltage ranges. 
Sampling high-frequency waves in order 
to construct low-frequency equivalents of 
them is a powerful technique for mea- 
suring and observing broadband signals. 
The sampling oscilloscope, introduced bv 
Hewlett-Packard a number of years ago, 
can display repetitive waveforms con- 
taining frequency components up to 
several GHz. A more recent develop- 
ment, the H P  3406A Sampling Voltmeter, 
responds to the absolute-average values of 
unknown voltages and is calibrated to 
read both the rrns value of a sine wave 
and dBm in SO-ohm systems. It has eight 
voltage ranges from 1 mV to 3 V full 
scale, and its sensitivity is high enough to 
measure voltages as small as 50 PV over 
a 25 kHz to >1 GHz frequency range. 
Voltage scales are linear, and resolution 
is 20 PV on the 1 mV range. Unlike 
some RF voltmeters with peak detectors 
that are rms-responding on the lower 
ranges and gradually change to peak-de- 
tecting on the higher ranges, the H P  
3406A is average-responding on all 
ranges. This means that measurements of 
non-sinusoidal voltages are more accurate 
because its detector law does not change 
with the amplitude of the input signal. 

Instead of the coherent, waveform-pre- 
serving sampling method used in most 
sampling instruments, the 3406A uses an 
incoherent technique which does not pre- 
serve the input waveform. In this type of 
sampling, the input voltage is sampled 
at irregular intervals having no relation- 
ship to any of the frequency components 
of the input signal. Enough samples are 
taken, though, so that the average, peak, 
and rrns values of the samples closely 
approximate the average, peak, and rms 
values of the input voltage. The informa- 
tion relevant to the voltage-measuring 
function is preserved; and waveform, not 
required in this technique, is not pre- 
served. 

Incoherent sampling is especially ad- 
vantageous in a voltmeter because it gives 
the meter the sensitivity, accuracy and 
broad-frequency range of a sampling in- 
strument; yet it is less costly than co- 
herent techniques. Unlike coherent sam- 
pling, it neither requires a triggering 
source nor that the input signal be 
periodic. The sampling voltmeter oper- 
ates equally well with sinusoidal, pulsed, 
random or frequency-modulated signals. 

The sampling circuit of the H P  3406A 
Voltmeter is located in its probe which 
is ac-coupled and permanently attached 
to the instrument with a 3-foot cable. 
When pressed, a pushbutton located on 
the probe causes the voltmeter to retain 
its reading until the button is released. 
Figure 6 illustrates the block diagram 
of the H P  3406A. 

A more recent development, the H P  
8403A RF Vector Voltmeter, can measure 
amplitudes and phase angles simulta- 
neously from 1 to 1000 MHt .  The 8405A 
RF Vector Voltmeter operates on the 
principle of coherent sampling. For addi- 
tional information, refer to page 240. 
Other sampling instruments are being in- 
vestigated at H P  for frequency ranges as 
high as X band (12.4 G H t ) .  

Peak-responding voltmeter 
Like the average-responding voltmeter, 

the peak-responding type can be cali- 
brated to read the rms value of a sinu- 
soidal waveform. It is important to re- 
member that the instrument indication is 
proportional to the peak above or below 
the average of the impressed waveform. 
The peak-responding voltmeter shown in 
Figure 7 places the rectifier in the input 
circuit where it charges the small input 
capacitor to the peak value of the input 
signal. This voltage is passed to a dc am- 
plifier, which drives the meter. 

In the peak-responding meter, ac to dc 
conversion is usually accomplished at the 
input, making a broadband meter and am- 
plifier unnecessary. Consequently, it can 
be used to higher frequencies than the 
average-responding type; and it has a low 
shunt capacitance to minimize circuit 
loading. Since a dc meter circuit is re- 
quired, many times dc volt, ohm, and 
ampere scales are added (as on the H P  
410C) to make the peak-responding 
meter a multifunction instrument. 

The extension of this technique into the 
ac millivolt range is impractical due to the 
nonlinear response of diodes at low-signal 
levels. 

Both of these meters (average-respond- 
ing and peak-responding) have scales 
calibrated to indicate the rms value of 
a sine-wave input voltage, since the meters 
are used primarily for sine-wave mea- 
surements. The average-responding type, 
therefore, reads 1.11 times higher than the 
average voltage; while the peak-respond- 
ing type indicates 0.707 of the peak volt- 

age. As a result, both meters may be in 
error if the measured signal is not a pure 
sine wave. The amplitude and phase of 
the harmonics present affect the peak and 
average values of the waveform, upsetting 
the rms calibration. The average-reading 
voltmeter is not affected by distortion as 
much as the peak-reading type. However, 
if highly complex waveforms are to be 
measured, a true rms-responding volt- 
meter is recommended. Write or ask for 
H P  Application Note #60 for additional 
information concerning measurement er- 
ror from harmonics or other spurious 
voltages. 

RMS-responding voltmeter 
As mentioned previously, complex 

waveforms are measured most accurately 
by an rms-responding voltmeter. It is es- 
sential to remember that the instrument 
indication is proportional to the rms de- 
viation about the average of the impressed 
waveform. Mathematically, the root- 
mean-square (rms) value of any com- 
plex quantity is obtained by summing the 
squares of each component and taking the 
square root of this sum, defined as the 
equivalent heating power of the wave- 
form. 

This operation is performed by sensing 
the waveform’s heating power, which is 
proportional to ( Erll1\)  ‘. The indicating 
circuitry responds to the square root of 
the heating power. Heating power is mea- 
sured by feeding an amplified version of 
an input waveform to the heater of a ther- 
mocouple, the voltage output of which is 
proportional to the waveform’s heating 
power. 

Previously, the primary difficulty with 
that technique has been the nonlinear be- 
havior of the thermocouple, slow response 
and burnout, complicating the calibra- 
tion of the indicating meter. The new H P  
3400A True RMS Voltmeter overcomes 
this difficulty with the use of two thermo- 
couples mounted in the same thermal en- 
vironment. Nonlinear effects in the mea- 
suring thermocouple are cancelled by 
similar nonlinear operations of the second 
thermocouple. 

As shown in the block diagram of 
Figure 8, the amplified input signal is 
applied to the measuring thermocouple; 
and a dc feedback voltage is fed to the 
balancing thermocouple. The dc voltage 
is derived from the voltage output dif- 
ference between the thermocouples. The 
circuitry may be looked upon as a feed- 
back control system which matches the 
heating power of the dc feedback voltage 
to the input waveform’s heating power. 
Meter deflection is proportional to the dc 
feedback voltage, directly proportional to 
the rms of the input signal. The meter in- 
dication, therefore, is linear. 

This arrangement allows the Model 
3400A to provide highly accurate readings 
of the rms value of complex waveforms 
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Fizure 6. Block dianram of HP 3406A. 
having crest factors (ratio of peak-to- 
rms) as high as 1O:l. At 10% of full- 
scale deflection, where there is less likeli- 
hood of amplifier saturation, waveforms 
with crest factors as high as 100:l are 
accommodated. 

The 3400A reads voltages throughout 
a range of 100 pV to 300 V rms within a 
frequency range of 10 Hz to I O  MHz. Bi STABILIZED 

Figure 7. Peak-responding voltmeter. 

AMPLl Fi ER 

Voltmeter considerations 
The most appropriate instrument for 

ac or dc voltage measurement is the in- 
strument reliably giving the performance 
needed for the existing conditions. Some 
considerations are: 

CIRCUIT LOADING-the voltmeter 
should have a considerably higher im- 
pedance than the test circuit. For ex- 
ample, measuring the low-frequency volt- 
age across a 100 kilohm resistor with the 
voltmeter having a 10 megohm input re- 
sistance will result in an error of 1% be- 
cause the voltmeter will change the test 
circuit. Input impedance is usually speci- 
fied by its resistive and capacitive parts. 
The input reactance due to the input 
shunt capacitance C,, is a reciprocal func- 
tion of frequency; therefore, the smaller 
C,,, is, the smaller the loading error at 
higher frequency. In some applications, 
a passive voltage divider probe can be 
used to reduce the input capacitance at the 
point of measurement (at  the sacrifice of 
about 20 dB of sensitivity). With such a 
probe, measurements can be made quite 
easily at random points without upsetting 
the circuit under test. 

RANGES-the ranges on the meter 
scale may be in the 1-3-10 sequence with 
10 dB of separation, 1.5-5-15 sequence, or 
with a single scale calibrated in decibels 
with 20 dB range steps. In any case, the 
scale divisions should be compatible with 
the accuracy of the instrument. A linear 
meter with lY0 full-scale accuracy should 
have 100 divisions on the 1.0 scale so that 
1% can be readily resolved, An instru- 

ment with an error of 1% or less should 
have a mirror-backed scale to reduce the 
parallax problem. 

OUTPUTS-some voltmeters provide 
several analog outputs besides the meter 
reading. For instance, there may be both 
ac and dc output proportional to the 
pointer deflection. The ac output is useful 
for monitoring the waveform on an oscil- 
loscope or to lower the output impedance 
of the circuit under test. The dc output 
can be used to drive a strip chart or x-y 
recorder for a permanent record, or to 

AC current measurements 
AC current measurements can be made 

with a sensitive ac voltmeter and a series 
resistance, as described under “DC Mea- 
surements.” Hewlett-Packard calibrated 
shunt resistors are designed for use with 
the 400 series meters, making these instru- 
ments direct-reading in current units. 

The H P  456A Current Probe enables ac 
current to be measured without disturb- 
ing the circuit. This probe clips around 
the wire carrying the current to be mea- 
sured and, in effect, makes the wire the 
one-turn primary of a transformer formed 
by ferrite cores and a many-turn secon- 
dary within the probe. The signal in- 
duced in the secondary is amplified in a 
battery-operated, solid-state amplifier; 
and the amplifier’s voltage output can be 
applied to any suitable ac voltmeter for 
measurement. The amplifier constants are 
chosen so that 1 mA in the wire being 
measured produces 1 mV at the ampli- 
fier output. Current is read directly on the 
voltmeter. 

- - 

- - 
Figure 8. True rms+’esponding voltmeter.. 

drive a dc digital voltmeter to increase 
accuracy and resolution of broadband in- 
struments. 

DECIBELS-the decibel unit is very ef- 
fective in measurements covering a wide 
range of voltages. The response of ampli- 
fiers and filters, for example, is usually 
expressed as a graph of voltage in decibels 
versus frequency. Most voltmeters with 
decibel scales are calibrated in dBm, refer- 
enced to some particular impedance. The 
0 dBm reference for a 600-ohm system is 
0.7746 V, and for a 50-ohm system is 
0.2236 V. In many applications, only a 0 
dB reference is needed; so dBV (relative 
to 1.0 volt) can be used for any im- 
pedance system. 

BATTERY OPERATION-for field 
work, an instrument powered by internal 
batteries is necessary. If an area contains 
troublesome ground loops, a battery-pow- 
ered instrument should be used to remove 
the ground path. 

SENSITIVITY VS. BANDWIDTH- 
noise is a function of bandwidth. A volt- 
meter with a broad bandwidth will pick 
up and generate more noise and is less 
sensitive than one operating over a narrow 
range of frequencies. An instrument with 
a bandwidth of 10 Hz to 10 MHz has a 
sensitivity of 1 mV. On the other hand, 
a voltmeter whose bandwidth extends 
only to 4 MHz could have a sensitivity of 
100 pv .  

The basic specifications for Hewlett- 
Packard analog voltmeters are summar- 
ized in Table I. To  help you select a volt- 
meter suitable to your needs, our guide- 
lines are restated as follows: 

(1 )  For measurements involving dc 
applications, select the instrument with 
the broadest capability meeting your re- 
quirements. 

(2) For ac measurements involving 
sine waves with only modest amounts of 
distortion ( < l o % ) ,  the average-respond- 
ing voltmeter provides the best accuracy 
and most sensitivity per dollar. 

( 3 )  For high-frequency measurements 
(> 10 MHz), the peak-responding volt- 
meter with the diode-probe input is the 
most economical choice. Peak-responding 
circuits are acceptable if inaccuracies 
caused by distortion in the input wave- 
form can be tolerated. 

(4)  For measurements where it is im- 
portant to determine the effective power 
of waveforms that depart from a true 
sinusoidal form, the true rms-responding 
voltmeter is the appropriate choice. 

( 5 )  For very wide bandwidths and 
high-sensitivity measurements of sinu- 
soidal or non-sinusoidal waveforms, the 
new H P  3406A Sampling Voltmeter is the 
proper choice. 
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DC NULL METER & VOLTMETER 
Models 419A & 413A 

DC NULL METER 
Floating, 18 ranges, 0.1 pV resolution 

Model 419A 
Features: 

18 ranges from 3 pV to 1000 Vdc end scale 
7 ranges from 30 pA to 30 nA end scale 
0.1 pV resolution 
2 7 c  2 0 . 1  pV accuracy on all V M  ranges 
High input impedance 
Solid state 
Rechargeable batteries 

Sensitive null detector for bridge measurements 
Floating voltmeter measurements 
Thermocouple measurements 
General-purpose voltmeter and/or null detector 
DC amplifier 

Uses: 

Eighteen voltage ranges with 0.1 pV resolution on the 
lowest range set this H P  solid state DC Null Voltmeter apart 
from previous dc null meters. The accuracy of this recharge- 
able battery-operated instrument is k2p of end scale 1 0 . 1  
,pV on all ranges, Noise is less than 0.3 pV p-p, and drift 
is less than 0.5 pV/day. 

An internal bucking source allows input voltages up to 
300 mV to be nulled giving an infinite input irnpedance. 
Input impedance above the 300 mV range is 100 megohms. 

Pushbutton selection provides convenience-versatility 
Seven pushbuttons allow the operator to select rapidly the 

desired function of the H P  419A.This dc null voltmeter 
operates from the ac line or from the internal rechargeable 
batte'ries. During operation from the ac line the batteries are 
trickle -charged. A fast-charge pushbutton is provided to 
increase the charging rate, recharging the batteries in ap- 
proximately 16  hours. Battery voltage may be easily checked 
with the battery-test pushbutton. The ZERO pushbutton 
enables the operator to compensate for any internal offsets 
before making a measurement, When this pushbutton is de- 
pressed, the positive leg of the voltmeter is disconnected 
from the positive input terminal and connected to the nega- 
tive input terminal, 

When the V M  pushbutton is depressed the H P  419A 
functions as a zero-center scale 3 pV to 1000 Vdc voltmeter. 

When the AM pushbutton is depressed, the H P  419A 
functions as a zero-center scale 30 pA to 30 nA ammeter. 

To eliminate measurement errors caused by high source 
impedances when the 3 pV to 300 mV ranges are used, a 
SET NULL pushbutton is provided, When this pushbutton 
is depressed, an internal bucking voltage is placed in series 
with the input. A front-panel control enables the operator 
to null the input voltage with the H P  419A's bucking volt- 
age. At this time the bucking voltage is equal to the input 
voltage resulting in an infinite input impedance and elimina- 
tion of any loading error. The READ NULL pushbutton 
may then be depressed, disconnecting the input. The voltage 
of the bucking supply, which is the same as the input volt- 
age, is now displayed on the meter. The  bucking voltage is 
adjustable to approximately 120% of end scale on the 3 pV 
to 300 mV ranges. 

Conven ience-versat i I i ty 
The 419A's design, functional utility and light-weight 

modular construction contribute to its easy portability. 
Rectangular pushbuttons are provided for ease of opera- 

tion. Function ambiguity is prevented by mechanical inter- 
locks which allow only one pushbutton to be depressed at 
one time. 

Recorder amplifier 
An output proportional to meter deflection makes the H P  

41 9A an exceptionally stable dc amplifier. Its high-voltage 
gain, high stability and low noise make this dc null meter 
suitable for many control applications. For recording applica- 
tions,one volt with currents up to 1 mA for full-scale meter 
indication is available at the rear output terminals. 

Specifications 
Voltmeter Internal bucking voltage: approximately 1 120% end scale, 

Ranges: k 3  pV to k 1 0 0 0  volts dc end scale in 18 zero 3 pv to 300 mV range. 
center ranges. Response time: 95% of final reading within 3 sec on the 

3 pV range. 9570 of final reading within 1 sec on the 
10 pV to 1000 V ranges. 

Accuracy: &2% of end scale k O . 1  pV. 
Limits of zero control: A 1 5  ,,,V. 
Input resistance: 3 I*V to 3 mV ranees: 100 k ohms (infi- " 

-nite when nulled),  10 mV to 30 mV ranges: 1 megohm 
(infinite when nulled),  100 mV to 300 mV ranges: 10 
megohms (infinite when nulled).  1 volt to 1000 volt 
ranges: 100 megohms. age. 

Superimposed ac rejection: ac voltages 60 Hz and above: 
80 dB greater than end scale-affects reading less than 
2%.  Peak ac voltage not to exceed max. overload volt- 
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Noise:” < 0 . 3  pV peak-peak. 
Drift: <0.5 pV/day after 30 minutes warm-up. T.C. < .05 

,,,V/OC from 0’ to +5Ooc.  
Amplifier 

Gain: 110 dB maximum at recorder output terminals. Gain 
depends on range. 

Output: 0 to ~ - 1  volt at 1 mA max. for end-scale reading. 
Output level is adjustable for convenience when used 
with recorders. 

Output impedance: depends on setting of output level con- 
trol, <35  ohms when output level is set to maximum. 

Noise: 0.01 Hz to 5 Hz:  Same as voltmeter (referred to 
input) ,  > 5 Hz: rms noise < 10 mV (referred to out- 
put)  ’ 

DC Ammeter 
Current ranges: t 3 0  PA, a100 PA, ~ 3 0 0  PA, t l  nA, 

i 3  nA, i 1 0  nA, and k 3 0  nA. 
Accuracy: k 3 7 G  of end scale +1 PA. 
Input R: 100 k n .  

*No ise  ampl i tude approximates Gaussean d i s t r i bu t i on .  Standard deviat ion (rms): 
d=0.075 pV. Peak to  peak deviat ion (2d l imi ts) :  peak to peak deviat ion is  
4 3  pV, 95% of the  t ime .  

General 
Overload voltage: 50 Vdc max, 3 ,V to 3 mV ranges; 

500 Vdc max., 10 mV to 300 mV ranges; 1200 Vdc 
max. on 1 volt range and above. 

Overload recovery time: meter indicates within 3 seconds 
for a 1 0 6  overload. 

Input terminals: Positive and negative terminals are solid 
copper, gold flashed. 

Input isolation: > l o 1 0  ohms shunted by 250  pF. May be 
operated up to 500 Vdc or 350 Vac (rms) above 
ground. 

Operating temperature: O o  to + 5Ooc. 
Storage temperature: -40°C to +6OoC. 
Power souce: 4 internal rechargeable batteries (fur- 

nished),  Thirty hour operation per recharge. The 419A 
may be operated during recharge from ac line. 115 or 
230 V 1 + l O 7 ~ ,  50 to 1000 Hz, approximately 3 watts. 

Dimensions: standard H P  ‘/z module; 6” high, 7%’’ wide, 
8”deep (152 x 197 x 203 m m ) .  

Weight: net: 8 lbs (3 ,6  k g ) .  Shipping: 11 Ibs ( 5  k g ) .  
Price: H P  419A, $450. 

DC NULL VOLTMETER 
Floating, high-impedance input; 1 mV end-scale sensitivity 

Model 413A 

The 413A has 13 zero-centered ranges running from 1 
mV to 1000 V end scale, 

High input impedance (10 megohms on the most sensitive 
range, 200 megohms on the 300 mV range and above) makes 
the 41 3A especially valuable in resistance bridge measure- 
ments, Accuracy of this instrument is within 276 of end 
scale; drift and noise are virtually imperceptible. 

Specifications 
Voltmeter 

Range: positive and negative voltages from 1 mV to 1000 

Accuracy: L-2% of end scale. 
volts end scale in 13 .zero-center ranges. 

Limits of zero control: more than end scale on any range 
when using expanded scale. 

Input resistance: 10 megohms on 1, 3 and 10 mV ranges; 
30 megohms on 30 mV range; 100 megohms on 100 
mV range; 200 megohms on 300 mV range and above. 

AC rejection: a voltage at power line or twice power-line 
frequency 40 dB greater than end scale affects reading 

peak voltage must not exceed 1500 volts. 

Amplifier 
Gain: 0.001 to 1000 in 13 steps. 
Gain accuracy: &1.57c. 
Linearity: i o .  2 rG. 
Noise: less than 2 pV rms (typically less than 1 5  pV p-p) 

referred to the input. 
Output: 1 V for end-scale deflection, same polarity as input 

signal; end scale corresponds to 1 on upper scale; maxi- 
mum load current is 1 milliamp. 

Output impedance: less than 2 ohms at dc. 
Output terminals: dual banana jacks. 
AC rejection: approximately 3 dB at 1 Hz, 80 dB at 50 

and 60 Hz. 
General 

Input terminals: dual banana jacks. 
Input isolation: greater than 100 megohms shunted by 0.1 

,F to case (power line ground),  
Common signal rejection: may be operated with up to 500 

Vdc or 130 Vac above ground. 
Power: 115 or 230 volts +loyo, 50 to 60 Hz, approxi- 

mately 35 watts. 
Dimensions: cabinet: 111/2” high, 7Y2” wide, 10” deep 

(292 x 110 x 254 m m ) ;  rack mount: 5-7/32” high, 
19” wide, 6y8” deep (134 x 483 x 168 m m ) .  

Weight: cabinet: net 12 lbs (5,4 k g ) ;  shipping, 14 lbs 

Rack mount: net 1 2  lbs (5 ,4  k g ) ;  shipping, 19  lbs 
( 6 4  k g ) ,  

( 8 4  k g ) ’  
Price: H P  413A, $350 (cabinet); $355 (rack mount).  
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400 E 400EL 

Description 
The HP 400E/EL Solid-state AC Voltmeters are ruggedly 

built precision instruments for measuring ac voltages from 
1 millivolt to 300 V rms full scale. They cover a frequency 
range from 10 Hz to 10 M H t  and have constant 10 meg- 
ohm input resistance on all ranges. Input capacity is 21  pF 
on the 1 mV to 1 volt range and 8 pF on the 3 volt to 300 
volt range. The instruments are simple to operate and give 
direct voltage and dBm readings. 

These ac voltmeters have exceptional long-term stability 
because their calibration is not dependent on active com- 
ponent parameters which are subject to aging. The 400E/ 
EL may also be used as stable, high-gain Ac amplifiers or 
ac-to-dc converters. 

The 400E has all the characteristics mentioned above 
with 1 % of reading accuracy on a 4%" mirror-backed, taut- 
band meter. The meter is individually calibrated with 100 
divisions to provide greater resolution. 

The 400EL has all the characteristics above with 1% of 
reading accuracy on a linear 1 2  dB logarithmic scale, This 
meter is also individually calibrated with 120 divisions and 
is ideal for dB measurements. 

Battery operation 
The Models 400E/EL can be operated from two 35 to 

5 5-volt batteries connected to the rear panel battery ter- 
minals. This feature is ideal for communications usage or 
when troublesome ground loops are prevalent. 
Options 

Special dB-measuriizg option-The Model 400E reads 
directly in volts and dB, with the voltage scale uppermost. 
The Model 400E (Option 01) with dB scale uppermost 
is recommended for greater resolution in dB measurements. 
High gain amplifier 

Additionally, the 400E and 400EL provide a stable low- 
distortion, high-gain, wideband ac amplifier with a 50-ohm 
output impedance. 
AC-to-DC converter 

The Models 400E/EL provide a linear dc output (1 volt 
dc for full-scale meter deflection) proportional to meter 
deflection which can be used to drive a potentiometer or 
galvonometer recorder, The accuracy is +O. 5 % making 
the 400E/EL an excellent ac-to-dc converter, This dc out- 
put is available at the rear panel of the instrument; see 
specifications. 

Specifications 400E, EL 
A C - t o - D C  CONVERTER O U T P U T  

3 MV-300  V R A N G E S  A C C U R A C Y  % Of Reading 
2 M H z  Frequency 10 H z  20 H z  40 H z  100 H z  500 k H z  

10 M H z  1 M H z  4 M H z  

A C C U R A C Y  % Of Reading I M V R A N G E  
Frequency 10 Hz 20 H z  40 H z  100 Hz 100 k H z  500 k H z  2 M H z  G M H z  

200 k H z  1 M H z  4 M H z  
, ................- - ... . . . . . . . . . . .  ..... 

. . . . . . . . . . . . . . .  I + 2 ................................... I AT 1 / 7  F U L L  SCAL F I +4 ........................ 
.................... . . . . . . . . .  

+4 +4 
I A T  1/10 FULL SCALE I 1 - 1 5  1 -10  

. . . . . . . .  
+4 +4 +4 

. . . . . . . . .  . . . . . . . . .  - 10 1 - I 5  1-30 

*For 15"C-4O0Con 1 mV-1 volt ranges only tFor 100 and 300 volt ranges +4, -10% 
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Model 400E 

Specifications 

400 EL 

Vol tage range 

Frequency range 

Ca l i  b ra t i on  

3 MV to 300 V RANGES 
Frequency 10 H z  20 H z  40 H z  

I mV to 300 V ful l  scale, 12 ranges 

I O  Hz i o  I O  MHz 

reads rrns value of sine wave: vo l tage ind icat ion p ro -  reads rrns value of sine wave: vo l tage ind icat ion p ropor -  
por t ional  t o  absolute average value of app l i ed  wave: t ional  t o  absolute average value o f  app l i ed  wave; l inear 
dB scale - I O  t o  + 2 dB, I O  dB between ranges; 100 dB scale - I O  dB t o  + 2  dB. I O  dB between ranges: 
divisions on 0 t o  I scale. logar i thmic vo l tage scales 0.3 t o  I and 0.8 t o  3 ;  120 

divisions f r o m  - I O  t o  + 2 dB. 

HP MODEL 4 0 0 E  
ACCURACY Of Reading 

500 kHz 2 M H z  
1 M H z  4 M H z  10 M H z  

A C C U R A C Y  % Of Reading 

I MV RANGE 
Frequency 10 H z  20 H z  40 H z  100 H z  100 k H z  500 k H z  2 M H z  6 M H z  

200 i$Hz 2 M H z  4 M H z  

1/3 FULL SCALE 

HP M O D E L  4 0 0 E L  

ACCURACY % Of Reading 
3 MV to 300 V RANGES 

2 M H z  Frequency 10 H z  20 H z  40 H z  500 kHz  
1 M H z  4 M H z  10 M H z  

I MV RANGE ACCURACY % Of Reading 
6 M H z  10 H z  20 H z  40 H z  500 CHz 2 M H z  Frequency 

1 M H z  4 M H z  200 kHz  - 

i F o r  100 and 300 volt ranges +4, -10% 

HP Model 400E/EL 
Input impedance: 10 megohms shunted by 21 pF  on the 

1 mV-1 V ranges and 10 megohms shunted by 8 p F  on 
the 3V-300Vranges. External battery operation: 

Amplifier ac output: 150 mV rms for full-scale meter indi- 
cation; output impedance 50 ohms, 10 Hz to 10 MHz 
(105 mV on the 1 mV range). 

AC-dc converter output: 1 Vdc output for full-scale meter 
deflection. (linear output for models 400E/EL),  

Output resistance: 1000 ohms. 
Response time: 1 second to within 1% of final value for a 

AC power: 115  or 230 volts *lo%, 50 to 1000 Hz, approx. 

Temperature range: 0 to +55OC (except where noted on 
accuracy charts). 

Terminals are provided on rear panel; positive and nega- 
tive voltages between 35 V and 55 V are required; current 
drain from each voltage is approx. 54 mA. (External 
switching and on/off monitoring should be used for bat- 
tery operation.) 

Weight: net 6 Ibs (2,7 kg) ,  shipping 8 Ibs (3 ,6  kg) .  
Dimensions: (Std. HP y3 module) 6y2“ high, 5y8” wide, 

Price: H P  Model 400E, $285. 
step change. 11”deep (165,1 x 1 3 0 , 2 x 2 7 9 , 4 m m ) .  

5 watts. H P  Model 400EL, $295. 



190 

400F 

Description 
The H P  400F/FL solid-state ac voltmeters are ruggedly- 

built precision instruments for measuring ac voltages frpm 
100 microvolts to 300 V rms full scale. They cover a fre- 
quency range from 20 Hz to 4 MHz and have constant 10 
megohm input resistance on all ranges. Input capacity is 
25 pF on the 100 pV to 300 mV range and 10 pF on the 1 
volt to 300 volt range. The instruments are simple to op- 
erate and give direct voltage and dBm readings. 

These ac voltmeters have exceptional long-term stability 
because their calibration is not dependent on active com- 
ponent parameters which are subject to aging. The 400F/ 
FL may also be used as stable, high-gain ac amplifiers with 
up to 80 dB amplification. 

The 400F has all the characteristics mentioned above 
with 1/2% of reading plus y2% of full-scale accuracy on a 
495’’ mirror-backed taut-band meter. The meter is individ- 
ually calibrated with 100 divisions to provide greater reso- 
lution. 

The 400FL has all the characteristics above with 1% of 
reading accuracy on a linear 12 dB logarithmic scale. This 
meter is also individually calibrated with 120 divisions and 
is ideal for dB measurements. 

The specifications in the chart on the next page show 
these compact, lightweight, solid-state voltmeters will give 
premium performance at an economical price. 

Special dB measuring option (400F only-The Model 
400F reads directly in volts and dB, with the voltage scale 
uppermost. The Model 400F (Option 01.) with dB scale 
uppermost is recommended for greater resolution in dB 
measurements. 
Battery operation 

The Model 4OOF/FL can be operated from two 35 to 
5 5-volt batteries connected to the rear-panel battery ter- 
minals. This feature is ideal for communications usage or 
when ground loops cause trouble. 

High gain amplifier 

The 400F/FL is also a stable, low-distortion, wideband 
ac amplifier, with a maximum open-circuit gain of 80 dB. 
The ac output is 1 volt rms (full scale) open circuit or 
0.5 volts rms into 600 ohms and is proportional to meter 
indication on the voltage scale. Frequency response is from 
20 Hz to 4 MHz. 

Logarithmic Model 400FL 

Meter Face for 400FL 

The HP 400FL is designed for greater resolution in dB 
measurements. The voltage scale is calibrated to of 
reading accuracy, This instrument is useful for acoustical 
and communications applications. I t  incorporates an H P  
taut-band, mirror-backed, logarithmic meter. A range switch 
changes sensitivity in 10 dB steps which, combined with 
the 1 2  dB scale, provides the overlap desirable in decibel- 
level measurements. 

100 kHz low pass filter 

In order to reduce the effect of unwanted high frequen- 
cies (noise, etc.) on the accuracy of measuring lower fre- 
quency signals, a 100 kHz low-pass filter is provided. I t  
may be activated by a front-panel switch. The filter is 
effective on all ranges but will be of greater use on more 
sensitive ranges, and has 3 dB of attenuation at 100 kHz 
2 5  kHz. 

IOkHz IOOkHz IMHr 
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HP Model 

Voltage range 

Freouencv ranee 

Easy to use 
A front panel range switch which changes sensitivity in 

10 dB steps, combined with the dB calibration of the me- 
ter, permits reading of dBm directly without calibration or 
conversion in the range -92 to + 5 2  dBm (0 dBm = 1 
milliwatt into 600 ohms).  In addition, the 10 dB range 
spacing provides 2 voltage scales so that readings are al- 

ways greater than one-third full scale. This provides the 
highest possible and 

The Voltage Divider Probe ( H P  11074A) with a banana 
post to BNC adapter ( H P  lO l l lA)  provides low input 
capacitance and high input resistance at the point of mea- 
surement when using the 400F/FL. 

Specifications 

400F 400FL 

100 p V  to 300 V full scale, 14 ranges 

20 H Z  - 4 MHz 

Cali bration reads rms value of sine wave; voltage indication proportional 
to absolute average value of applied wave; dB scale -10 to +2 
dB, 10 dB between ranges; 100 divisions on 0 to 1 scale. 

reads rms value of sine wave; voltage indication proportional 
to absolute average value of applied wave; linear dB scale -10 
dB to +2 dB, 10 dB between ranges; logarithmic voltage scales 
0.25 to 1 and 0.8 to 3 ;  120 divisions from -10 to +2 dB. 

300 PV to 300 V RANGES 
Frequency 20 H z  40 H z  100 H z  

* ( 2  + 2 )  

1 M H z  2 M H z  4 M H z  

........................... ............................ ........-....... .......... ........ .... + o  ....... ....... ........ ....... 
i;;if;;i;:’(l + ’ )  :i:i:.: .... + I  -, .............................. .......................... ............................ 

300 p V  - 300 V 
100 p V  Range 

HP MODEL 400FL * 
ACCURACY % Reading 

300 pV to 300 V RANGES 
Frequency 20 H z  40 H z  lOOHz 1 M H z  2 M H z  4 M H z  

< 5MV <30 p V  
<5 pv I <15 p V  

100 PV RANGE 
Frequency 30 H z  bo H z  100 kHa 500 kHz 

4OOF/FL 
Noise* 

Noise referred to input 10000 termination). 
Filter In Filler Out 

~~ 

Note: Noise adds to the signal approximately by the relation: 
Reading = (signalp + (noise)2 
Input impedance: 10 megohms shunted by 25 p F  on the 100 

pV - 300 mV ranges and 10 megohms shunted by 10 pF 
on the 1 V - 300 V ranges. 

Amplifier ac output: 1 V rms open circuit (full scale) and is 
proportional to meter indication on the voltage scale; out- 
put impedance: 600 ohms; frequency response: 20 Hz 
to 4 MHz. 

Recovery from overload: < 2  seconds for 80  dB overload 
(300  v max. input) ,  

Meter response: <0.7  seconds after application of signal. 
AC power: 115  or 230 volts & l o % ,  50 to 1000 Hz, approx. 

Temperature range: 0 to + 5 5 ” C .  
External battery operation: 

5 watts. 

Terminals are provided on rear panel; positive and nega- 
tive voltages between 3 5  V and 5 5  V are required; current 
drain from each voltage is approx. 45 mA. (External 
switching and on/off monitoring should be used for bat- 
tery operation.) 

Weight: net 6 lbs (2 ,7  kg) ,  shipping: 8 lbs ( 3 , 6  kg). 
Dimensions: (standard H P  1-/3 module) 695” high, 5%” 

wide, 11” deep ( 1 6 5 , l  x 130,2 x 279,4 m m ) .  
Price: Model 400F, $275.  

Model 400FL, $285.  
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AC VOLTMETER 
Log meter offers - 100 to + 60 dB measurements 
Model 400GL 

Description 

The 400GL Solid-state AC Voltmeter is a ruggedly built 
precision instrument for measuring ac voltages from 100 
microvolts to 1000 V rms full scale. It covers a frequency 
range from 20 Ht to 4 MHz and has a constant 10 
megohm input resistance on all ranges. Input capacity is 
25  pF  on the 100 pV range to the 100 mV range and 10 pF 
on the 1 volt to 1000 volt range. The instrument is simple 
to operate and gives direct voltage and dB readings. 

The 400GL has k 0 . 2  dB of reading accuracy on a linear 
20 dB logarithmic scale individually calibrated with 100 
divisions. 

The  long-term stability of this instrument is exceptional 
because its calibration is not dependent on active component 
parameters which are subject to aging, The 400GL may also 
be used as a stable, high-gain ac amplifier with up to 80 
dB amplification, 

The specifications in the chart on the next page show this 
compact, lightweight, solid-state voltmeter will give pre- 
mium performance at an economical price, 

The HP 400GL is designed for greater resolution in dB 
measurements and is useful for acoustical and communica- 
tions applications. It incorporates an H P  taut-band, mirror- 
backed, logarithmic meter, For utmost accuracy, the meter 
scale is individually calibrated, using the new HP logarith- 
mic meter calibrator. The  meter scale provides maximum 
readability and t 0 . 2  dB of reading accuracy. The decibel 
scale is more than 4y8" long, and the voltage scale spreads 
across the full length. 

Uses: 

Measure voltages: 20 Hz to 4 MHz, 100 pV to 1000 V 
full scale 

Use as a high-gain AC amplifier (80 dB max.) 

Features: 

Accuracy t0.2 dB 

Fast response 

Switchable 100 kHz low pass filter 

Rapid overload recovery 

Low input capacity (10-25 pF)  

Individually calibrated taut band meter 

Temperature range: 0 to 55OC 

10 megohm input impedance 

Solid state 

Battery operable 

Easy to  use 

A front-panel range switch which changes sensitivity in 
20 dB steps, combined with the dB calibration of the meter, 
permits reading of dB directly without calibration or con- 
version in the range -100 to +60 dB (0 dB=l  volt). 

Figure 2. Meter face on Model 400GL. 

Battery operation 

The  Model 400GL can be operated from two 35 to 55 
volt batteries connected to the rear-panel battery terminals. 
This feature is ideal for communications usage or when 
ground loops cause trouble. 
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20 .4  dB 

High gain amplifier 
In addition, the 400GL provides a stable low distortion, 

high gain, wideband ac amplifier with a maximum open- 
circuit gain of 80 dB. The  ac output is 1 volt rms (full 
scale) open circuit or 0.5 volts rms into 600 ohms and is 
proportional to meter indication on the voltage scale. Fre- 
quency response is from 20 Hz to 4 MHz. 

100 kHz low pass filter 
In order to reduce the effect of unwanted high frequencies 

(noise, etc.) on’the accuracy of measuring lower frequency 
signals, a 100 kHz low-pass filter is provided. The  filter 
may be activated by a front-panel switch and has 3 dB of 
attenuation at 100 kHz t 5  kHz. The  filter is effective on 
all ranges but will be of greater use on more sensitive ranges. 

+0.2 dB 
l t0 .4  dB 

-0.8 dB f0.2 dB 

Specifications 

2 0 . 4  dB 

HP MODEL 400GL 
Accuracy of Reading* 

f0.2 dB 
-0.8 dB 

20.2 dB 

1 mV - 1000 V < 5  pv 

100 pV Range. 

Freqilency 

<30 pV 

30 H z  60 H z  100 kHz  500 kIiz  

100 pV Range < 5  p v  <15 pV 

* *Fo r  i npu t  voltages greater  than 300 volts, the h igh frequency range is 
limited t o  100 kHz. 

Voltage range: 100 pV to 1000 V full scale, 8 ranges. 

Frequency range: 20 Hz to 4 MHz. 

Input impedance: 10 megohms shunted by 25  pF on the 
100 pV - 100 rnV ranges and 10 megohms shunted by 10 
pF on the 1 V - 1000 V ranges. 

Calibration: reads rms value of sine wave; voltage indication 
proportional to absolute average of applied wave; linear 
dB scale -20 to 0 dB. 20 dB between ranges; logarithmic 
voltage scales. 0.1 to 1; 100 divisions from -20 to 0 dB. 

Noise* 

Amplifier ac output: 1 V rms open circuit (full scale) and is 
proportional to meter indication on the voltage scale; 
output impedance 600 ohms. Frequency response 20 Hz 
to 4 MHz. 

AC power: 115 or 230 volts + I O % ,  50 to 1000 Hz, approx- 
imately 5 watts. 

Temperature range: 0 to +55’c. 

External battery operation: terminals are provided on rear 
panel; positive and negative voltages between 35 V and 
55 V are required; current drain from each battery is ap- 
proximately 45 mA. (External switching and on/off mon- 
itoring should be used for battery operation.) 

Note: Noise adds to the signal approximately by the relation: Weight: net: 6 lbs (2,7 k g ) ;  shipping: 9 lbs ( 4  kg) 

Reading = 2/ (signalp + (noisep 

Recovery from overload: < 2  seconds for 80 dB overload 
(1200 V max. input).  

Dimensions: (standard y3 module) 6y2” high, 51/s” wide, 
11” deep (165, l  x 130 x 279,4 m m ) .  

Price: H P  Model 400GL, $290. 
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Voltage range: 

Frequency range: 

400D 400H 

1.0 mV to 300 V full scale, 12 
ranges 

1.0 mV to 300 V full scale, 12 
ranges 

-70 dB to +52 dB in 12 ranges 
1.0 mV to 300 V full scale, 12 ranges 

10 Hz to 4 MHz 

400L 

1 Accuracv: 

Description accuracy ‘of k 2 %  of reading or 2 1 %  of full scale, whichever 

I - - - -  (as % o i  full scale on 
4OOD,DR and 400H,HR) 

is more accurate. The 5” meter is mirror-backed. Model 400D is essentially a low-priced precision voltmeter 
offering wide voltage range, 2% accuracy and the broad fre- 
quency coverage 10 Hz to 4 MHz. 

Model 400H is an adaptation of Model 400D but offering 

Special dB-measuring options 
As normally supplied, Models 400D and 400H read direct 

in volts and dB, with the voltage scale uppermost. For greater 
resolution in dB measuring, these instruments are available as 
Models 400D Option 01, and 400H Option 01 ( $ 2 5  extra) 
with the dB meter scale uppermost. 

individual meter-face calibration and 1% accuracy on an extra 
large 5” mirror-scale meter. 

Model 400L, a logarithmic version of Model 400D, has an 

+2%, 20 Hz to 1 MHz 
+3%, 20 Hz to 2 MHz 
+5%, 10 Hz t o  4 MHz 

Specifications 

+ l%, 50 Hz to 500 kHz 
*2%, 20 Hz to 1 MHz 
+3%, 20 Hz to 2 MHz 
+5%, 10 Hz t o  4 MHz 

*2% of reading or * 1% of full scale, 
whichever is more accurate, 50 Hz to 
500 kHz; *3% of reading or *2% of 
full scale, 20 Hz to 1 MHz;*4% of 
reading or+3% of full scale, 20 Hz 
to 2 MHz;+5% of reading, 10 Hz to 
4 MHz 

I I 400D,DR I 400H,HR I 400L,LR I 

Long-term stability: 

Calibration: 

reduction in Gm of amplifier tubes to 75% of nominal value results in error of less than 0.5%, 50 Hz to 1 MHz 

reads rms value of sine wave; voltage indication proportional to average 
value of applied wave; linear voltage scale 0 to 3 and 0 t o  1; dB scale 
-12 to+2 dB (0 dB = 1 mW in 600ohms); 10 dB interval between ranges 

reads rms value of sine wave; loga- 
rithmic voltage scale 0.3 to 1 and 0.8 
to 3 ;  linear dB scale, -10 dB to +2 
dB (based on 0 dB = 1 mW in 600 
ohms); 10 dB intervals between ranges 

Input impedance: 10 megohms shunted by 15 pF on ranges 1 to 300 V; 25 pF on ranges 0.001 to 0.3 V 

Ampli f ier: outDut aDDrox. 0.15 V max.: internal inmedance 50 ohms: max. gain aDDrox. 150 on 0.001 range 

Dimensions: 

Weight: 

I Power: I 115 or 230 volts+10%, 50 to 1,000 Hz; approx. 80 watts (100 watts for 400 H,L) I 
cabinet mount: 7%“ wide, 11%” high, 12” deep (191 x 292 x 305 mm); 

rack mount: 19” wide, 7“ high, 10%’’ deep behind panel (483 x 389 x 276 mm) 

net 18 Ibs (8,l kg), shipping 19 Ibs (8,6 kg) (cabinet mount); net 21 Ibs (9,45 kg), shipping 31 Ibs (14 kg) (rack mount) 

Price: HP 400D, $250* HP 400H, $325* HP 400L, $325* 
HP 400DR, $255** HP 400HR, $330** HP 400LR, $330** 
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Nominal input 
impedance 

AC VOLTMETERS 
Solid-state, battery-operated, portable 

Model 403A, B 

2 megohms; shunted by approx. 40 pF, 
0.001 t o  0.1 V ranges; 20 pF, 0.3 t o  10 V 
ranges; 15 pF, 30 to 300 V ranges 

Description are minimized, because the meters respond to the average 

Dimensions 

Weight 

Models 403A and 403B AC voltmeters are versatile, gen- 
eral-purpose instruments for laboratory and production work 
and are ideal for use in the field, since they are solid-state, 
battery-operated and portable. 

Both measure from 100 microvolts to 300 volts, the 403A 
covering 1 Hz to 1 MHz and the 403B covering 5 Hz to 
2 MHz.  Both operate from internal batteries and, thus, may 
be completely isolated from the power-line and external 
grounds, permitting accurate measurements at power-line 
frequency and its harmonics, without concern for beat effects. 
Isolation from external ground also permits use where ground 
loops are troublesome. Turnover effect and waveform errors 

8%" wide, 5%" high, 6%" deep (210 x 140 x 
162 mm) x 203 mm) 

net 4% Ibs (2, l  kg); shipping 7 Ibs (3,2 kg) 

5%" wide, 6-3/32" high, 8" deep (130 x 160 

net 6% Ibs (2,9 kg); shipping 10 Ibs (4,5 kg) 

same as 403B 

same as 403B 

value of the input signal. 
The  403B operates from an ac line, as well as from the 

internal battery pack, and batteries recharge during ac op- 
eration. Battery charge may be easily checked with a front- 
panel switch to assure reliable measurements. Normally, 
about 1 5  hours of ac operation recharges the batteries; but 
an internal adjustment is provided which nearly doubles 
the charging rate. You can use the iModel 403B while its 
batteries charge. A sturdy taut-band meter eliminates fric- 
tion and provides greater precision and repeatability. 

For improved resolution in dB measurements, the 403B 
Option 01 is available. This version spreads out the dB 
scale by making it the top scale of the meter. 

Specifications 

I HP Model I 403A I 4038 I 4038 (Option 01.) I 
1 Frequency range I 1 Hz to 1 MHz I 5 Hz to 2 MHz I 5 Hz to 2 MHz I 

Accuracy 

within+3% of lu l l  scale, 5 Hz tc, 500 kHz; 
within +5% of fu l l  scale, 1 to 5 Hz and 
500 kHz to 1 MHz 

within *2% of full scale from 10 Hz to 1 
MHz; within*5% of full scale from 5 to 10 
Hz and 1 to 2 MHz, except* 10% 1 to 2 MHz 
on the 300 V range (0 to 50°C)' 

within 1.0.2 dB of fu l l  scale from 10 Hz to 
1 MHz; w i th ink0 .4  dB of fu l l  scale from 5 
to 10 Hz and 1 to 2 MHz, except +0.8 dB 1 
to 2 MHz on the 300 V range (0 to 50°C)' 

2 megohms; shunted by approx. 50 pF; 
0.001 to 0.03 V ranges; 25 pF, 0.1 to 300 V 
ranges 

same as 403B 

rms on 0.1 V and lower ranges 

l ife approx. 400 hours 

600 V peak, 0.3 to 300 V range; 25 V rms, 
60 V peak, 0.001 to 0.1 V ranges 

4 rechargeable batteries, 40 hours' opera- 
tion per recharge, up to 500 recharging 
cycles; self.contained recharging circuit 
functions during operation from ac line 

same as 4038 

1 Price I $275 I $310 I $335 I 
+Use  lOOOlA 1O:l Divider and lOlllA Adapter t o  re ta in  25% (20.4 dB) accuracy wh i l e  measur ing up t o  425 V rms  at 1 t o  2 MHz. 

For all models: 
Range: 0.001 to 300 V rms full scale, 12 ranges. 
Meter: responds to average value of input waveform, calibrated in the rms value of a sine wave. 
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RMS VOLTMETER 
Fast, accurate true rms measurements 
Model 3400A 

Description 
Fast, accurate rms measurements 

H P  Model 3400A RMS Voltmeter is a rugged precision in- 
strument which measures the actual root-mean-square value of 
ac voltages which are between 100 ,$V and 300 V rms and in 
the frequency range 10 Hz to 10 MHz. These voltages may be 
sinusoidal or nonsinusoidal and have crest factors (ratio of 
peak to rms) as high as 10 at full-scale deflection and as high 
as 100 at 10% of full-scale deflection. The ability of the H P  
3400A to accept waveforms having such large crest factors in- 
sures that your measurements will be accurate, even when mea- 
suring nonsinusoidal waveforms, such as noise and pulse trains, 
without the need for correction factors. Model 3400A with- 
stands overloads of 30 dB (or 800 V peak, whichever is less) 
on each range. This reduces the possibility of damage to the 
instrument, and protective circuitry prevents thermocouple 
burnout. 

Model 3400A is extremely simple to operate because it re- 
quires no zero-set control and voltages are read from a linear 
voltage scale or in dBm. The voltmeter’s 10 megohm input 
resistance minimizes circuit loading. 

Versatility 
Model 3400A supplies a dc voltage from a rear panel con- 

nector that is proportional to the rms value of the input signal. 
Because of the high stability and linearity of this dc signal, it 
may be used to drive accessory equipment such as X-Y and 
strip-chart recorders for permanent records and plots, or to 
drive a digital voltmeter such as the H P  Model 3440A for high- 
resolution measurements. 

You can also measure the rms value of an ac current merely 
by using the H P  Model 456A Current Probe. The jaws of the 
456A, which sample the magnetic field about a conductor, are 
simply ‘clamped around the conductor without breaking the 
circuit and do not disturb the measured circuit. Model 456A 
produces a 1 mV output for a 1 mA input; consequently the 
3 IOOA’s scales may be read directly without scale conversion. 

Specifications 
Range: 12 full scale ranges from 1 mV to 300 V in a 1, 3, 10 

sequence. -72 to + 52 dBm. (Usable indications to 100 PV.) 

Meter scales: voltages: 0.1 to 1 and 0.3 to 3.2. Decibel, -12 
to + 2  dBm ( OdBm = 1 mW, 600 ohms).  Scales are indi- 
vidually calibrated to the meter movement. 

Frequency range: 10 Hz to 10 MHz. 

Accuracy: within ?I% of full scale, 50 Hz to 1 MHz. Within 
& 2 %  of full scale from 1 to 2 MHz. Within 1-370 of full 
scale, 2 to 3 MHz. Within 2 5 %  of full scale, from 10 to 
50 Hz and from 3 to 10 MHz. (Usable readings to 5 Hz 
and 20 MHz.’, 

Response: responds to rms value (heating value) of the input 
signal for all waveforms. 

Crest factor: (ratio of peak amplitude to rms amplitude) : 10 
to 1 at full scale (except where limited by maximum input) 
inversely proportional to pointer deflection, e.g., 20 to 1 at 
half-scale, 100 to 1 at tenth scale. 

Maximum input: ac: 800 volts peak; dc: 600 volts. 

Input impedance: from 0.001 V to 0.3 V range: 10 megohms 
shunted by 40 pF. From 1.0 V to 300 V range: 10 megohms 
shunted by 15 pF. 

Response time: typically < 2  sec. to within 1% of final value 
for an up-scale step change. 

Overload: 30 dB or 800 volts peak, whichever is less, on each 
range. 

Output: negative 1 V dc open circuit at full-scale deflection, 
proportional to pointer deflection. (From l O - l O O %  of full 
scale.) 1 mA maximum nominal source impedance is 1000 
ohms. 

Power: 115 or 230 V &lo%, 50 to 1000 Hz, approximately 
7 watts. 

Dimensions: 5 %  in. wide, 61/2 in. high, 11 in. deep (1/3 
module). (130 x 165 x 279 mm.) 

Weight: net: 7 %  Ibs (3,3 kg ) ;  shipping: 10 Ibs (4,5 kg).  

Accessories furnished: 1OllOA Adapter, BNC to dual banana 
jack. 

Accessories available: 11OOlA Cable, 45 in. long, male BNC 
to dual banana plug, $5.50. 1050314 Cable 4 ft. long, male 
BNC connectors, $6.50. 11002A Test Lead, dual banana plug 
to alligator clips, $7.50. 11003A Test Leads, dual banana plug 
to probe and alligator clip, $10. 
H P  Model 456A AC Current Probe, 1 mV/1 mA, $190. 

Options: 
H P  Model 3400A (Option 01) spreads out the dB scale by 
making it the top scale of the meter. $25 extra. 

Price: H P  3400A, $525 
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Description 
Two linear voltage scales in a 1 :3  ratio and millivolt 

sensitivity up to 1 GHz set the H P  Model 411A RF Milli- 
voltmeter apart from previous rf voltmeters. Its temperature- 
compensated probe results in low drift, even on the most 
sensitive range, so that you can measure millivolts of rf 
energy conveniently and with confidence. Model 411A 
simplifies your measurements of voltage from 0.5 to 1000 
MHz. 

Full-scale sensitivity from 10 millivolts full scale to 10 
volts full scale is selected in seven lo-dB steps, so that most 
measurements may be made in the upper two-thirds of the 
scale for greater accuracy. Further, you can read dB directly 
from -42 to + 3 3  for convenient gain measurements. Ac- 
cessory probe tips suit it for measurements in many different 
kinds of circuits. 

Further, an output is provided for galvanometer record- 
ing, Five probe tips have been designed for use with the 
411A, ranging from the BNC open circuit probe tip, fur- 
nished with the instrument, to a pen-size probe having re- 
tractile alligator jaws for probing conveniently into restricted 
areas. The probe tips, available individually, are offered 
along with a spare diode cartridge as a complete set in a 
compact kit; it provides an immediate and versatile selection 
to meet all measurement requirements normally encountered. 

Specificat ions 
Voltage range: 10 mV rms full scale to 10 V rms full scale 

in 7 ranges; full-scale readings of 0.01, 0.03, 0.1, 0.3, 
1, 3 and 10 V rms. 

Frequency range: 500 kHz to 1 GHz with accessory probe 
tips; usable indications to 4 GHz. 

Accuracy: 500 kHz to 50 MHz, k 3 7 0  of full scale; 50 MHz 
to 150 MHz, k 6 %  of full scale; 150 MHz to 1 GHz, 
t 1 dB (using appropriate probe t ips) .  

Meter scales: two linear voltage scales, 0 to 1 and 0 to 3, 
calibrated in the rms value of a sine wave; dB scale, cali- 
brated from + 3  to -12 dB; 0 dB = 1 m W  in 50 ohms. 

Input resistance: depends on probe tip, frequency and input 
voltage; typically 200 k ohms at 1 MHz and 1 V rms. (For 
specific information contact your local Hewlett-Packard 
sales office). 

Probe tip furnished: 11025A BNC Open Circuit Probe Tip, 
500 kHz to 500 MHz;  shunt capacity, less than 5 pF;  
maximum input, 200 V d c  and 30 V a c  p-p; input re- 
sistance at 10 MHz, typically 80 k ohms. 

Probe tips 
Accessories available at additional cost: 

11022A Pen Type Probe Tip,  500 kHz to 50 MHz;  
shunt capacity, less than 5 pF;  maximum input, 200 
V dc and 30 V ac p-p; input resistance at 10 MHz, 
typically 80 k ohms. $25. 

11023A V H F  Probe Tip, 500 kHz to 250 MHz;  shunt 
capacity, less than 2.5 pF;  maximum input, 200 V dc 
and 30 V ac p-p; input resistance at 10 MHz, typi- 
cally 80 k ohms. $30. 

110244  Type N “Tee” Probe Tip, 1 MHz to 1 GHz;  
swr is less than 1.15 when terminated in 50 ohms; 

11027A ’ ”“ ’ 

maximum input, 10 V d c  and 30 V a c  p-p to 250 
MHz and 1 5  V ac p-p from 250 MHz to 1 GHz. $40. 

11026A 100:1 Capacity Divider Probe Tip,  500 kHz 
to 250 M H z ;  division accuracy, kl%; shunt capac- 
ity: 2 pF;  maximum input: *lo00 volts peak (dc 
+peak ac) .  $35. 

Probe kit: 11027A Accessory Probe Kit includes the 
11022A, 11023A, 11024A, 11026A Probe Tips and a 
replacement diode cartridge, 5082-5004, in a conve- 
nient storage case. $152.50, 
50-ohm termination : 908A Coaxial Termination, $35. 

Galvanometer recorder output: proportional to meter deflec- 
tion, 1 mA into 1000 ohms at full scale deflection. 

Power: 115 or 230 volts + lo%,  50 to 60 Hz, 35 watts. 
Dimensions: cabinet: 113/” high, 7$”” wide, 12” deep (298 

x 191 x 305 m m ) .  Rack mount: 6-31/32” high, 19” 
wide, 103/’’ deep behind panel (177 x 483 x 264 m m ) .  

Weight: cabinet: net 12 Ibs (5 ,4  kg) ,  shipping 1 5  Ibs (6 , s  
k g ) .  Rack mount: net 1 5  lbs (6,8 k g ) ,  shipping 25  lbs 
(11,3 kg) .  

Price: H P  411A, $450. H P  411AR, $455. 
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Description 
Absolute average readings (calibrated in rms of a sine 

wave) of high frequency signals previously impractical can 
now be made easily with the H P  3406A Sampling Volt- 
meter. Employing incoherent sampling techniques, the H P  
3406A has extremely wide bandwidth ( 4  kHz to 1 . 2  GHz)  
with high input impedance. Signals as small as 50 pV can 
be resolved on the sampling voltmeter’s linear scale. Full 
scale sensitivity from 1 mV to 3 V is selected in eight 10 
dB steps and may be read directly from -62 dBm to $23  
dBm for  power measurements. Accessory probe tips make 
the H P  3406A suitable for voltage measurements in many 
applications such as receivers, amplifiers and coaxial trans- 
mission lines. 

Measurement indications can be retained on the 3406A 
meter by depressing a push-button located on the pen-type 
probe, This feature is useful when measurements are made 
in awkward positions where the operator cannot observe the 
meter indication and probe placements at the same time. 
Other features include a dc recorder output and sample hold 
output for connection to oscilloscopes, and peak or true rms 
voltmeters if other than absolute average measurements are 
required. 

Retain measured indication 
The H P  3406A has a pushbutton located on the pen-type 

probe to retain the meter indication when the probe is re- 
moved from the circuit. When the pushbutton is released 
the 3406A is made operational to make another measurement. 
This feature makes possible measurements in awkward po- 
sitions, where it is difficult to place the probe in the circuit 
under test and at the same time read the meter. 

DC recorder output 
A dc output is available at the rear panel which is pro- 

portional to the meter deflection. The output may be adjusted 
for any full scale value from 0 to 1.2 volts into a 1000 
ohm load. 

Linear voltage scales 

i R.Y.S. VOLTS 

I n t: W L I T T @  S A C K A R O  

Two linear voltages scales display the eight ranges of sensi- 
tivity. The  two scales calibrated from 0 to 1 and 0 to 3, per- 
mit convenient measurement in the upper two-thirds of the 
scale and the convenience of 10 dB separation. A calibrated 
dB scale is also provided. Voltage measurements of <50 
pV may easily be read on the linear meter scale. (Note 
shaded area on the meter scale shown above), 

Internal calibrator 
A front panel calibrator permits calibration when acces- 

sories are used with the probe without the need for external 
standards. For zero adjustments, when the calibrate push- 
button is not engaged, the pencil probe is automatically 
shorted when inserted in the front panel calibrate receptacle. 

Fast recovery from overloads 
The HP 3406A responds rapidly from overload. Over- 

loads of 1ooO:l on the 1 mV range to 10:1 on the 3 V 
range will not damage the instrument. 

Sample hold output 
Peak or true rms measurements from < l o  kHz to 

>1 GHz may be obtained by connecting a peak or true 
rms reading instrument to the sample hold output connection 
on the rear of the 3406A. The HP 3406A will indicate the 
absolute average value of the input signal calibrated in rms 
of a sine wave. If an oscilloscope is connected to the sample 
hold output, peak measurements can be made. Likewise, 
true rms measurements can be obtained by using an H P  
3400A. Other applications may include statistical descrip- 
tions (amplitude density function) of input ac waveforms 
by performing a pulse height analysis of the sample hold 
output. The  envelope of amplitude modulated carriers 
( < 1 kHz for good resolution) can also be recovered directly 
at the sample hold terminals. 

The ability of the sampling voltmeter to accept wave- 
forms having large crest factors insures accuracy when 
measuring nonsinusoidal voltage. 
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Specifications 
Voltage range: 1 m V  to 3 V full scale in 8 ranges; decibels 

from -50 to + 2 0  dBm ( 0  dBm = 1 , m W i n t o  5 0 0 ) ;  
absolute average-reading instrument calibrated to rms 
value of sine wave. 

Frequency range: 10 kHz to 1 GHz;  useful sensitivity from 

Full-scale accuracy with calibrator: t 3 Y o o ,  100 kHz-100 

1 kHz to beyond 2 GHz. 

M H z ;  &57c ,  25 kHz-700 M H z ;  t 8 % , 1 0  kHZ-1 
GHz;  k1 dB, 4 kHz-1.2 GHz. 

Input impedance: 100,000 ohms at 100 kHz. Capacity ap- 
prox. 2 pF. Input capacity and resistance will depend 
upon accessory tip used (approx. 8 pF with 11072A 
isolator tip supplied). 

Sample Hold Output 
Provides ac signal whose unclamped portion has statistics 

that are narrowly distributed about the statistics of the input, 
inverted in sign (operating into > Z O O  k n  load with < 1000 

Noise: typically 175 p,V rms. 

Accuracy with calibrator: 0.01 V range and above: same as 
full scale accuracy of instrument. 

0.001 V to 0.003 V range: value of input signal can be com- 
puted by taking into account the residual noise of the 
instrument. 

Jitter: typically t 2 %  peak of reading (with H P  3400A 

Crest factor: 0.001 V to 0.3 V, 20 dB; 1 V, 1 3  dB; 3 V, 

Meter scales: linear voltage, 0 to 1 and 0 to 3; decibel, -12 

Response time: indicates within specified accuracy in < 3 

Jitter: i 1 % peak (of reading) 

P F ) .  

True RMS Voltmeter). 

3 dB. 

to + 3. Individually calibrated taut-band meter. 

sec. 

General 

DC recorder output: adjustable from 0 to 1 .2  mA into 1000 
ohms at full scale, proportional to meter deflection. 

Overload recovery time: meter indicates within specified ac- 
curacy in < 5 sec (30 V p-p max.) . 

Maximum input: *io0 V dc, 30 V p-p. 

Temperature range: instrument, O°C to + 55OC; probe, 

Power: 115 or V F 1 0 7 ~ ~  50 Hz to 1000 Hz, approximately 

Dimensions: 87/s” wide, 6y2“ high, 11y2” deep (225 x 

Weight: net 1 2  lbs (5 ,4  k g ) ;  shipping 14 Ibs (6 ,4  k g ) .  

Price: H P  3406A, $650. 

+ lO°C to +4OoC. 

17 watts, 

165 x 292 mm) ; 1/2 module. 

Accessories furnished: 11072A isolator tip. Eliminates the 
effect of source impedance variations when the 11063A 
“T” is not used. 8710-0084 nut driver for tip replace- 
ment, 5020-0457 replacement tips; 10213-62102 ground 
clips. 

Accessories available: a complete line of available accessories 
provides an immediate and versatile selection to meet all 
measurements normallv encountered. 

11064A Probe Kit 

11064A basic probe kit: consists of the following: l lO63A 
50-ohm “T”; l l 0 6 l A  10:1 divider tip; 10218A BNC 
adapter; (0950-0090) 50-ohm termination; 1021 3- 
62102 ground clips ( 2  ea . ) ;  5020-0457 probe tips 
( 5  ea . ) ;  5060-4991 ground leads (2 ea.). Price: H P  
1 1 0 6 4 4  $100. 

11071A probe kit: consists of all the above plus: 11073A 
pen type probe (with 11073,62101 ground lead);  
10219A type 874A adapter; 10220A microdot adapter; 
5060-0417 pincer jaw; 5060-0418 pin tip; 5060-0419 
hook tip; 5060-0420 spring tip; 1251-0013 banana 
tip. Price: H P  11071~4,  $185. 

11061A 1O:l divider: as well as dividing the input voltage 
by a factor of ten, this accessory eliminates the effects 
of source impedance variations. Accuracy (divider 
alone):  i s % ,  1 kHz to 400 kHz; k 1 2 % ,  400 MHz 
to 1 GHz. Max. input: 150 V p-p ac; 600 V dc. Price: 
H P  l l 0 6 l A ,  $35. 

11063A “T”: should be used whenever measurements are 
made in 50-ohm systems. VSWR: <1.15 at 1 GHz 
(bare probe in tee) .  Useful to about 1 . 5  GHz. Inser- 
tion power loss: < 4 %  up to 1 GHz. Price: H P  
11063~4,  $55. 

11072A isolator: essentially eliminates effects of source 
impedance variations. Increases probe capacitance by 
approximately 6.5 pF. Recommended frequency range 
is 10 kHz to 250 M H t .  (Furnished with instrument.) 
Price: H P  11072A, $15. 

11073A pen-type isolator: recommended frequency range 
is 10 kHz to 50 MHz. Various accessories adapt the 
11073A to alligator jaws and other tips which facilitate 
point-to-point measurements (increases probe capaci- 
tance by approx. 7 p F ) .  Price: H P  11073A, $45. 

10218A probe-to-male BNC adapter: recommended fre- 
quency range is 10 kHz to 250 MHz. Price: H P  
10218A, $6. 
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ELECTRON IC VOLTMETER 
Zero drift multi-function meter 

Model 410C 

410C 

MU LTI FU N CTlON VOLTMETERS 
Models 410C, 410B 

Description 

The H P  Model 410C is an extremely versatile general- 
purpose instrument for use anywhere electrical measurements 
are made. This one instrument measures: dc voltages from 
1 5  m V  to 1500 volts, direct current from 1.5 nanoamps to 
150 mA, and resistance from 0.2 ohm to 500 megohms. 
With a standard plug-in-probe, ac voltages at 20 Hz to 700 
MHz from 50 mV to 300 volts and comparative indications 
to 3 GHz are attainable. 

These measurements are made with laboratory precision 
previously not available in a single instrument. The  versatile 
easy-to-use H P  410C will be valuable in any laboratory, pro- 
duction line, or service department. 

Specifications 
DC voltmeter 

Voltage ranges: +15  mV to +1500 v full scale in 15 ,  50 

Accuracy: & 2 %  of full scale on any range. 

Input resistance: 100 megohms 

sequence ( 1  1 ranges). 

on 500 mV range 
and above. 
10 megohms *3% on 1 5  mV, 50 mV, and 150 mV 
ranges. 

DC ammeter 
Current ranges: k 1 . 5  ,,,.A to 2 1 5 0  mA full scale in 1 .5 ,  

Accuracy: a 3 %  of full scale on any range. 

Input resistance: decreasing from 9 k ohms on 1.5 pA 
scale to approximately 0.3R on the 150 mA scale. 

Special current ranges: t 1 . 5 ,  - ~ 5  and t 1 5  nanoamps 
may be measured on the 15, 50, and 150 millivolt ranges 
using the voltmeter probe, with + 5 %  accuracy and 10 
megohm input resistance. 

5 sequence (1 1 ranges). 

Ohmmeter 
Resistance range: resistance from 10 ohms to 10 megohms 

Accuracy: zero to midscale: +5% of reading or + 2 %  of 

center scale ( 7  ranges). 

midscale, whichever is greater. 
27% of midscale to scale value of 2.  
* 8 %  from scale value of 2 to 3. 
t9% from scale value of 3 to 5. 
+IO% from scale valueof 5 to IO. 

Amplifier 
Voltage gain: 100 maximum. 

AC rejection: 3 dB at 1/* Hz; approximately 66  dB at 50 
Hz and higher frequencies fo r  signals less than 1600 V 
peak or 30 times full scale, whichever is smaller. 

Isolation: impedance between common and chassis is > 10 
meg in parallel with 0.1 pF. Common may be floated 
up to 400 V dc above chassis for dc and resistance 
measurements. 

Output: proportional to meter indication; 1.5 V dc at full 
scale, maximum current, 1 mA. 

Output impedance: less than 3 ohms at dc. 

Noise: less than 0.5% of full scale on any range (p-p) . 
DC drift: less than 0.5% of full scale/year at constant tem- 

Overload recovery: recover from 100: 1 overload in < 3 sec. 
perature. Less than 0.02% of full scale/"C. 

AC voltmeter 
Ranges: 0.5 V full scale to 300 V in 0.5, 1.5, 5 sequence 

( 7  ranges). 

Accuracy: 2 3 %  of full scale at 400 Hz for sinusoidal 
voltages f rom 0.5 to 300 V rms. The  ac probe responds 
to the positive peak-above-average value of the applied 
signal. 

Frequency response: +2% from 100 Hz to 100 M H z  
(400 Hz ref.) 2 1 0 %  from 20 Hz to 100 Hz and from 
100 M H z  to 700 MHz. 

Frequency range: 20 Hz to 700 MHz. 
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Input impedance: input capacity 1.5 pF, input resistance 
> 10 megohms at low frequencies. At high frequencies 
impedance drops off due to dielectric loss. 

Safety: the probe body is grounded to chassis at all times 
for safety. All ac measurements are referenced to chassis 
ground. 

Meter: individually calibrated taut-band meter. Responds 
to positive peak-above-average. Calibrated in rms volts 
for sine wave input. 

General 

ranges; 1600 V on higher ranges. AC: 100 times full 
scale or 450 V peak, whichever is less. 

Power: 115 or 230 V +lo%.  50 to 1000 Ht, 1 3  watts 
(20 watts with l l 0 3 6 A  AC Probe).  

Dimensions: 6y2” high, 51/sff wide, 11” deep (165 x 
130,2 x 320,7 mm) behind panel. Fits 5060-0797 Rack 
Adapter and 1050 Series combining cases. 

Weight: net 8 lbs (4,O k g ) ;  shipping approx. 1 2  lbs 

Accessories furnished: detachable power cord, NEMA 
(5,44 k g ) .  

Plug. 
Maximum input: (see Overload Recovery) DC:  100 V on 

15, 50, and 150 m V  ranges; 500 V on 0.5 to 1 5  V 
Option 02: HP Model 410C less AC Probe. 
Price: H P  410c ,  $425; Option 02, $375. 

VACUUM TUBE VOLTMETER 
All-purpose instrument measures to 700 MHz 

Model 410B 

410B 

Description 

Because of the large number of tasks it will perform, the 
410B Vacuum Tube Voltmeter can play a uniquely valuable 
role in any laboratory, broadcast station or production test 
department. I t  combines in one instrument an ac voltmeter 
covering the frequency range from audio to radar frequen- 
cies, a dc voltmeter with 100 megohms input impedance, 
and an ohmmeter capable of measuring resistance, 0.2 ohm 
to 500 megohms. It is easy to use, compact, and lightweight. 

Specifications 
AC voltmeter 

Range: 1 to 300 V full scale, 6 ranges. 

Frequency range: 20 Hz to 700 MHz.  

Frequency response: flat within +- 1 dB to 700 MHz,  drops 
off less than 1 dB at 20 Hz; indications obtainable to 
3000 MHz. 

Input impedance: input capacity 1.5 pF, input resistance 
10 megohms at low frequencies; at high frequencies 
resistance drops off due to dielectric loss. 

DC voltmeter 
Range: 1 to 1000 V full scale. 
Input resistance: approx. 122 megohms, all ranges. 

Range: 0.2 ohm to 500 megohms in 7 ranges; midscale 
readings of 10, 100, 1000, 10,000, ~ 0 0 , 0 0 0  ohms, and 
1 and 10 megohms. 

Accuracy: k1i1 at midscale on Rxl;  others *5% at mid- 
scale. 

Ohmmeter 

General 
Accuracy: t 3 %  of full scale, all ranges, on sinusoidal ac 

voltages and dc voltages; ac portion of instrument is 
peak-responding, calibrated in rms volts. 

Power: 115 or 230 V &lo%,  50 to 1000 Hz, 40 W. 
Dimensions: cabinet, 7%” wide, 111/2ff high, 8%‘’ deep 

(187 x 292 x 223 m m )  ; rack mount, 19” wide, 63/4” 
high, 6” deep behind panel (483 x 172 x 152 m m ) .  

Weight: net 12 Ibs (5 ,4  k g ) ;  shipping 13 lbs (5 ,9  kg)  
(cabinet); net 1 2  lbs (5,4 k g ) ;  shipping 19 Ibs (8 ,6  
kg)  (rack mount) .  

Accessories available: 11039A Capacitive Voltage Divider, 
25  kV max., $150, requires 11018A Adapter, $35; 
11040A Capacitive Voltage Divider, 2 kV max., $35; 
11042A Probe Coax T Connector for Type “N” sys- 
tems, $50; l l 0 4 3 A  Probe Coax N Connector adapts to 
Type “N” systems, $37.50; 11044A D C  Divider, 30 
k V  max., $50. 

Price: H P  410B, $245 (cabinet). H P  410BR, $265 (rack 
mount).  
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Range 
.01 V-30 V 

100 v-300 v 

i 

+2% of full scale 
10 Hz-1 MHz 

10 Hz-100 kHz 

Features: 
Multiple function 
Ten ranges of ac voltage measurements 
Nine ranges of dc voltage measurements 
Seven ranges of ohms measurements 
10 megohm input impedance 
Floating input 
All solid state 
Battery operation 
AC line and battery operation with Option 01 
Taut band meter individually calibrated 

Description 
T h e  new all solid-state Hewlett-Packard 427A Voltmeter 

offers a broad measuring capability at moderate cost. This 
instrument measures: dc voltages from 100 mV full scale 
to 1 kV full scale, ac voltage from 10 mV full scale to 300 V 
full scale, and resistance from 10 ohms center scale to 10 
megohms center scale. A dBm scale is included and is 
calibrated so that 0 dBm is 1 m W  into 600 ohms. 

This versatile H P  427A will be valuable in any labora- 
tory, production line, service department, or in the field. 
Operation is from one internal battery, a 2254 volt dry cell, 
which provides more than 300 continuous hours of typical 
operation. AC line and battery operation is available as an 
option. 

Low zero drift and maintenance of calibration of the 
circuit are retained when making measurements so that only 
an occasional adjustment of the zero control is needed. 

Specifications 
DC Voltrneter 

Voltage ranges: k100 mV to t l O O O  V full scale in a 1, 3, 

Accuracy: +2% of full scale on any range (0.C to 5OOC). 
Input resistance: 10 megohms on all ranges. 
AC rejection: superimposed peak ac voltages 100 times great- 

er than full scale affects reading less than 1% for 60 Hz 
and above, 450 volts peak maximum. 

10 sequence (9 ranges), 

Overload: 1200 V dc on any range. 

Open Circuit Short Circuit 
Range Voltage Current 
x 10 0.1 v 10 mA 
x 100 0.1 v 1 rnA 
X 1  k 1 v  1 mA 1 

AC Voltmeter 
Voltage ranges: 10 mV to 300 V rms full scale in a 1, 3, 10 

sequence ( 10 ranges) , 
Frequency range: 10 Hz to 1 MHz.  
Accuracy: (0.C to 5OOC). 

X 10 k 
X 100 k 
X 1 M  
x 10 M 

1 v  100 pA 
1 v  10 MA 
1 v  1 M A  
1 v  0.1 uA 

Ohmmeter 
Resistance ranges: 10 ohms center scale to 10 megohms cen- 

ter scale ( 7  ranges). 
Accuracy: k 5 %  of reading at midscale (OOC to + 5 0 ° C ) .  

General 
Floating input: may be operated up to 500 V dc aboveground. 

(Ohms input open in any function except ohms-volts 
input open when instrument is in off position). 

Power: 22y2 volt dry cell battery. (non-rechargeable Ever- 
eady No. 763 or  RCA VS102).  
Option 01: battery operation and ac line operation (se- 

lectable on rear panel) .  115 or  230 V +20%, 50 Hz 
to 1000 Hz, ‘/2 W. 

Weight: net, 51/4 Ibs (2,36 k g ) ;  shipping: 7 Ibs (3,2 k g ) .  
Dimensions: 5y8” wide, 6-3/32” high, 8” deep (130,2 x 

Price: HP 427A, $195, H P  427A Option 01, $230. 
154,8 x 203,2 m m ) .  
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AUTOVOLTMETER 
Automatic voltage and resistance measurements 

Model 414A 

Features: 
Measure 5 mV f.s. to 1500 Vdc f.s. linear volts/ohms 

Select voltage or resistance, . , ranging automatic 
scale 

Description 
A new 12-range all solid-state dc volt-ohmmeter from 

Hewlett-Packard gives accurate measurements immediately 
with automatic range selection. Operation is simply touch 
and read. The  Model 414A Autovoltmeter selects correct 
range and polarity less than 300 milliseconds after contact 
is made, displaying both range and polarity in illuminated 
characters. 

D C  voltages can be measured at sensitivities from 5 milli- 
1,olts to 1500 volts full scale. Accuracy is rt (0.5% of 
reading +0.57~ of full scale) on the mirror backed, indi- 
vidually calibrated taut-band meter. Input resistance is 10  
megohms on  the 5 m V  and 15 m V  range increasing to 100 
megohms on the 50 millivolt range and above. 

Resistance is presented on linear scale with full-scale 
ranges from 5 ohms to 1 . 5  megohms which are automatically 
identified on the panel. Current through the unknown is 
1 milliampere up to 5 k ohms, 1 microampere above 5 k 

ohms. Accuracy is rt ( 1 %  of reading +0.5% of full scale) 
on all ranges. 

The  HP Model 414A was designed to serve bench and 
production operations where measurements over a wide range 
are taken in rapid succession, It offers speed and convenient 
analog analysis at low cost. 

Auto-ranging 
Range changing decisions are based on two preset signal 

levels; one near full scale deflection, and the other near ‘/4 
full scale. An amplitude comparator produces an “up” range 
signal whenever the input voltage tends to rise above the 
level which is near full scale, and a “down” range signal 
whenever the input voltage tends to fall below the level near 
‘/4 full scale. 

Range switching and indication logic consists of a set of 
four solid state multivibrators which define the twelve ranges 
of the instrument. The  ohmmeter function employs a feed- 
back-stabilized current source which allows the use of a linear 
ohms scale and avoids a special meter scale for resistance 
measurements. The  resulting meter scales are easy to read. 

Specifications 
DC voltmeter 

Voltage range: _ t 5  millivolts to 2 1 5 0 0  v full scale in 

Accuracy: 2 ( 0 . 5 F  of reading f0.570 of full scale). 

Input resistance: 100 megohms on 50 mV range and 
above. 10 megohms on 5 and 15 m V  ranges, 

Superimposed ac rejection: in manual mode, insensitive 
to 60 Hz  signal with peak value less than 7 times full 
scale dc level of range in use. In  auto mode, insensitive 

twelve ranges. (Manual or auto-ranging, ) 

414A 

to 60 Hz signal with peak value less than 207~ of dc 
being measured. 

Ohmmeter (linear scale) 

Resistance range: 5 ohms to 1 .5  megohms in 1 2  ranges 

Accuracy: t (1% of reading +0.5% of full scale). 
Source current: u p  to 5 k ohms 1 mA; above 5 k ohms 

(manual or auto-ranging with linear scale). 

1 PA. 

General 

Automatic range selection: automatically selects correct 
voltage and resistance range in less than 300 millisec- 
onds. 

Manual range selection: down-ranges one range each time 
down range button is pressed. Starts over at 1500 volts 
from 5 mV range. 

Polarity selection: automatic in either manual or auto mode. 
Meter: individually calibrated taut-band meter with mirror 

scale. Linear scales 0 to 5 and 0 to 15. 
Isolation resistance: at least 100 megohms shunted by 0.1 

pF between common terminal and case (power line 
ground) .  

Floating input: may be operated up to 500 V d c  above 
ground. 

Power: 115 or 230 volts * lo%,  50 to 1000 Hz. Approx. 
18 watts. 

Dimensions: ( y2 module), 6-18/32“ high, 7-25/32” 
wide, 12” deep (167 x 197 x 305 m m ) ,  

Weight: net: 10% Ibs (4,6 k g ) ;  shipping: 13  Ibs (6 ,4  k g ) .  
Price: HP 414A, $650. 
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DC VO LT- 0 H M - A M  M ETER 
1% accuracy vtvm is also ohmmeter, ammeter 
Model 41 2A 

Description 
The H P  Model 412A is a multipurpose meter designed 

to measure dc voltage, current, and resistance with labora- 
tory accuracy and yet be of great utility in production-line 
test-bench work. Simplicity of operation and low cost permit 
its use wherever dc measurements are made. 

Model 412A may also be used as a stable 60 dB amplifier 
which has an output proportional to meter indication. 

There are only three controls; a lever-type function se- 
lector, a 13-position range switch, and a lever-type polarity 
switch. The  extreme stability of the 412A makes it easier 
to use by eliminating the need for constantly re-zeroing the 
meter, The  stability of the H P  412A is such that the usual 
front-panel, zero-set control has been eliminated. 

The  precision six-inch meter has two scales used for both 
voltage and current and a third scale which is calibrated in 
ohms, Further, the meter face has a mirror back for greatest 
accuracy in reading. 

Features: 

Versatile, measures voltage, resistance, current 
Floating input 
High input resistance 
Use as a 60 dB amplifier 
Individually calibrated meter eliminates tracking error 

Specifications 
Voltmeter 

Voltage range: pos. and neg. voltages from 1 m V  to 1000 

Accuracy: t 1 % of full scale on any range. 
Input resistance: 10 megohms t 1 %  on 1 mV, 3 m V  and 
10 m V  ranges; 30 megohms t l %  on 30 m V  range; 
100 megohms on 100 m V  range; 200 megohms 

V full scale, 13  ranges. 

on 300 m V  range and above. 

Ammeter 

Current range: pos. and neg. currents from 1 ;LA to 1 A 

Accuracy: k 2 7 ~  of full scale on any range, 
Input resistance: decreasing from 1000 ohms on 1 

full scale, 13  ranges. 

scale to 0.1 ohm on 1 A scale. 

Ohmmeter 
Resistance range: resistance from 1 ohm to 100 megohms 

Accuracy: t 5 %  of reading, 0.2 ohm to 500 megohms; 
of reading, 0.1 to 0.2 ohm and 500 megohms 

center scale, 9 ranges, 

to 5000 megohms. 

Amplifier 

Voltage gain: 1000 maximum, 
DC bandwidth: dc to 0.7 Hz on 100 pV range and above. 
Output: proportional to meter indication; 1 V at full scale; 

max. current, 1 mA (full scale corresponds to 1 on 
upper scale). 

Output impedance: less than 2 ohms at dc. 

Noise: less than 2.0 pV rms (typically less than 1 5  pV 

Drift: negligible. 

Common mode rejection: may be operated up to 500 V dc, 

Power: 115 or 230 volts & l o % ,  50 to 60 Hz, 35 watts. 

Dimensions: cabinet: 111/2’’ high, 795’’ wide, 10’’ deep 
(292 x 191 x 2 5 4 m m ) ;  rackmount:  5-7/32” high, 19” 
wide, 7y2” deep behind panel (134 x 483 x 191 m m )  . 

Weight: net:  1 2  Ibs (5,5 k g ) ;  shipping: 14  lbs (6 ,4  kg)  
(cabinet); net 12 Ibs (5 ,5  k g ) ;  shipping: 20 lbs (9,l 
kg) (rack mount) .  

p -p)  referred to the input. 

General 

or 130 V ac above ground. 

Price: H P  412A, $400 (cabinet). 
H P  412AR, $405 (rack mount ) .  
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DC M ICROVOLT-AM METER 
Portable with direct reading of 1 pA and 1 pV 

Model 425A 

Description 
Hewlett-Packard 42 5A DC Microvolt-Ammeter makes 

measurements of extremely small dc voltages and currents, 
even in the presence of relatively strong ac signals. 

Since the 425A measures dc voltages from 1 p V  to 1 V 
and dc currents from 1 pA to 3 mA, it is an extremely use- 
ful  tool in all branches of scientific measurement. For ex- 
ample, it can be used to study nerve potentials for the 
biologist and medical researcher, to study chemically gener- 
ated emf, minute voltages in thermocouples and current 
in ionization chambers. 

Since currents as small as 1 pA can be measured directly, 
the Model 42514 is valuable for measuring vacuum tube 
grid currents and photomultiplier currents in ionization 
chambers. Thus, this meter has great utility in physics re- 
search, as well as in electronics. Further, its current and 
voltage sensitivity permit measurement of both extremely 
high and very low resistances. 

Model 425A is provided with output terminals so that 
it may be used as a dc  amplifier having 100 dB ( lo5 )  
voltage gain. Output from the amplifier is 1 V for  an end- 
scale deflection or 1 mA into approximately 1000 ohms, so 
that it will operate either a potentiometer or galvanome- 
ter recorder to make permanent records of measurements. 

Specificat ions 
Microvolt-ammeter 

Voltage range: pos. and neg. voltages from 10 ILV end scale 

Current range: pos. and neg. currents from 10 pA end scale 

Input impedance: voltage ranges, I megohm 1 3 % ;  current 

Accuracy: within %3% of end scale; line frequency varia- 

to 1 V end scale, 11 steps, 1, 3 ,  10 sequence. 

to 3 mA end scale, 18 steps, 1, 3 ,  10 sequence. 

range, depends on range, 1 megohm to 0.33 ohm. 

tions & 5  Hz affect accuracy less than 1 2 % .  

Amplifier 
Gain: 100,000 maximum. 
AC rejection: at least 3 dB at 1 Hz, 50 dB at 50 Hz and 

approximately 60 dB or more above 60 Hz; a power-line 
frequency or twice power-line frequency signal 40 dB 
greater than end scale causes less than 1% error. 

Output: 0 to 1 V for end-scale reading, adjustable (5000-ohm 
shunt potentiometer), 1 mA maximum at 1 V output. 

Output impedance: depends on setting of output potentio- 
meter; loohms when potentiometer is set for maximum 
output. 

Noise: less than 0.2 pV rms (typically less than 1.2 pV p-p)  
referred to the input. 

Drift: after 15 minutes’ warm-up, drift is less than &4 pV 
per day referred to input. 

General 
Power: 115 or 230 volts &lo%,  60 Hz, 40 W; 50 Hz opera- 

tion on special order. 

I ?* 

425A 

Dimensions: cabinet: 73/s“ wide, 113/4’’ high, 12” deep (187 x 
297 x 305 mm) ; rack mount: 19” wide, 7’’ high, 11” deep 
behind panel (483 x 178 x 279 m m ) .  

Weight: net 17  Ibs (7,7 kg ) ;  shipping 18 lbs (8,2 kg) (cabi- 
net) ; net 2 1  Ibs (9,5 kg) ; shipping 29 lbs (13,2 kg) (rack 
mount). 

Accessories available: 11021A 1000: 1 Divider Probe, in- 
creases range of 425A to 1000 volts; division accuracy 
-+2%,, input resistance 10 megohms, $55. 

Option 01: for operation from 50 Hz power, no extra charge. 
Price: H P  4254, $500 (cabinet). HP 425AR, $505 (rack 

mount). 

11021A Divider Probe 
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3529A Magnetometer Probe 
i 

4 2 8 8  

- 

Description 
Direct current from .01 milliampere to 10 amps'can be measured 

with the H P  42SB without interrupting the circuits and without 
the error-producing loading of coni-entional methods. 

For any measurement of dc within its range. simply clamp the 
jaws of the 42SB around a wire and read. 

This ease and speed of operation are unparalleled, especially for 
applications where many dc measurements must be made. Wide cur- 
rent range of the 42SB will handle most signals directly. For even 
greater sensitiLity. several loops may be put through the probe. in- 
creasing the sensitivity by the same factor as the number of loops. 

In addition t o  making current measurements directly, the 428B 
is also Taluable for measuring sums and differences of currents in 
separate \vires. When the probe is clipped around two wires carrying 
current in the same direction, their sum is indicated on the meter: 
when one of the wires is reversed, their difference is measured. 
Thus, current balancing is possible by obtaining a zero difference 
reading. 

lModel 428B provides an output voltage proportional to the mea- 
sured current which is useful for driving recorders or making low- 
frequency (dc to 400 Hz) current measurements. 

Specifications 
Current range: 0.1 mA to 10 amperes; nine full-scale ranges from 

Accuracy: f3% of full scale, "0.1 mA, from 0°C to f 5 5 " C .  
Probe inductance: less than 0.5 p H ;  no noticeable loading, even 

up to 1 MHz . 
Probe induced voltage: less than 1 5  mV peak (at  20 kHz and har- 

monics). 
Output: approx. 1 .5  V and 1 mA max. for full scale; 100-ohm 

source; variable linear output level with switch provision for 
calibrated I V (corresponds to full-scale deflection). 

1 mA to 10 amperes in a 1,  3, 1 0 .  . . sequence. 

Noise level: less than 50 .015  mA. 
AC rejection: ac with peak value less than full scale affects meter 

accuracy less than 2% at frequencies different from the carrier 
(approx. 40 kHz)  and its harmonics; the above instantaneous 
current must not exceed full  scale below 5 Hz; on the 10 amp 
range, ac peak value is limited to 4 amps. 

Power: 115 or 230 V * l o % ,  50 t o  60 Hz, approx. 70 W. 
Operating temperature range: -20°C to - 55'C. 
Storage temperature: -4O'C to +65"C.  
Probe insulation: 300 volts maximum. 
Probe tip size: approximately '/2" by 21/32"; aperture diameter 

5 / 3 2 " .  
Dimensions: 7%'' wide, 11?/~'' high, 14%" deep (191 x 292 x 

272 m m ) ;  rack mount: 19" wide, 6-31/12" high, 13" deep (481 
x 177 x 330 m m ) .  

Weight: net 19 Ibs ( 8 , 6  k g ) ,  shipping 24  Ibs (10,s kg)  (cabinet);  
net 24  lbs (10 ,s  k g ) ,  shipping 35 Ibs (15,8 kg)  (rack mount ) .  

Options: 
01. H P  3528A Current Probe (aperture 2-9/16") in lieu of 

02. H P  3529A Magnetometer Probe in lieu of 428A-21A Probe 
42SA-21A Probe normally supplied, add $375.  

normally supplied, no  extra charge. 
Price: H P  428B, $600. (cabinet) 

HP 428BR, $605. (rack mount) 

3528A Large Aperture Current Probe 

This large aperture current probe permits the 428B to make mea- 
surements on any conductor up to 2-9/16" in diameter. It is useful 
for measuring common-mode, ground and electrolysis currents in 
pipes, multi-conductor cables (including lead-sheathed) , ground 
straps, and even microwaie waveguide. Current range of this large 
diameter probe is the same as the 428B. The bandwidth is dc to 300 
Hz. Accuracy is t l  mA ? 3 %  of full scale when the probe is 
calibrated with the instrument. Inductance less than 3 p H  is intro- 
duced into the measured circuit. 
Price: H P  3528A, $450. 

The  HP 3529A Magnetometer Probe is useful in applications 
where determination must be made of the direction or magnitude 
of a magnetic field. I t  is useful in applications ranging from acous- 
tical transducer design to investigations involving the Zeeman effect. 
Conversion factor is 1 : 1, producing a reading on the 428B in milli- 
amps which is directly equal to the measured field strength in milli- 
gauss. Range is 1 rnilligauss to 10 gauss with the 428B. The  band- 
width is dc to 80 Hz, and accuracy is * 3 %  of full scale when the 
probe is calibrated with the instrument. 
Price: H P  3529.4, $75. 
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Model 456A, 11000 Series 

456A AC Current Probe 
Your  conventional voltmeter or oscilloscope can measure 

current  quickly and  dependably - without  direct connection to 
the  circuit under  test or any  appreciable loading to  the test 
circuit. T h e  HP 4 5 6 A  AC Current  Probe clamps around the  
current-carrying wire, and  provides a voltage ou tpu t  you read 
o n  a voltmeter o r  scope. Model  4 5 6 A ' s  1 m A  to  1 m V  con- 
version permits direct reading up to 1 ampere rms. 

Specifications, 456A 
Sensitivity: 1 mV/mA i 1% at I kHz. 
Frequency response: t2%, 100 Hz to 3 hlHz; * 5 % .  60 HZ to 

4 MHz; -3 dB at < 2 5  Hz and greater than 20 hfHz. 
Pulse response: rise time is <20 nsec, sag < ~ h ~ / m s e c .  
Maximum input: 1 amp rms, 1 .5  amp peak; 100 mA abo\e 5 hfHz. 
Effect of dc current: no appreciable effect on sensitivity and dis- 

tortion from dc current up to 0.5 amp. 
Input impedance: (impedance added in series with measured wire 

by probe) less than 50 milliohms in series with 0.05 p H  (this is 
approximately the inductance of 1% in. of hookup wire) .  

Probe aperture: 5/32" ( 4  m m )  diameter. 
Probe shunt capacity: approx. 4 pF added from wire to  ground.  
Distortion at 1 kHz: for 0.5 amp input at least 50 dB down; for 10 

Equivalent input noise: <50,$A rms (100 $A when ac powered). 
Output impedance: 220 ohms at 1 kHz; approximately + I  V dc 

component; should work into load of not less than 100.000 ohms 
shunted by approximately 2 5  pF. 

mA input at least 70 dB down. 

11039A 

AC Voltmeter 

456A with an AC Voltmeter 

Power: two Mallorp Battery Co. TR 233R and one TR 234 batteries 
(1420-0005 and 1420-0006) ; battery life approximately 400 
hours; ac power supply optional at extra cost, 1 I S  or 2 i 0  V 
i 10% 50 t o  1000 Hz approx. 1 W. 

Weight: net 3 Ibs (1,4 kg) ; shipping 4 Ibs (1,s kg) .  

Dimensions: 5 "  wide, 6" deep, 1y2" high (127 x 152 x 38 mm) ; 
probe cable is 5 ft. long; 2 f t ,  output cable terminated with dual 
banana plug. 

Accessory available: 456-11A AC Supply for field installation. 
$40. 

Price: HP 456A with batteries, $ 2 2 5 .  

Option 01.: AC supply installed in lieu of batteries, add S20. 

11028A 100: 1 Current Divider, $ 3 2 .  

11039A capacitive voltage divider 
For 400 and  410 series voltmeters.  Safely measures power 

voltages to  25 k V ;  accuracy &?%, Division ratio, 1000: l .  
Inpu t  capacity, 1 5  p F  2 1 .  Max imum voltage ratings (sea 
level)  6 0  H z ,  2 5  k V ;  100 kHz,  22 k V ;  1 MHz, 20 k V ;  10 M H z ,  
15  k V ;  20 MHz, 7 kV. Usable for dielectric heating, power 
and ultrasonic voltages. Price:  HP 11039~4 ,  $150. (Accessory 
HP 11018A should be used to  connect the 410 series volt-  
meters.)  

11040A capacitive voltage divider 
For 410 series voltmeters. Increases range so transmitter 

voltages can be measured quickly, easily; accuracy, ?z 1 %. 
Division ratio, 100: 1. Inpu t  capacity, approximately 2 pF .  
Max imum voltage, 2000 V at  50 M H z ,  decreasing to 100 V a t  
400 MHz. Frequency range 10 k H z  to 400 MHz. Price:  HP 
11040A, $ 3 5 .  

11044A dc voltage divider 
For 410B Voltmeter.  Gives max imum safety and  convenience 

for measuring high voltages as  in television receivers, etc. 
Accuracy, 2 5 % ;  division ratio, 100:1. Inpu t  impedance, 12 k 
megohms. Max imum voltage, 30 kV. Maximum current  drain,  
2 .5  uA. Price: HP 11044~4,  $50. 

11045A dc voltage divider 
For 410C Voltmeter.  Same  as  11044A except input  impe-  

dance, 10 k megohms. Price:  HP 11045A, $50. 
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11018AAdapter 
Connects 410 Series ac probe to dual banana plugs. Price: 

H P  11018A, $35. 

11033A Shunt Resistor 
For 400 Series voltmeters to measure current to 40 mA 

full scale; accuracy ~ 1 %  to 100 kHz, t 5 7 i  to 4 MHz;  
maximum power dissipation, 1 watt; maximum voltage 24 
V. Price: H P  11033A, $20. 

11036A Probe 

11042A Probecoaxial “T”Connector 
For 410 Series voltmeters. Measures voltages between 

center conductor and sheath of 50-ohm transmission line. 
Maximum SWR, 1.1 at 500 MHz,  1.2 at 1 GHz.  Male and 
female Type N fittings. Price: H P  11042~4,  $50. 

11043A Probecoaxial “N”Connector 

AC probe for the 410C. Price: HP 11036A, $60. 

For 410 Series voltmeters. Measures at open end of 50- 
ohm transmission line (no  terminating resistor). Has male 
Type N fittings. Price: H P  11043~4,  $37.50. 

11066ACurrent Shunt 
This current shunt can be used w th any ac or dc volt- 

meter to make current measurements up to 10 amperes at dc 
or line frequencies up to 1 kHz. Designed for use with the 
H P  Models 3440A/3443A or 344411 and 3460A Digital 
Voltmeters and the Model 740B and 741B Differential Volt- 
meters. Resistance; 0.01 ohm: accuracy; i-0.5% : tempera- 
ture coefficient; & l o 0  ppm/”C:  power rating; 1.0 watt: 
maximum ambient temperature; 65 “C: maximum current; 
10 amps. Price: H P  11066A, $30. 

11074AVoltage Divider Probe 
For 400 Series voltmeters, Provides low-input capacitance 

and high-input resistance at the point of measurement. 
Division ratio 10 : 1 & 2 % (400  Hz reference), 10 : 1 _t 2 % 
(100  kHz reference depends on adjustment of compensat- 
ing capacitor), Bandwidth, dc to 10 1dHz. Maximum input 
voltage 1 kV rms. 

Input impedance: 10 megohms shunted by 10 pF (when 
connected to an input impedance of 10 megohms shunted 
by not more than 25 p F ) .  Price: H P  :11074A, $45. 

11018A 

11033A 

F R O 8 ~ ~ T - C O N N ~ C r O R  
5 0  OHM LINE 

MODE!. 11042A 

11042A 

11043A 

11036A 11066A 

11074A 
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CABLE ACCESSORIES 
Cable assemblies 

10501A Cable Assembly 
44” of 50-ohm coaxial cable terminated on one end only 

with UG-SSC/U BNC male connector; H P  10501~4, $3.50 
each. 

10502A Cable Assembly 
9” of 50-0hm coaxial cable terminated on both ends with 

UG-88C/U BNC male connectors; H P  10502A, $5.50 each. 

10503A Cable Assembly 
4’ of 50-ohm coaxial cable terminated on both ends with 

UG-88C/U BNC male connectors; H P  10503A, $6.50 each. 

llOOOA Cable Assembly 
Dual banana plugs terminate a section of jo -ohm cable, 

44” over-all; plugs for binding posts spaced 3 / ” ;  H P  
11000A, $4.50 each, 

l l O O l A  Cable Assembly 
Identical with 1lOOOA except dual banana plug on one 

end and UG-88C/U BNC male on the other; H P  11001A, 
$5.50 each. 

11002A Test Leads 
Dual banana plug to alligator clips, 5’; HP 11002A, $7.50 

each. 

11003A Test Leads 

Dual -banana plug to probe and alligator clip, 5’; H P  
11003A, $10 each. 

11035A Cable Assembly 

12’’ >@ohm coaxial cable terminated on one end with a 
dual banana plug and on the other end with a UG-SSC/U 
BNC male connector; H P  l l 0 3 5 A ,  $5.50 each. 

11500A Cable Assembly 

6’ of specially treated 50-ohm coaxial cable terminated on 
both ends with U G - Z l D / U  Type N male connectors; HP 
11500A, $15 each. 

11501A Cable Assembly 

6’ of 50-ohm coaxial cable terminated with UG-21D/U 
Type N male and UG-23D/U Type N female; H P  11501~4, 
$15 each. 

3 

44 . I 11002A 
10501A 

LO-S-748 
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~ - 7 /  DIFFERENTIAL VOLTMETERS 

~ 

1Lt;l 
VOlTAGE, CURRENT, 

RESISTANCE 

Measurements made by the differential 
voltmeter technique (sometimes called a 
potentiometric or manual voltmeter) are 
recognized as one of the most accurate 
means of relating an unknown voltage to 
a known reference. These measurements 
are made by adjusting a precision resistive 
divider to divide down an accurately 
known reference voltage. The divider is 
adjusted to the point where the divider 
output equals the unknown voltage, as 
shown by the null voltmeter (Figure 1 ) .  

NULL METER 

I 

Figure  1. Classic d i f f e r e n t i a l  vo l tage measure -  
m e n t .  

The unknown voltage is determined to an 
accuracy limited only by the accuracies 
of the reference voltage and the resistive 
divider; the meter serves only to indicate 
any residual differential between the 
known and unknown voltage. 

The differential method is highly ac- 
curate (Hewlett-Packard currently offers 
20.002% accuracy). 

A high-voltage standard is required to 
measure high voltage. This need may be 
overcome by inserting a voltage divider 
between the source and the null meter 
(Figure 2 ) .  This, however, results in rel- 
atively low-input resistance for voltages 
higher than the reference standard. This 
low-input resistance is undesirable be- 
cause accurate measurements may not be 
obtained if substantial current is drawn 
from the source being measured. Most 
differential voltmeters used today offer in- 
put resistance approaching infinity only at 
a null condition, and then only if an in- 
put voltage divider is not used. 

To overcome these limitations, Hew- 
lett-Packard has developed an input isola- 
tion stage which develops an input re- 
sistance exceeding 10” ohms and measures 
voltages up to 1000 Vdc. This high resist- 
ance is maintained independent of null 
condition. 

Figure  2. Potent iomet r ic  m e t h o d  of  m e a s u r i n g  
u n k n o w n  vol tages. 

As shown in the block diagram of 
Figure 3, the H P  740B DC Standard/Dif- 
ferential Voltmeter has the principal parts 
of the conventional differential voltmeter. 

In a marked departure from conven- 
tional differential voltmeter design, the 
circuitry also includes a high-gain feed- 
back amplifier as an impedance converter 
between the measured voltage source and 
the measurement circuits. The amplifier 
insures that the high-input impedance is 
maintained regardless of whether the in- 
strument is adjusted for a null reading. 

I o  I 

F igure  3. S i m p l i f i e d  d i a g r a m  of dc  s tandard / ’  
d i f f e r e n t i a l  v o l t m e t e r  in d i f f e r e n t i a l  v o l t m e t e r  

mode .  

A further advantage provided by the 
amplifier is that the resistive voltage 
divider or RANGE “stick,” which enables 
voltages as high as 1000 V to be com- 
pared to a precision 1 V reference, may be 
placed at the output of the amplifier 
rather than being in series with the mea- 
sured voltage source. The isolation pro- 
vided by the amplifier between the input 
and the RANGE “stick” thus enables the 
instrument to have high-input impedance 
on all ranges. 

The range resistance divider and ampli- 
fier also permit the precision 1-V source 
to serve as the reference for standard out- 
put voltages up to 1000 V. Refer to page 
174. 

The voltage reference supply in the 

740B is a Zener diode encased in an oven, 
resulting in stabilities better than 0.001 %/ 
month. 

Precision ac/dc differential 
volt meter 

The accuracy of ac voltage measure- 
ments has always been tempered by the 
lack of a primary standard of ac voltage. 
It is therefore necessary to measure ac 
voltages in terms of related dc voltages 
that, in turn, can be referenced to a dc 
standard. Highest accuracy in ac voltage 
measurements is acquired by a substitu- 
tion technique that uses vacuum thermo- 
couples to relate the ac to an accurate dc. 
Highly refined versions of this technique 
realize accuracies of 0.01%; but painstak- 
ing, time-consuming laboratory proced- 
ures are required for this level of ac- 
curacy. 

The H P  741B now makes it possible to 
make ac and dc differential voltage mea- 
surements to better than &0,03% ac- 
curacy in fewer steps and without the en- 
vironmental restrictions or precautionary 
measures required of thermocouple mea- 
surements. The HP 741B uses a precision 
rectifying circuit to convert the unknown 
ac directly to dc (equivalent to the aver- 
age value of the ac),  and the resulting dc 
is read to 5-place resolution by a poten- 
tiometric voltmeter technique. The mea- 
surement is straightforward in that the 
ac remains connected to the converter at 
all times and can be monitored continu- 
ously. Besides being a precision ac/dc dif- 
ferential voltmeter, the instrument is also 
an ultra-stable, high-resolution dc stan- 
dard source. Refer to page 176 for addi- 
tional information. 

The accuracy of ac measurements is 
enhanced by the high-impedance probe 
attached to the instrument. The input 
impedance is 1 M n  shunted by < 5  pF. 
The low-input capacitance is important 
in measurements where capacitance load- 
ing is critical. Using the 741B, it is pos- 
sible to measure high ac voltages without 
drawing large reactive currents. Typical 
accuracy of the H P  741B AC Differential 
Voltmeter is shown in Figure 4. 

A block diagram of the H P  741B in 
the ac differential voltmeter mode of op- 
eration is shown in Figure 5 .  

With compensation for both the fre- 
quency and the amplitude of the input 
signal, it has been possible to accomplish 
accurate ac-to-dc conversion that is linear 
over an amplitude range from 1/10 full 
scale to full scale throughout a broad 
frequency range. With proper calibration 
procedures, it is possible to reduce errors 
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Nul l  Meter Sensitivity 
DC Standard 
High 2 Voltmeter AC 

DC 

0 FREQUENCY 

- - 
+1 p V  ful l  scale 
Bonus (Refer to pg 174) 
No Yes No 
Yes Yes Yes 

=t 1 mV full scale 
Bonus (Refer to pg 176) 

* 10 FV fu l l  scale 

adjust the dc temperature coefficient of 
the 11 V reference to <1 ppm/"C over 
the range 2 0 - c  to 30°C. (<2  ppm/"C 
from + 10°C to +40'C).  

All six decades are binary-coded di- 
viders. The first decade has a 10% over- 
range capability to aid in measuring 
standard cells and other voltages that 
occur slightly above full scale. This fea- 
ture enables the user to determine mea- 
surements to <1 ppm. 

The combination of high stability in 
the voltage reference supply, high resolu- 
tion and zero stability in the null detector, Figure  4. Typ ica l  accu racy  o f  HP 7418 AC 

D i f f e r e n t i a l  Vo l tmeter .  

RESISTIVE 
DIVIDER 

AC -TO- DC 
CONVERTER 

I I 

d- ";"I REFERENCE 

I I - - -AC 
PTTENUATOR (FEEDBACK)  I N U L L  METER avp 

F igure  5. S i m p l i f i e d  b l o c k  d i a g r a m  of a n  ac d i f f e r e n t i a l  vo l tmeter .  

to less than &0.02% of reading, 
&0,002% end scale between 100 Hz and 
100 kHz under normal laboratory condi- 
tions. 
Differential voltrneter/ratiorneter 

Recently introduced, the H P  3420A/B 
carries a 0.002% accuracy specification 
with stability of 1 ppm per hour (of 
range) and 5 ppm per day. Null meter 
resolution is 0.2 ppm of range on all 
ranges, These specifications set new stan- 
dards in the state of the art for differen- 
tial voltmeters. 

To  make 0.002Y, accuracy meaningful, 
the H P  Models 3420A/B have six-digit 
decade dividers, plus the usual last-digit 
meter, and i:10 pV full-scale sensitivity. 
A further exclusive feature is battery op- 
eration, available in the 3420B version. 
A self-contained power source is im- 
portant when it is necessary to measure 
dc voltages with common-mode noise. Be- 
cause the instrument can he completely 
isolated from the power line, these com- 
mon-mode voltages do not influence the 
reading. 

A block diagram of the H P  3420A/B is 
shown in Figure 6. D C  voltage measure- 
ments on the 1 and 10 V ranges are per- 
formed by the differential voltmeter tech- 
nique, comparing the input voltage to a 
known internal voltage. This comparison 
is performed by a null meter. On the 100 
V and 1000 V ranges, the input voltage is 
scaled to the 1 V level by a precision 10 
MQ resistance divider. 

The outstanding accuracy of the instru- 
ment is controlled by the internal voltage 
reference supply and the precision resistor 
networks. To enable the instrument to 
operate on battery power, an oven was 
not used. A technique was developed to 

and six-decade divider gives a useful 
sensitivity of 0.2 ppm of range on all 
ranges. 

Besides being a precision differential 
voltmeter, the 3420A/B is also a precision 
ra tiometer. 

When making dc 'voltage measure- 
ments, there are cases where the absolute 
value of the voltage is of little interest. 
Instead, the point of interest is its value 
in relationship to some other voltage level 
or the ratio of it to some other level. i.e.. 

This ratio appears often in engineering 
work. Examples are resistor dividers, 
potentiometer linearity, power at various 
voltage levels. 

The basic specifications for Hewlett- 
Packard differential voltmeters are sum- 
marized in Table 1. In selecting a differ- 
ential voltmeter, the user will he most 
interested in its accuracy and stability. 
Hewlett-Packard has the answer to the 
question, "Will the instrument offer both 
the voltage range and stability in antici- 
pated tests?" 

P/O s2  

DC RECORDER 

HEWLETT-PACKARD DIFFERENTIAL VOLTMETERS 

Meter (0.2 ppm I Decades 1 10 DDm (5 dieitsi  1 100 oom (4 digits) I 1  oorn 16 digits) 
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c 
I 740 B 

Differential voltmeter 
As a differential voltmeter, the 740B is unique in maintain- 

ing an input impedance of greater than 1010 ohms (on all 
ranges above 10 mV)  regardless of whether or not the voltage 
dials are nulled. This feature simplifies operation by elimi- 
nating any calculations of loading error by the voltmeter. In 
addition, the high-input impedance simplifies the measurement 
or comparison of standard cells or other devices sensitive to 
small current drains. 

Voltage setting is indicated by five digital display tubes plus 
an individually calibrated taut-band meter. 

High-impedance voltmeter 
The H P  740B is also a 1 2 %  floating and guarded voltmeter 

with ranges from 1 PV to 1 kV. Input impedance is >lo1” 
ohms on most ranges. 

Recorder output 
Terminals provide an adjustable output voltage from 0 to 1 

volt for end-scale meter deflection. 

DC standard 
The 74OB may also be used as a 0 to 1 kV 50.002% dc 

standard and a precision dc amplifier. For additional informa- 
tion refer to the Standards section of this catalog, pages 174- 
175. 

Specifications 
DC differential voltmeter 

Voltage range: 1 mV to 1000 V* in 7 decade ranges. 
Resolution: null ranges give full-scale indication of ?O.OlY, 

of range. Max. resolution 1 ppm at full scale. Max. usable 
null sensitivity; 1 ,,,V full scale. 

Performance rating 
Accuracy: ?(0.005% of reading +0.00047c of range +1  

pV) at  +23”C &1”C, less than 70% relative humidity. 
Stability: rated accuracy is met after 1-hour warmup period, 

with a 30-day calibration cycle. 
Short-term: 1 ppm/hr, 5 ppm/day, exclusive of zero drift 

Zero stability: (1 ppm of range + 2  pV),’day. 

to +4OCC. 

line voltage change. 

( < l o 0  V input).  

Temperature coefficient: < 2 ( 2  pprn -C 1 PV)/DC, + 10°C 

Line regulation: < ? ( O . o O l ~  + 2  ,,,V) change for 10% 

Input characteristics 
Input resistance: >lolo ohms, 100 mV to 1000 V ranges; 

> l o g  ohms on 10 m V  range; > l o 5  ohms on 1mV range, 
independent of null condition. 

Superimposed ac noise rejectian: < O . O O l %  error for ac 
voltages above 60 Hz equal to dc signal (25 V rms rnax.). 

Effective ac common-mode rejection: >120 dB at 60 Hz 
with 1 kn  unbalance. 

Input terminals: plus, minus, guard, and chassis ground. 
500 V dc maximum may be connected between chassis 
ground and guard or circuit ground. 

High-impedance voltmeter 
Voltage ranges: lPV to 1000 V* end scale in 10 zero-cen- 

tered ranges (1  ,,,V to 1 m V  ranges obtained by using null 
sensitivity pushbuttons). 

Performance rating 
Accuracy: & 2 %  of end scale r t 0 . l  ,,,V. 

Input characteristics 
Input resistance: >lo10 ohms, 100 mV to 1000 V ranges; 

> l o 9  ohms, 10 mV range; > I O 3  ohms, 1 bLV to 1 m V  
ranges. 

Zero control limits: 10 ,,.V nominal. 
Zero drift: < 2  PV per day after 30-minute warmup. 
Superimposed ac rejection: ac voltages above 60 Hz; 60 dB 

greater than end scale affects reading less than 2% (25 
V rms rnax.). 

Recorder Output: adjustable 0 to 2 1  V dc at  1 mA for end 
scale meter indication. Recorder negative terminal common 
with input negative terminal. 

Operating temperature: + 10°C to + 40°C. 
Storage temperature: -4O’C to +65’C. 
Power supply: 115/230 V ac *IO%,, 50 to 1000 H2, 125 

watts max. 
Dimensions: 16%’’ wide, 7” high, 18%” deep (425 x 117,s 

x 476 m m ) .  Rack mount kit (5060-0776) furnished with 
instrument. 

General 

Weight: net 47 Ibs (21 k g ) ;  shipping 65 lbs (29,5 kg) .  
Accessories furnished: ll054A input cable for 740B; llO55B 

Price: H P  740B, $2350. 
output cable for 740B. 

* A  maximum of -500 V dc wi th  respect to  line ground can be applied t o  or 
obtained from the HP 740B. 
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0.1% + o:ol% 
of range 

0.15% + 0.01% 

0.2% + 0.01% 
of range 

of range 

0.2% + 0.02% 
of range 

AC/DC AVMIDC STANDARD 
Rugged instrument has standards lab accuracy 

Model 741B 

50 Hz-50 kHz 

30 Hz-50 HZ 
20 Hz-30 Hz 

50 kHz-100 kHz 

20 HZ-50 kHz 

AC differential voltmeter 
As an ac differential voltmeter, the 741B is unique in main- 

taining a low input capacitance of < 5  pF. The low input 
capacitance is important in measurements where capacitance 
loading is critical. Using the 741B, it is possible to measure 
high ac voltages without drawing large reactive currents. The 
741B measures ac voltage from 1 mV to 1000 V from 20 Hz 
to 100 kHz. This new instrument makes it possible to make ac 
and dc differential voltage measurements in fewer steps and 
without the environmental restrictions or precautionary mea- 
sures required of thermocouple measurements. 

DC differential voltmeter 
As a dc differential voltmeter, the H P  74lB measures dc 

voltages from 0 to 1000 V in 4 ranges with an accuracy of 
&0.02% of reading*" or &0.002% of range. The input im- 
pedance is >IOg ohms on all ranges independent of null. The 
741B Option 01 offers & O . O l Y ,  accuracy in dc differential 
voltmeter mode of operation and 50 .02% accuracy in dc 
standard operation. All other specifications in the 741B Option 
01 are identical to the standard 741B. The standard 741B or 
741B Option 01 can be calibrated by the user to operate as a 
*0.01% dc standard or dc differential voltmeter with only 
one adjustment. 

DC standard source 
The 741B is an ultra-stable, high-resolution dc standard 

source which delivers output voltage from 0 to 1000 V with 
standards lab accuracy. Refer to page 176 for additional in- 
formation. 

AC differential voltmeter 
Specifications 

Input voltage ranges: 1, 10, 100, 1000 V end scale; with 

Voltage resolution: O.O04Y, end scale. 

Accuracy: 

null ranges end scale, 1 mV to 1000 V. 

Performance rating 

Accuracy 

of ranne 100 Hz-10 kHZ 

Input characteristics 
Input impedance: 1 megohm shunted by less than 5 pF. 
Input: probe with 3-ft. cable. Can be floated to 500 V dc 

max. 
DC differential voltmeter 

Voltage ranges": 1 V to 1000 V end scale, with null ranges 

Voltage resolution: 0.002% end scale. 

Accuracy**: 20.02% of reading or 50.002% of range, 

Stability: rated accuracy is met after 1-hour warmup period, 

Short-term stability: 10 ppm for a 24-hour period. 
Line regulation: *0,002% change for & l o %  line voltage 

Temperature coefficient: <3 ppm/'C from 0°C to + 50°C. 
Input impedance: >loB ohms on all ranges (independent 

Input: floating (up to 500 V dc max.). 
Superimposed ac noise rejection: <O.OlY, error (above 50 

Hz)  for ac rms voltage equal to 50% of input dc or 25 V 
rms, whichever is less. 

end scale, 1 mV to 1000 V.  

Performance rating 

whichever is greater. Relative humidity <SO%. 

with a 90-day calibration cycle. 

change. 

of null) .  

General 
Recorder output: available for all modes of operation. 
Recorder amplifier: recorder voltage output directly pro- 

portional to meter deflection, 60 dB gain (max.), 1 mA 
into 1 kn d. 

Power supply: 115 or 230 V *lo%, 50 Hz to 1000 Ht ,  1 2 5  
W max. 

Weight: net 47 lbs (21 kg) ; shipping 65 lbs (29,5 kg) ,  
Dimensions: 7" high, 16%" wide, 18%'' deep (178 x 425 x 

Price: HP 741B, $1675; HP 741B Option 01, on request. 
464 m m ) .  

+A maximum o f -500V dc with respect to  line ground can be applied t o  or ob- 

**741B Option 01 provides ?0.02% dc standard accuracy and -0.01% dc dif- 
tained from the HP 741B. 

ferential voltmeter accuracy. 
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Rapid Null Meter Zero Adjustment 

The  decade dividers need not be adjusted to zero when 
zero-setting the null-meter. When  ZERO pushbutton is de- 
pressed, it automatically disconnects the input signal and 
shorts the input of the 3420A/B for precise null-meter 
zero adjustment. 

Ratiometer 

The  HP 3420A/B may be used to measure resistance di- 
vider and voltage ratios rapidly without using the conven- 
tional method of tedious mathematical computations when 
ratios are required instead of absolute values. Voltage and 
resistance ratios from 0.000000001 :1 to 0.999999: 1 in four 
ranges XI ,  X0.1, X0.01, and X0.001 can be measured. The  
dial resolution on all ranges is 1 ppm of range with null 
sensitivity at the calibrate voltage ( A  to Common) at 0.2 
ppm of range. Accuracy on all ranges is 20 ppm of read- 
ing +4 ppm of range. 

Line and/or Battery Operation (3420B only) 

The 3420B, identical to the 3420A except for battery 
operation, is powered from either line or battery power. 
When operated from line power, the nickel-cadmium bat- 
teries are trickle charged and may be charged indefinitely 
without damage. A fast-charge pushbutton can be depressed 
for rapid (15  hours) charging of the batteries. The  3420B 
will operate on batteries for 30 hours before recharging is 
necessary. A pushbutton is also provided to read the battery 
voltage on the null-meter to determine if battery charging 
is necessary. Besides true portability, battery power offers 
complete line isolation eliminating troublesome ground loops 
when making precision measurements. 

Immunity to  Damage by Overloads 

The 3420A/B has very high immunity to damage by 
overloads. The  instrument can accept without damage 1100 
volts on any range or null sensitivity. The  meter recovers 
from overloads as high as 10G in less than three seconds. 

DC Recorder Output 

An output signal proportional to the null-meter deflection 
is adjustable from 0 to 1 volt and can supply 1 milliamp to 
drive recorders, In the most sensitive position, this output 
provides i-10 ppm of range full scale. 



215 

Total instrument 
exclusive of zero dri f t  

Specifications 

+ 4  ppm/"C 1 5  ppm/"C 
of reading of reading 

DC differential voltmeter 

Ranges: i: 1, rf: 10, t 100 and 2 1000 volts with up to 10% oi'er- 
ranging available on all ranges. 
Resolution: six dials provide 1 ppm (parts per million) of range. 

Null meter provides full scale indication of 10 ppm of range 
with maximum resolution of 0.2 ppm on all ranges. 

Performance rating: 
Accuracy: i: (0.002% of reading + O , O O O 2 %  of range) at 23°C 
t 1"C, less than 70% R.H. (relative humidity). 

Stability: rated accuracy is met after a 1-hour warmup period, 
with a 30 day calibration cycle. *0.005% accuracy within 30 
seconds of turn on. Short Term: 1 ppm/hour, 5 ppm/day ex- 
clusive of zero drift.  
Zero Stability: 0.5 ppm per day of range. 

Temperature coefficient: Tref. = 23°C. 

1 VM range 

I I 1O0-20"C I 

I I 

11 volt reference I 11.0 ppm/oC I +LO ppm/"C 

Input resistance 

I 2Oo-30"C 

NUII Detector range 

10 pV-10  mV 
100 mV-10 V 

Input resistance 

1 MQ 
10 MQ 

1 v  10 V I Infinite(>lOllQ B < 70% R.H.) a t  null I I 100 v 1000 v 10 MQ*0.05% 

Polarity selection: switch is provided to allow measurement of 
positive or negative voltage with respect to circuit common. 

Calibration resolution: 
Voltage reference: 1.1 V and 11 V ;  0.5 ppm of output 
1st and 2nd decades: 0.5 ppm of resistance ratio. 
Input range attenuator: 1 ppm of resistance ratio. 

Meter: individually calibrated taut-band suspension. 

Extreme operation conditions: 
Overload protection: i: 1000 V dc may be applied on any range 

or sensitivity for up to 1 minute without damaging the instru- 
ment. 

Overload recovery: meter indicates within 3 sec. after removing 
10' overload factor. 

DC ratiometer 
Ranges: X I ,  X. l ,  X.01, and X.001 with six-digit in-line readout. 

Resolution: same as A V M .  

Performance rating* 
Accuracy: i: (0.002% of reading -0.0004% of highest decade 

Stability: rated accuracy is met after a 30-second warmup period, 

Short term: 0.5 ppm/hour, exclusive of zero drift. 
Zero stability: 0.5 ppm of range/dap. 
Temperature coefficient: X1 range: 1 ppm/'C, XO.01 range 

and above: 5 ppm/'C, to 40°C. 

setting) at 23°C 2 1"C, less than 70% relative humidity. 

with a 60-day calibration cycle. 

Input characteristics: 
Input 3 terminals: A, B, Common 

Ratio = B to Common 
A to Common 

With  A > B and same polarity 
Input voltage ratio: null meter calibrated to read directly in ppm 

of range for lowest A-to-Common calibration voltage indicated 
in table below. 

Calibrated Maximum 
Range A to Common A to Common 

1-10 V dc 
10-70 V dC 

x.01 100-500 V dc 500 V 
x.001 1000 V dc 1200 v 

*For calibrated A to Common voltage shown in  table. 

Input resistance: 
Terminal B to Common: Infinite at null ( > l o i o  a @ 70% 
R.H. ) .  Terminal A to Common: Range : x 1, 10 k n ;  x.1, 100- 
kR; x.01, 1 mR; x 001, 10 

Superimposed ac rejection: 60 Hz signals equal to 100% of A 
to Common dc affects reading less than 2 ppm of meter reading. 

Isolation parameters: 

Output signal: 

Same performance as for A V M .  

Recorder output has the same capability as for the AVM, except 
recorder must be isolated from ground by 10'' a. 

General 
Input power:3420A:115 or 230 volts * l o % ,  50 to 1 kHz. 

Approximately 2 watts. 
3420B: Battery/Line Operation; Rechargeable bat- 

teries (8 furnished). 30 hours operation per recharge. Instrument 
may be operated during normal recharge from ac line. Provision 
is made for testing the battery condition and selecting a fast (1  5 
hour) charging rate. Input for battery charging 115 or 230 Lolts, 
i: l o % ,  50 to 1000 Hz. 3 watts. 

Dimensions: 5" high, 163/" wide, 13%" long (127 x 425 x 324 
m m ) .  

Weight: net 2 1  Ibs (9,45 k g ) ;  shipping 27 Ibs (12,2 k g ) .  

Price: H P  3420A, $1175. H P  3420B, $1300. 
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DIG ITAL VOLTMETERS RESISTANCE 

Digital voltmeters (DVM’s) display 
measurements as discrete numerals,  
rather than as a pointer deflection on a 
continuous scale commonly used in ana- 
log devices. Direct numerical readout in 
DVM’s reduces human error and tedium, 
eliminates parallax error and increases 
reading speed. Automatic polarity and 
range-changing features reduce operator 
training, measurement error and pos- 
sible instrument damage through over- 
load. 

Digital instruments are available to 
measure ac and dc voltages, dc currents 
and resistance. Other physical variables 
can also be measured by use of suitable 
transducers. Many have outputs to make 
permanent records of measurements with 
printers, card and tape punches, and 
magnetic tape equipment. With data in 
digital form, it may be processed with no 
loss of accuracy. 

Most popular digital voltmeters on the 
market today fit into one of the following 
categories: (1) ramp, ( 2 )  staircase 
ramp, (3)  integrating, (4)  integrating 
and potentiometric, ( 5  ) successive ap- 
proximation, and (6 )  continuous balance 
(potentiometric). 

Types currently in use by H P  are de- 
scribed below. 

Ramp Types: the operating principle 
of the ramp digital voltmeter is to mea- 
sure the time a linear ramp takes to 
change from the input level to ground 
(or vice versa). This time period is mea- 
sured with an electronic time-interval 
counter and displayed on in-line indicat- 
ing tubes. The advantages of this type 
of instrument are low price and simplic- 
ity. Conversion of a voltage to a time 
interval is illustrated by the timing dia- 
gram in Figure 1. At the start of a mea- 
surement cycle, a ramp voltage is ini- 
tiated. The ramp is compared continu- 
ously with the voltage being measured; 
at the instant they become equal, a coin- 
cidence circuit generates a pulse which 

START OF MEASUREMENT 

VOLTAGE MEASURED &%p 
TIME- 

I ‘  ‘ I  
1 1  
I !  

ov 

-12v ’ 

COUNT GATE I 
CLOCK PULSES &I 

F igu re  1. Vo l tage - to - t ime  convers ion.  

opens a gate. The ramp continues until 
a second comparator circuit senses that 
the ramp has reached zero volts. The 
output pulse of this comparator closes 
the gate. 

The time duration of the gate opening 
is proportional to the input voltage. The 
gate allows pulses to pass to totalizing 
circuits, and the number of pulses 
counted during the gating interval is a 
measure of the voltage. 

A block diagram of the HP3440ADigi- 
tal Voltmeter illustrates this technique in 
Figure 2 .  

It has an accuracy of +-O.Or% of 
reading with reading rates up to 5 per 
second. These features, coupled with its 

QA inspection stations. The new D V M  
has a floating input, a feature not com- 
monly found in digital voltmeters of this 
price. An optional version of the instru- 
ment permits ratio measurements, a use- 
ful feature for normalizing the readings 
of dc transducer outputs and taking 
readings using an external reference. 

Referring to Figure 3, the 3430A is the 
staircase ramp-type which compares the 
input voltage to an internally-generated 
voltage derived from a Zener reference 
diode and precision resistors. The inter- 
nally-generated voltage starts from zero 
and is stepped automatically to succes- 
sively higher values until it matches the 
input voltage. Each step advances a 
counter one digit; when coincidence is 

I 
INPUT 

START PULSE 

READOUT - COMPARATOR 
RESET 

I -  F igu re  2. Block d i a g r a m  of HP 3440A Dig i ta l  Vol tmeter .  

capability of 10 PV resolution, 4-digit reached, the number of accumulated 
readout, and plug-in versatility, make it counts (representing the input voltage) 
a popular and economical choice. is displayed on the front-panel display. 

Recently introduced, the H P  3430A is The instrument retains the displayed 

SAMPLE DC 
AMPLIFIER 

OUTPUT 
READOUT 

TRANSFER LINE 

I 

I t 
POLARITY 4 
AMPLIFIER 

AND 
FLIP-FLOP CONVERTERS D/A fl A ‘ L f q 2 - I  TAIR- 

F igu re  3. Block d i a g r a m  of HP 3430A Dig i ta l  Vo l tme te r .  

a %digit digital voltmeter not much more number until the next measurement cycle 
costly than an analog voltmeter. The is completed. The display is continuous. 
speed, convenience, and accuracy of digi- There is no blinking. 
tal readout now becomes available at a Integrating Types: an integrating digi- 
moderate price for general-purpose ap- tal voltmeter measures the true average 
plications in the laboratory, on produc- of the input voltage over a fixed mea- 
tion test stands, in repair shops, and at suring period, in contrast to ramp-types 
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Figure 4. Voltage4o-frequency conversion. 

which measure the voltage at the end 
of the measuring interval. A widely-used 
technique to accomplish integration is the 
use of a voltage-to-frequency converter, 
as indicated in Figure 4. The circuitry 
functions as a feedback control system 
which governs the rate of pulse genera- 
tion, making the average voltage of the 
rectangular pulse train equal to the dc 
input voltage. 

The major advantage of this type of 
analog-to-digital conversion is its ability 
to measure accurately in the presence of 
large values of superimposed noise, be- 
cause the input is integrated over the 
sampling interval. The reading repre- 
sents a true average of the input voltage. 
(Symmetrical ac interference waveforms 
average to zero.) 

The H P  2401c Integrating Digital 
Voltmeter, in the 0.01% accuracy class, 
uses the voltage-to-frequency conversion 
technique, achieving outstanding ability 
to reject the effects of super imposed  
noise; it achieves c o m m o n - m o d e  noise re- 
jection by guarding. 

This model applies especially well to 
measurements of extremely noisy signals, 
even rejecting noise up to 100% of full- 
scale readings down to 99.999 mV with- 
out an accessory amplifier. Speed, and 
complete remote-control ability, make it 
ideal for system applications. It can also 
be used as an electronic counter to mea- 
sure frequency or period. 

Integrating/Potentiometric Types: by 
using techniques exploiting the best qual- 
ities of several systems, a totally new 
result is achieved in the H P  3460B. Be- 
sides being an integrating-type voltmeter 
which continually measures the true av- 
erage of the input voltage, it is also a 
potentiometric type obtaining high accu- 
racy from precision resistance ratios and 
a stable reference voltage. A block dia- 
gram of the Integrating/Potentiometric 
Digital Voltmeter is shown in Figure 6. 

The H P  3460B is a good choice for 
applications requiring extremely high ac- 
curacy (&0.004%) and high speed with 
high resolution. The 3460B takes up to 1 5  
readings per second with more than 5 -  
digit resolution (1.20000 full scale). 
Since the instrument is guarded, all read- 
ings can be made in the presence of large 
common-mode signals. The integration 
characteristic also allows a maximum 
reading rate, even with noise superim- 
posed on the signal. 

I 
I 

I 
I 

LEVEL DETECTOR 

I 
I 
I 
I 
I I 

I 

I ELECTRONIC COUNTER 

I 

I READOUT I 

Figure 5.  Block Diagram Model 2401C DVM. 

T o  be useful as the central analog-to- 
digital converter in an automatic system, 
a D V M  must have several features which 
are not needed in a bench meter. Among 
these are binary-coded decimal output, 
and remote controls. If system use is not 
intended, cost can be reduced by omit- 
ting these features. 

The H P  3459A, stripped of system 
features, has accuracy to 0.008% over a 
wide range of environmental conditions. 
With maximum ability to reject the ef-  
fects of both superimposed and common- 
mode noise, Model 3459A is also the least 
costly instrument in this accuracy class. 

Similar to the 346OB, the H P  H04- 
3460A has a resolution of 1 part in 
1,200,000 and a sensitivity of 1 fiV on 
the 1 volt range. Its measurement and ac- 
curacy is 0.005% of reading. 

I I 

I S T  a ZND 
SAMPLE COUNTER 

SAMPLE 

GENERATOR 

ZND SAMPLE 

I I  
READOUT 

Figure 6. Block diagram of HP 3460B DVM. 

Selecting a Digital Voltmeter 
If the D V M  is to be used in a data 

acquisition system, binary-coded decimal 
(BCD) output and remote programming 
ability are necessities. Compatibility with 
related equipment (see page 78)  should 
be determined. 

When selecting a digital voltmeter to 
make accurate measurements in the pres- 
ence of noise, the digital voltmeter must 
discriminate the real signal from the noise 
appearing at its input terminals. Noise 
rejection by integration permits high 
accuracy in the presence of severe noise 

Table 1. Hewlett-Packard Digital Voltmeters. 

*Ootional: 2HP-2410B AC/Ohms Converter: -HP 3461A AC/Ohms Converter. 
* * 4  digits19 readings per sec; 3 digits/50 readings per sec. 
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conditions. The integrating digital volt- 
meter reads the average value of the in- 
put signal and fits into an attractive 
price class. 

Noise on the signal may be inexpen- 
sively reduced by equipping the digital 
voltmeter with a passive input filter. Fil- 
tering need not degrade voltmeter accu- 
racy, but it reduces measurement speed. 
Consideration of speed must be made if 
the digital voltmeter is to be used in data 
acquisition systems. 

Common-mode pickup, emf’s common 
to both high and loa-terminals, is fre- 
quently a severe measurement problem. 
Guarding, which virtually eliminates the 
effects of common-mode noise, could be 
highly important. The ability to track 
signals around zero may be needed, in 
which case inclusion of a bi -directional 
counter ( H P  2401C and H P  3460B may 
be desirable. Refer to Table 1 -a Hew- 
lett-Packard D V M  is available to meet 
most application requirements. 

AC/DC Converters: the ac-to-dc con- 
verter (Figure 7 ) typically produces a dc 
output voltage between 0 and 1 V dc pro- 
portional to the average value of the ap- 
plied ac voltage calibrated in rms. 

H P  CONVERTER TYPE 
(REFER TO PAGE) 

4C to DC 
3461A (pg 230) 

2410B (pg 227) 

3445A/3446A (pg 224) 

457A (pg 234) 

3400A (True rms) 

400E/EL (Avg) (pg 188) 
(pg 196) 

I H M S  lo DC 
3461A (pg 230) 

2410B (pg 227) 

3444A (pg 223) 

I C  AMPLIFIERS 
3461A (pg 230) 

2411A (pg 227) 
3443A (pg 222) 

3444A (pg 223) 

COMPANION 
H P  D V M  

34608 

2401C 

3439A-3440A 

3439A-3440A 

3439A-3440A 

34608 

240 1 C 

3439A-3440A 

34608 

2401C 
3439A-3440A 

3439A-3440A 

The frequency range for precision ac 
measurements (0.1% or better) has been 
restricted to the audio range but is con- 
tinually being extended. Measurement 
speeds for ac voltage depend on the fre- 
quency of the voltage and the measure- 
ment accuracy desired. 

+iT 

Figure 7. Typical ac ldc converter. 

Ohms-to-Dc Converter: the ohms-to- 
dc converter, frequently an additional 
function of ac - to - dc converters, pro- 
duces a dc output voltage between 0 and 
1 V dc proportional to the value of the 
unknown resistance applied. Most ohms- 
to-dc converters require a high input 
impedance! dc preamplifier. 

The new H P  3461AC/Ohms Converter 
D C  Preamplifier has maximum com- 
patibility with the 3460B, with which it 
measures ac voltages up to 1200 V rms, 

Table 2. Hewlett-Packard AC/Ohms converters. 

and resistances up to 1 2  megohms. It is 
fully guarded, automatic ranging on all 
functions, and is remotely program- 
mable. 

The compatible AC-ohms converter 
for the 2401c is the H P  Model 2410A. 

Plug-in AC/DC Converters : the H P  
3445A and 34464 Plug-ins are compan- 
ions to the H P  3439A and 344OA Digital 
Voltmeters. 

Analog Voltmeters used as AC/DC 
Converters: connect any dc D V M  with 
a 1 V dc range to the dc output of an 
analog voltmeter, such as the H P  400E/ 
EL. The 400E/EL gives good accu- 
racy as an ac-to-dc converter in its mid- 
frequency range from 50 Ht to 500 kHt.  
It has typically <0.40/, of reading error, 
even at 1/10 full scale, 200 Hz to 400 
kHz. 

True rms measurements from 10 H t  
to 10 M H t  can similarly be made by com- 
bining any dc digital voltmeter having a 
1-volt range with the H P  3400A RMS 
Voltmeter. 

Typical specifications of Hewlet t -  
Packard ac-to-dc and ohms-to-dc con- 
verters are listed in Table 2. 

P c 
-I 
0 
3 
P z 
z E 

RANGES m 

1 to 1000 v 
4 ranges x 0.1 to 1000 v 

3 ranges 

4 ranges 

12 ranges 

1 k Q  to 10 M Q  
5 ranges 

5 ranges 7 
100 mV to 1 kV 

5 ranges I 

1 
X 

ACCURACY OF CONVERTER 

(50 HZ - 100 kHz) 
* O . l %  to *0.25% 

10 .15  to 0.4% 

* O . l %  to * 0.3% 

(20 HZ - 100 kHz) 

(50 HZ - 100 kHz) 

(50 HZ - 500 kHz) 

(10 HZ - 10 MHz) 

(10 HZ - 10 MHz) 
10 .5% to +4% / - 10% 

* 0 2 %  

*0.75% t0*3% 

*0.008 to*0.014% 

* .OS% 

*0.3% to * 1% 

*0.004% to*0.005% +2pV 

* .03% 
*0.05% to*O.l% 

* 0.05% 

0 2 p  ==== 

==I aa 
5% 

4 I. 
z r  

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 
No 

No 

*Optional.plug-in circuit boar . :Standard 24101 utoranges with 2401C-M31. 
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DIGITAL VOLTMETER 
Precision at  the price of analog voltmeters 

Model 3430A 

Description 
The new Hewlett-Packard Digital Voltmeter offers accurate mea- 

surements at  the price of analog voltmeters. The  3430A can be used 
on the bench, and with an adapter, can be rack mounted. The  3430's 
solid-state construction offers continuous seri ice under rigorous op- 
erating conditions. This voltmeter is accurate and easy to read-easily 
operated by inexperienced perscnnel. 

The  Hewlett-Packard hfodel 3430A Digital Voltmeter is a pre- 
cision instrument permitting dc \ oltage measurements from * 100.0 
mV full scale to * 1000 V within I- (0.1% +1 digit) within a 
90-day calibration cycle. The  HP 3430A provides 2 readingsJsecond 
with up to 60% overranging capabilities on all ranges except the 
1000 volt range. Input resistance is a constant 10 megohms on all 
ranges. In-line digital display tubes and the polarity indicator indi- 
cate the voltage measurements. The digital display has a storage 
feature which prevents the display from changing until a new mea- 
surement has been taken. 

Voltage ratio option 
Three terminal ( low side of reference tied to low side of input) 

ratio is available. The  voltmeter indication is then proportional to 
the ratio of the input \-oltage (front terminals) and to the reference 
voltage (rear terminals). A rear-panel slide switch permits either 
normal or ratio mode operation. When the ratio mode is selected. 
a front-panel annunciator indicates RATIO to minimize the chance 
of operator error. 

Precision dc amplifier 
A precision (0.1%) dc output is ai-ailable at  the rear panel. This 

amplifier can be used while making measurements, provided the I(>ad 
resistance is 10 kn or greater. Additionally, the output of the am- 
plifier can be used to drive dc recorders. 

Specifications 
Voltmeter 

Ranges: full scale presentation of * 100.0 mV, 1000 mV, 10.00 
V, 100.0 V, and 1000 V (plus up to 60% overranging indicated 
with 4th digit) .  1000 V maximum input. Manual range selection 
with automatic decimal point positioning. Polarity selection and 
indication automatic. 

Voltage accuracy: t ( l % o f r d g . + l d i g i t ) f r o m  15'c to 35°C 
on a l l r a n g e s . ~ ( 0 . 2 5 % + 1  digit) from 0°C to 15°C and 3 5 '  
to 50°C on all ranges. 

Stability: rated accuracy i s  met after a 10 minute warmup period. 
The  voltage accuracy i s  guaranteed for three months. Zero 
stability is better than 2 5  /IV/"C. Zero should be adjusted if 
the operating source resistance i s  > l o 0  kn on the 100.0 mV 
range. 

Response time: input amplifier responds to 99.5% value of a 
step input in 0.5 seconds. 

Performance rating: 

Input characteristics: 
Input resistance: 10 Ma *0 .5%.  
Superimposed noise rejection: 40 dB at 60 Hz. increasing at 

12  dB/octave at higher frequencies. 
Isolation parameters: 

Input: floating; lowside (middle terminal on the front panel may 
be operated up to *500 V dc with respect to chassis ground 
350 V rms) .  

Effective common mode rejection: ratio of common-mode sig- 
nal to resultant error in readout. 
At dc: >90 dB on 100.0 m V  range, decreasing 20 dB per 

At 60 Hz: >90 dB on 100.0 mV range, decreasing 20 dB per 

DC amplifier: amplifier output i 1 6  V dc maximum into 10 kn 
minimum resistance. (Non-inverting voltage gain is 100 on 
the 100 m V  range, decreasing by a factor of 10 on each higher 
range). Gain accuracy * O . l %  (15OC to 35°C) i 0.15Ci: 
(0°C to 15°C and 35°C to 5 0 ° C ) .  

range. 

range. 

Operational features: 
Polarity selection. Automatic. 

RANEE 
$0" 

"* c 
3 4 3 0 A  

Display storage: continuous reading. No computation blink 
Sampling rate: fixed at 2/second. 

Overload protection: up to * 1050 V dc may be applied safely 
on all ranges except 100.0 niV range, where the limit i s  *700 
V dc. 

Extreme operation conditions: 

Overload indication: flashing display. 

Ratio Option 01 
Ratios from 0.0001: 1 to 1000: 1 can be measured 

Input ~ o l t s  
Display Xolts = 

Reference \ olts 
Annunciator indicates RATIO when rear-panel NORMAL-RATIO 

switch is set to RATIO. 
Reference input: 

Range: 0.8 to 1.2 V either polarity (selected at rear panel) for 

Instrument is usable with reference voltage between 0.2 V and 

Input resistance: 50 k * 2 %  for plus reference, 511 k * 2 %  

rated accuracy. 

1.3 volts. 

for minus reference. 
Front terminal input: 

Range: 100 mV full scale nominal on lowest range to 1000 V 

Polarity: either, with automatic indication. 
Input resistance: 10 MR on all ranges. 

*(0.15% of reading +I digit) 15'C to 35°C.  
* ( 0 . 3 0 %  of reading +1 digit) from O'C to 15°C and 35°C 

maximum on highest range. 

Accuracy: 

to 50°C. 
Maximum correct- indication: 

1333 for reference inputs between 1.0 and 1 . 2  V .  
1599 for reference inputs between 0.8 and 1.0 V.  

General 
Power: 1 1 5  or 230 volts * l o % ,  50 to 1000 Hz, approximately 

Dimensions: 6-3/32" high, 7-25/32" wide, 11" deep ( 1 5 5  x 190 

Weight: net: 9.75 Ibs (4,39 k g ) ;  shipping: 1 2  Ibs ( 5 , 4  k g ) .  
Price: H P  3430A, $595. 

20 watts. 

x 279 m m ) .  

H P  3430A, option: 01, $675. 
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Plug-in* 3 4 4 1 A  3 4 4 2 A  3443A 344411 
AC volts 

10 v to 1000 v * * * * * * * *  

DIGITAL VOLTMETERS 
Interchangeable plug-ins increase versatility 
Models 3439A/3440A 

3445A 3446A 

d 2/ 

3439A 

DC volts 100 mV 

DC amps 
to 1000 v 

Interchangeable Plug-ins Increase Voltmeter 
Versatility 

The HP Models 3439A and 3440A are compact, accurate, 
rapid and multiple-function digital voltmeters. The  choice 
of automatic ranging, remote and manual operation is ob- 
tained by using the 3441~4,  3442A2, 3443A3, 3444A, 3445A 
or 3446A plug-ins, which are interchangeable v,rith any 
3439A or 3440A. The  basic voltmeter is solid-state with 
easy-to-sen ice plug-in circuit cards mounted in the Hewlett- 
Packard modular enclosure. 

D C  voltages up to 999.9 V of either polarity are displayed 
in four significant digits with an accuracy of better than 
-0.05% - of reading t l  digit and with the polarity of the 
applied signal indicated automatically, Modes of range se- 
lection available for the plug-ins include manual, remote 
and automatic. Refer to Table 1 for data. The  bright, easy- 
to-read display reduces operator fatigue. Readout storage is 
another feature of the 3439A and 3440A with large rec- 
tangular digital display tubes which display the previous 
reading, changing only if the input voltage changes. A 
polarized light filter reduces the reflection of external light 
so that a good contrast results when the digits are lighted. 

Accuracy and Speed 
The 3439A and 3440A Digital Voltmeters have a dc ac- 

curacy of better than t0.05% of reading t l  digit over 
the ambient temperature of + 15°C to +40"C with a line 
voltage variation of I 10%. In  addition, specified accuracy 
is retained to 5 %  beyond full scale, a feature that permits 
5-digit resolution at the decade range change points. The 
ac input filter has a rejection of 30 dB at 60 Hz and the 
response time to a step change is 450 ms to read 99.95% 
of final value without a range change. 

The  input signal pair may be floatid up to 500 V above 
chassis ground without affecting accuracy, A n  additional fea- 
ture which results in high accuracy is the constant 1 0 . 2  
megohm impedance. This impedance presents a constant load 
on al l  voltage ranges. 

Plug-in Units 
Figure 1 illustrates the features obtained by using the 

d d 
2/ 

3441A, 3442A, 3443A, 3444A, 3445A or 3446A plug-ins 
with any 3439A or 3440A. 
I Plug-in function chart 

Manual ranging 
Auto-ranging 
Floating input 
Remote ranging 

.\/ v' 2/ 2/ 2/ 2/ 
d 2 /  d 

d d d d d d  
d d  d d  

I Dcl%o 1000 v I 2/ I 2/ I 2/ I I/ I I/ I I/ I 

1 O h m s  I I I I d 1  I I 

I Remote function I I I 1 I I d 1  
*3439A and 3440A require a plug-in to operate. 

**Average response measurements: 100 pV t o  300 volts, 50 Hz to  500 kHz use 
HP 457A. 1 mV to  300 volts 10 kHz to 10 MHz with HP 400 E! EL. True rms 
measuriments: 1 mV to 300 volts, 10 Hz t o  10 MHz, use HP 3400A. 

Figure 1. Plug-in Function C h a r t .  

BCD Recorder Output (3440A only) 
Each of the four digits, with polarity, function and deci- 

mal location, is represented by four-line, binary-coded deci- 
mal voltages in the 1-2-2-4 weighted code (1-2-4-8 avail- 
able on special order).  The  decimal, polarity and the four 
digits are in parallel-coded form and are completely com- 
patible with the HP 562A Digital Recorder which will print 
the information in 6 columns. 

Performance 
The operator can instantly verify the accuracy of the 

3439A and 3440A by pressing a front-panel button. Typical 
performance on the 3440A internal calibration source is 
better than 0.002% / " C  TC with stability typically better 
than k 0 , 0 5 % ,  over a 3 month period, The  linearity is ap- 
proximately %0.01% for the 10, 100, and 1000 V ranges 
with 0.03C; linearity full scale for the 100 m V  and 1000 
mV range. The  stability of reading is approximately k 1  
count. 
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Model HP 3440A 
5 samples per second to 1 per 5 seconds with storage 
during samples and "Hold." In "Hold" a sample may 
be initiated by applying a + lo-volt pulse 2 0 ~ s  wide 
or greater (ac coupled), or by contact closure. 
Signal common may be floated up to 500 volts.dc from 
4-line BCD (1-2-2-4) 6 columns consisting of 4 digits 
of data, polarity, function and decimal. 4-line BCD 

Printer Output: ( 1-2-4-8) available on special order. Impedance: 
120 k n  maximum, each line. "0" state level-24 
volts, "I" state level-1 volt. 
Positive: approximately -2.5 volts, 330 ohms source 
impedance. 
Negative: approximately -27 volts, 920 ohms source 
imoedance. 

Sample Rate: 

DC Isolation: 

Reference Levels: 

DIGITAL VOLTMETERS 
Interchangeable plug-ins increase versatility 

Models 3439A, 3440A 

HP 3439A 

Fixed at between 2 and 3 per second 

chassis ground. 

e--m CHiC" -- 
moo I 

3440A 

Hold-off 
Requirements: 

Remote Triggering: 

- - - -. 
Anywhere from + 6  volts to & I 5  volts max. from 
source impedance less than 2000 ohms. (provided by 
H P  562A Digital Recorder). 
+ l o  V pulse 20 p s  wide or greater, or a contact 
r , n E , , r P  

rPrint I Step from -12 volts to -2 volts dc from a 100 ohm 
EnilrrP I I 

I 

Dala 
0 

Power: 
Weight: I Net  18 lbs ( 8  kp): ShiDDinP. 2 3  lbs (10.15 ke). 

I 115 or 230 volts * l o % ,  50 to 1000 Hz, approximately 20 to 30 watts. depending upon plug-in. 

Logic Logic J75462A J74-562A 
Function 1-2-2-4 1-2-4.8 Std. J77-562A 576-562A 
+ volts 0000 0000 0 + +V 

I 

I 
- ~ ~ - -  ~ ~ - 1  ~ \ Y I I  ~ I I  Y - .. -~ 

I Dimensions: I 16%" wide x 5-7/32" hiah x 11%" deep (425.5 x 132.5 x 285,6 m m ) .  

7 
8 
9 

overrange 1110 7 * * *  
8 

overrange 1111 9 * ** 

H P  KOI-3440A Plug-in Extender. $65.00. 

H P  J74-562A/AR: Digital Recorder for use with H P  3440A ac- 
cepting 1-2-2-4 BCD code. (Floating Operation to 1.500 V dc.) 
Includes special print-wheel, 6 BCD column boards, input con- 
nector assembly with cable. Cabinet, $1693; rack, $1668. 

H P  J75-562A/AR: Same as J74-562A/AR except for single char- 
acter function symboLCabinet, $1673 ; rack, $1648. 

H P  J76-562A/AR: Digital Recorder for use with H P  3440A ac- 
cepting 1-2-4-8 BCD code (Floating operation to * 500 V dc ) .  
Includes special printwheel, 6 BCD column boards, input con- 
nector assembly with cable. Cabinet, $1693; rack, $1668. 

H P  J77-562A/AR: Same as J76-562A/AR except for single char- 
acter function symbol. Cabinet, $1673 ; rack, $1648. 

Note: 

( H P  3440A Only) 

If the 34404 is used to drive an HP 562A Printer with a 2nd 
floating input to the 562A, a special H27-3440A is available. It 
allows 150 V dc to exist between the 3440A common and the low 
side of the 2nd input. U p  to 500 V dc can exist between the 3440A 

common and chassis. Price and delivery will be provided upon 
request. 

1 .... , - I '  I 

I 1  I -vo l ts  I 1000 I 1000 I 1 I - I -v I 

ac volts 0110 
ohms i2 n 

AC 
1110 1010 

0110 6 - 6 ac volts 
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3441A Range Selector 
The H P  3441A Range Selector is a plug-in unit with a 

range switch to manually select one of three voltage ranges; 
10, 100, or 1000 volts. 

3442A Automatic Range Selector 
H P  Model 3442A Automatic Range Selector is also avail- 

able for use with the 3439A or 3440A Digital Voltmeters. 
The  3442A retains the manual range selection and adds 
automatic and remote range features. Ten percent hysteresis 
is built into the automatic ranging function of the 3442A. 

3443A High Gain/Auto Range Unit 
H P  Model 3443A High Gain/Auto Range Unit, avail- 

able for use with the 3439A or 3440A Digital Voltmeters, 
features automatic or remote range selection from 100 mV 
to 1000 volts full scale. A front-panel, zero offset control 
enables the operator to obtain a zero indication at the D V M  
to compensate for the themocouple voltages of external 
connections, The  3443A has the same ranging capabilities 
as the 3442A with the additional features of two added 
ranges and 10 pvresolution, making it ideal for thermo- 
couple and transducer measurements. 

Specifications 3441A, 344214 
Voltage range: 4-digit presentation of 9.999, 99.99, and 

999.9 volts full scale with 5 %  overrange capability and 
overrange indicator. 

Voltage accuracy: k 0 . 0 5 7 ~  of reading 2 1  digit including 
line voltage variations of *lo% from nominal. A front- 
panel adjustment on the 3440A insures accuracy over the 
temperature range between +15'C and +40°C and 
2 0 . 1 %  i-1 digit over the temperature range of O°C 
to +15OC and +4OoC to +50°C.  

Range selection: with 3441A, manual. With 3442A: man- 
ual, automatic and remote range change speed. auto- 
matic (max.)  achieves accurate reading in less than 1 
second after new voltage is applied; Remote (max.) will 
change range with 40 ms. 

Voltmeter input impedance: constant 10.2 megohms (to dc) 
all ranges. 

Polarity: automatic indication. 
Input filter characteristics: response time; less than 450 ms 

to a step function to within 99.95% of final value (with- 
out a range change). 

Input filter ac rejection: 10, 100 and 1000 volt ranges: 30 

Weight: 
dB at 60 Hz, increasing at 1 2  dB/octave. 

3441A: net 1 lb (0,45 k g ) ;  shipping 4 Ibs (1,8 k g ) .  
3442A: net 1.5 Ibs (0,7 k g ) ;  shipping 4 Ibs (1.8 k g ) .  

Price: HP 3441A, $40; HP 3442A, $135. 

Voltage range: 4-digit presentation of 99.99 mV, 999.9 mV, 
9.999 volts 99.99 volts, and 999.9 volts full scale with 
5 7~ overrange capability and overrange indicator. 

9.999 V to 999.9 V full scale: 2 0 . 0 5 %  of reading t l  
digit including line voltage variations of 2 1 0 %  from 
nominal. A front-panel adjustment on the 3440A in- 
sures accuracy over the temperature range between 
+15OC and + 4 0 ° C  and &0,1% t l  digit over the 
temperature range of 0°C  to +15"C and +4OoC 
to +50'C. 

99.99 mV and 999.9 m V  full scale: &0.1% of reading 
digit including line voltage variations of & l o %  

from nominal. A front-panel adjustment on the 3440A 
insures accuracy over the temperature range between 
+ l j c C  and +4OoC and k O . l j ' j &  2 1  digit over the 
temperature range of 0°C to + l j ° C  and +4OoC 
to + 5 0 " c .  

Range selection: Manual, Automatic and Remote Range 
Change Speed : Automatic (max.) achieves accurate 
reading within 1.5 seconds after new voltage is applied; 
Remote (max.)  will change range within 40 ms. 

Voltmeter input impedance: constant 10.2 megohms (to ac) 
all ranges. 

Polarity: automatic indication. 
Input filter characteristics: (to a step function to within 

99.95% of final value without a range change) 10, 100, 
1000 V dc ranges; response time <450  ms. 100, 1000 
mV ranges; < 1 second. 

Input filter ac rejection: 10, 100, and 1000 volt ranges: 30 
dB at 60 Hz increasing at 1 2  dB/octave. 100 and 1000 
mV ranges: maximum of 40 mV and 400 mV p-p re- 
spectively at 60 Hz for less than 0.1% of full-scale error; 
allowable ac increasing at 6 dB per octave. 

Specifications 3443A 

Voltage accuracy: 

Weight: net 3 Ibs (1,35 k g ) ;  shipping 6 Ibs (2,7 kg).  
Price: HP 3443A, $450. 
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100 k 
3444A 

10 MA 

3444A DC Multi-Function Unit 
T h e  HP 3444A D C  Multi-Function Unit, available for 

use with the 3439A and 3440A Digital Voltmeters, features 
voltage, 'current and resistance-measurement capabilities in 
one plug-in module. 

This plug-in offers manual-ranging dc voltage, dc current 
and resistance measuring capabilities. Full-scale ranges of 
100 m V  to 1000 V with 10  pV resolution make this plug-in 
ideal for thermocouple and transducer measurements. Full- 
scale current ranges of 100 PA, 1, 10, 100 and 1000 mA 
are available with a maximum sensitivity of 10 nA. Five 
resistance ranges of 1000 ohms to 10 megohms are pro- 
vided. 

Specifications 
Voltage range: 4-digit presentation of 99.99 mV, 999.9 mV, 

9.999 volts, 99.99 volts, and 999.9 volts full scale with 
5 % overrange capability and overrange indicator. 

Current range: 4-digit presentation of 99.99 PA, 999.9 PA, 
9.999 mA, 99.99 mA and 999.9 mA with 5 %  overrange 
capability and overrange indicator. 

Resistance range: 4-digit presentation of 999.9 ohms, 9.999 
k ohms, 99.99 k ohms, 999.9 k ohms and 9.999 meg- 
ohms with 5% overrange capability and overrange indi- 
cator, 

9.999 V to 999.9 V full scale: i 0 . 0 5 %  of reading t l  
digit including line voltage variations of *lo% from 
nominal. A front-panel adjustment on the 3440A in- 
sures accuracy over the temperature range between 
$-15OC and +40°C and t O . l %  i.1 digit over the 
temperature range of 0 ° C  to + l 5 " C  and +4OoC 
to +5Ooc. 

99.99 m V  and 999.9 m V  full scale: k O . l %  of reading 
-+-I digit including line voltage variations of 
from nominal. A front-panel adjustment on the 3440A 
insures accuracy over the temperature range between 

Voltage accuracy: 

1 M  

+15OC and +4OCC and 20.15% 2 1  digit over the 
temperature range of O°C to +15OC and +4OCC 
to +5OCC. 

Current accuracy: i .0.2% of reading fl digit with line 
variations of 2 1 0 %  from nominal. 

Resistance accuracy: k 0 . 3 %  of reading r+ l  digit for all 
ranges up to the 10 megohm range with line variations 
of + l o %  from nominal. of reading 2 1  digit on  
the 10  megohm range with line variations of & l o %  
from nominal. 

Ohmmeter current: 

1 u A  

I Range I Short circuit current 1 

Range 

100 p A  

1000 FA 

I l k  - 1  1 mA 1 

Input resistance 

1000 ohms 

100 ohms 

I 10 k I 100 MA I 

100 mA 

1000 mA 

1.3 ohms 

0.4 ohms 

I 10 M I 0.1 MA I 
Range selection: manual. 
Voltmeter input impedance: constant 10.2 megohms ( to  dc) 

Ammeter input resistance: 

all ranges. 

I 10 mA I 10 ohms I 

Polarity: automatic indication. 
Input filter characteristics: 

Voltage: less than 450 ms to 99.95% of final value for 
full-scale step function on 10, 100 and 1000 volt 
ranges. Less than one sec to within 99.95% of final 
value for a full-scale step function on 100 and 1000 
mV ranges. 

Current: less than one sec to 99.95% of final value for a 
full-scale step function on all current ranges. 

Resistance: 1000 ohms to 1 megohm; less than 1.0 sec 
to 99.95% of final value. 10 megohms; less than 5.0 
sec to 9 9 . 9 5 9  of final value. 

Input filter ac rejection: 
Voltage: 10, 100 and 1000 volt ranges; 30 dB to 60 Hz, 

increasing 12 dB/octave. 100 and 1000 mV ranges; 
maximum of 40 m V  and 400 m V  p-p respectively at 
60 Hz for less than 0.1% of full-scale error; allow- 
able ac increasing at 6 dB/octave. 

Current: p-p ripple current may be up to 40% of full-scale 
range at 60 Hz for less than 0.1% of full-scale error; 
allowable ac increasing at 6 dB/octave, 

Weight: net 3 Ibs (1,35 k g ) ;  shipping 5 lbs ( 2 3  k g ) .  
Price: HP 3444A, $575. 
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3445A 

3445A AC/DC Range Unit 
3446A AC/DC Remote Unit 

The H P  Model 3445A AC/DC Range Unit or the H P  Model 
3446A AC/DC Remote Unit may be used with the 3439A 
or 3440A Digital Voltmeters, for ac or dc measurements. These 
solid-state units have three full-scale ranges for both ac and dc 
from 10 to 1000 volts. The ac conversion circuit of the 3445A 
and 3446A produces a dc output voltage proportional to the 
average value of the applied ac voltage and is calibrated in 
rms. The table in the specifications illustrates the differences 
between the 3445A and 3446A Plug-ins. 

Combining the H P  463A Precision Amplifier with the 3445A 
or 3446A increases the sensitivity of either plug-in from 10 
volts full scale to as low as 10 mV full scale over a frequency 
range of 50 Hz to 100 kHz. Because the H P  463A is a direct- 
coupled amplifier it can be used to increase the dc sensitivity 
with any 3441A, 3442A3, 3445A or 3446A Plug-in with any 
3439A or 3440A Digital Voltmeter. For further information 
refer to the 463A Data Sheet. 

3446A 

Specifications 
Voltage range (ac & dc): 4-digit presentation of 9.999, 99.99, 

and 999.9 volts full scale with 5 %  overrange capability and 
overrange indicator. 

Voltage accuracy (ac): 1+2 counts from 20°C to 30 'c  including 
line voltage variations of &lo% from nominal. 

Input Terminals 

Range selection 

Function Selection 
Input Impedance 
(nominal) 

yo Reading yo Full Scale Chart 

Plug-In only Plug-in & Main Frame 
selected by Front Panel 
Switch 

Manual, Automatic, Manual, Remote 
Remote 

Manual Manual, Remote 
Plug- in  Input :  10 
megohms/ 35 PF 
Main-Frame input:  10 
megohms/l75 pF 

10 megohms /20 pF 10 V to 1 kV *0.1 i.o.1 
Full Scale rdg f.s. 

@ J U B A  kCID0 REMOTE UNIT 

INWT IIJNCT'UY RANGE INPUT 

*0.1 to * 0.3 
linearly derated f.s' 
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The 2401c Integrating Digital Voltmeter combines the 
precision and measurement flexibility of a laboratory instrument 
with the programming and electrical output features necessary 
for systems use. 

Design features virtually eliminate measurement errors due 
to extraneous noise superimposed on the signal, without re- 
striction on grounding of the signal source, recorder, or pro- 
gramming device. Signals as small as a few per cent of full 
scale can be accurately measured even in the presence of noise 
approaching three times full  scale. Controls and input/output 
features of the 2401C permit maximum versatility of applica- 
tion in an instrument that is simple to use. Programming of 
the 2401C (for digital systems applications) requires only ex- 
ternal circuit closures to ground and does not affect noise 
rejection properties. 

The 2401C measures the average value of the applied volt- 
age over one of three fixed crystal-controlled sample periods 
(0.01, 0.1 and 1 second), selected manually or remotely. Ac- 
curacy is 0.01% of reading +0.005% of full scale +1 digit 
(at 25°C).  Reversing counter circuits permit signals to be 
integrated around zero with full instrument accuracy. The 
6-place display ensures that resolution will not limit a reading. 

D C  voltages are measured in five ranges from fO.l V to 
&lo00 V full scale. Range selection is manual, remote or 
(optionally) automatic. Overranging to 300% of full scale is 
permissible (all ranges except 1000 V ) ,  providing additional 
resolution and accuracy on the commonly used 1-to-3 readings. 

Operation of the optional auto-ranger is extremely fast-34 
msec maximum range change time. The 2401C with auto- 
ranging finds excellent application at  high sampling rates with 
varying input signals and at rapid scanning rates when em- 
ployed in multi-channel systems with widely varying signal 
levels. The auto-ranger also will select proper range of optional 
preamp and ac/ohms converter at reduced ranging speeds. 

A precision internal standard with stability of k0.006% per 
6 months (independent of measurement circuit) is included for 
calibration. An additional mode of operation permits the 2401C 
to be used for direct frequency measurements up to 300kHz. 
Crystal-controlled gate times of 0.01, 0.1 or 1 second can be 
selected; alternatively, the gate can be opened and closed manu- 
ally or remotely. For increased accuracy on low-frequency 
measurements optional period average measurements of 1, 10 
or 100 periods of the signal frequency can be made directly 
in milliseconds. 

The 2401C is designed for fully automatic operation within 
a digital data acquisition system. Measurement function, volt- 
age range, sample period, sampling rate and integration interval 
all can be selected by external circuit closures to ground. While 
the measurement circuit of the 2401C is guarded, all remote 
control lines and electrical outputs are referred to chassis 
ground and do not interfere with the guard. BCD signals for 
use with output recorders are produced for each measured 
digit,for measurement function, voltage range and polarity. 

AC/Ohms measurement 

The Model 2410B AC/Ohms Converter enables ac voltages 
and resistances to be measured with the 2401c and 3460A 

Digital Voltmeters.AC voltages up to 750 V peak and resis- 
tances up to 107 ohms are converted to proportional dc voltages 
between 0 and 1 volt. Optionally, either the ac voltage or resis- 
tance converter section may be omitted from the 2410B for 
applications requiring only one type of measurement. 

AC common mode pickup on ac voltage and resistance 
measurements is virtually eliminated through the use of 
guarded measurement circuits in the 2410B. However, to obtain 
the benefits of guarding, the converter must be used with a dc 
measuring instrument having a guarded input circuit such as 
the 2401C and 3460A Digital Voltmeters. 

Multiple inputs may be applied to the 2410B Converter via 
a Dymec input scanner. For maximum guarding and/or highest 
resistance measurement accuracy the 291 1 Guarded Crossbar 
Scanner is recommended; this scanner accepts 200 guarded ac 
voltage inputs or 100 guarded 4-wire resistance inputs. 

Guarded data amplifier 

The 2411A/2401C combination offers a full scale input range 
of 10 mV with overranging to 30 mV, ideal for measuring 
outputs of sources such as thermocouples and strain gages. 
The low zero drift and noise contributed allow excellent ac- 
curacy to be obtained in low-level measurements. 

The 2411A Amplifier is floated and guarded, thereby pre- 
serving the high common mode noise rejection properties of 
the guarded 2401c Voltmeter when the two instruments are 
used together. Guarding effectively eliminates the severe errors 
that would otherwise arise when working with grounded signal 
sources. The 2411A Amplifier also acts as a buffer. Its input 
resistance is so high-greater than 10'0 ohms-that loading of 
the signal source is negligible. 

The amplifier will supply an output of 5 10 V peak at  1 mA. 
An overload protection circuit automatically switches the ampli- 
fier to the bypass mode if the output exceeds k10 .5  V ;  over- 
loading is indicated by a front panel lamp. The instrument can 
be reset by a front panel pushbutton or external signal. Inputs 
up to 2 3 0 0  V peak may be applied to the 2411A without dam- 
age. Short-circuiting the output in the + I  and + l o  modes 
has no harmful effect on the amplifier. 

The 2411A Amplifier operates directly with the 2401c 
Digital Voltmeter, and it is furnished with the necessary inter- 
connecting cables. Logic circuitry is included to reposition the 
voltmeter decimal point automatically when the amplifier is 
switched to its + 10 gain. This convenient feature takes effect 
on the voltmeter's 0.1 V and 1 V input ranges, and all three 
sample periods. The voltmeter's recording output is also cor- 
rected, precluding the misinterpretation of the recorded data 
that could otherwise occur. If the amplifier is overloaded in 
the + 10 mode, it will switch automatically to the bypass mode 
and shift the voltmeter decimal point back to its normal posi- 
tion. The logic circuitry for decimal point positioning is con- 
tained on a plug-in card for the voltmeter; this card is furnished 
with the 2411A Amplifier. 
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INTEGRATING DVM 
Precise measurements despite severe noise 
Model 2401C 

2401C 

Specifications, 240 1 C 

DC voltage measurements, noise rejection: overall effective 
common mode rejection: 140 dB at all frequencies 160 dB at dc 
(0.1 sec. sample period);  common mode rejection: 120 dB at 60 
Hz 160 dB at dc, with 1000 ohms between low side of source and 
low side of input (resistances up to 10 k n ) ;  superimposed noise 
rejection: more than 20 dB at 5 5  Hz for 0.1 sec. sample period, 
increases 20 dB  per decade increase in frequency, infinite rejection 
at frequencies evenly divisible by 10. 

eo, I 

NOISE mmumcr - n, 

SUPERIMPOSED NOISE REJECTION 

Fig. 1) Superimposed Noise Rejection 

Input circuit: type: floated and guarded signal pair, may be operated 
up to 500 V above chassis ground; ranges: 5 from 0.1 to 1000 V 
f.s., selection by front-panel switch or remote circuit closure to 
ground, polarity sensed automatically; overranging: to 300% f.s. 
except 1000 V range; overload: range automatically switched to 
1000 V at 310% f.s., reset by next read command; input im- 
pedance: 10 MO on 1, 100, 1000 V ranges, 1 M a  on 1 V range, 
100 kO on 0.1 V range < I 5 0  pF  all ranges, 

Accuracy: 0.01% of reading *0.005% f.s. 2 1  digit at 25°C; tem- 
perature coefficient O . O O l ~ o  of reading per "C 10 to 4O0CC. 
(calibrated at temperature);0.0015% of reading 40 to 50°C. 

Internal calibration source: 2 1 V standard for self-calibration; 

Auto-ranger (optional) voltage ranges: automatically selects range 
from 5 input ranges of standard instrument (0.1 V to 1000 V f.s.) 
also selects appropriate gain setting ( X l  to XlO) when 2401C 
is used with 2411A Amplifier; range change points: up-ranges at 
310% f.s., down-ranges at 30% f.s. range select time: 6 msec 
(nominal) for each range change max. time from receipt of read 
command to start of sample period 34 msec. 

DC voltage integration: input signal is integrated over selected 
sample period; using fixed sample period, integral is average of 
input, readout in volts; sample period may be started/stopped 
manually or remqtely, display reads in mV sec. or V sec. 

Range: 5 Hz to 300 kHz optionally to 1.2 MHz, gate time 0.01, 
0.1, 1 sec. or manual; accuracy: count time base ac- 
curacy; time base: stability at constant temperature ( 2  "C)  is 
2 2/1O'/week, temperature effect * 10OJ10" over-range 10 to 
50°C, provisions for external time base; display time: variable 
from 0.2 to 7 sec, or held until reset; input sensitivity: 0.1 to 
100 V rms or will accept neg. pulses; impedance: 1 MO 
shunted by 150 pF. 

Period measurements 

Frequency measurements 

Ranges: 1, 10, and 100 periods; 5 Hz to 10 kHz; display directly 
in ms; resolution referred to single period: 1 period, 100 rusec; 
10 periods,lO p s ;  100 peric;ds,l psec; accuracy is 2 1  count 
2 time base accuracy 2 trigger error divided by number of 
periods. Averaged sensitivity and impedance same as frequency 
measurements. 

General 
Display: 6 digit in-line digital-tube readout; polarity, decimal 

point, function and overload condition indicated automatically. 

Recording outputs: BCD output provided for function and 
polarity,l digit; data, 6 digits; decimal point, 1 digit. 

Frequency output: internal 100 kHz frequency standard avail- 
able. 

External programming: may be completely programmed by ex- 
ternal circuit closures to ground. 

Operating conditions: specifications apply for ambient tempera- 
tures 10 to 50°C. relative humiditv to 95% at 40°C. 

Power: 1 1 5  or 230 V * i o % ,  50 to 60 Hz, 150 W. 
Dimensions: 19" wide, 7" high, 183/" deep behind front panel 

stability 20 .006% per 6 months at 25"C, temperature coefficient 
+O.OOI% per " C  10 to 40 "C;reference derived from specially 
selected temperature-stabilized zener diode. 

(483 x 177 x 467 m m ) .  Measurement speed: fixed sample periods of 0.01, 0.1 or 1 sec. 
selected by front-panel switch or remote circuit closure to ground. 

Resolution: depends on sample period; max. 1 4V per digit. 

Weight: net, 48 Ibs (22 k g ) ;  shipping, 70 Ibs ( 3 3 , 5  kg)  

Price: 2401C, $3950 
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Accuracy l . ,  2. 
(At  25’C) 

Specifications 2410B (used with 2401C) 
AC voltage measurements 

Common mode noise rejection: 110 dB at 60 Hz with 1000 
ohms between low side of source and low side of input. 

Input circuit: frequency range: 50 Hz to 100 kHz voltage ranges: 
5 from 0.1 V to 1000 V rms f.s. 1000 V range usable to 750 V 
peak; overranging to 300% f.s. on all ranges except 1000 V 
input impedance: 1 M a  shunted by 100 pF. 

Output circuit: output voltage, 1 V dc f.s. into 1 M a  load 
impedance for all input ranges; output resistance, 60 k ohms; 
response, for frequencies below 400 Hz output settles to within 
0.2% of final value in 500 msec. frequencies above 400 Hz 
output settles to within 0.2% in 200 msec. 

Accuracy: for *IO% line voltage change and operating with 
2401C when calibrated daily with internal standard, specs hold 
for 3 months. 

*% rdgl+=% fsl*% rdg l*% fsl*% rdg(+=%fs 
.IO 1 .05 I 20  1 .06 1 30 1 .IO 

I Signal Freuuency 4. 150 Hz10 10 kH~~ lOkH1to30kHz~SOkHz lo l~kHz~  

Temperature Effect 3. 5. 
(Per°C change from 25% 10 to 50°C) ,005 - .01 - ,015 - 

Effect 
Per “C change from 
2 5 T ,  f rom 10 to 5 O O C )  

1. Does not include =1 count display ambiguity, or possible errors f r o m  re- 
sponse time or output ripple. 

2. Overrange accuracy: % fs errors are taken as % rdg and added to existing 
% rdg error. 

3. Does not assume calibration of 2401C at operating temperature. 
4. For steady state accuracy at 30 Hz add .05% rdg. Fo r20  Hz a d d  .15% rdg. 
5. .004% with HP 3460A. 

Resistance measurements 
Noise rejection: resistance measurement circuit enclosed in same 

guard as ac converter; ac common mode pickup on resistance 
measurements eliminated by connecting guard to grounded end 
of test resistance; double-shielded cable allows extension of 
guard to test resistance. 

Input circuit: type: guarded modified 4-terminal circuit ranges: 
0.1 k, l  k , l O  k, 100 k, 1 M a ,  10 MR f.s. ; overranging: to 
300% of f.s. on all ranges except 10 Ma. 

Output circuit: ou tpu t , l  V dc full scale into 1 MR load im- 
pedance for all ranges; output resistance less than 10 ohms on 
all ranges except 10 Ma where it is 100 kR; response, output 
settles to 99.995%of final value in 100 msec (for 100 ft. of 
Dymec resistance measurement cable). 

Accuracy: specs hold for *IO% line voltage change and refer 
to operation with 2401C for 6 months when calibrated daily 
against internal standards. 

remp. 
Not 
Calibrated .002 ,0003 ,002 ,001 ,003 ,006 
a t  oper.  
tpmn 

7 

A I  2%2 l . ,  Z., 3. *% rdg * % f s  
.02 .01 

Temperature Effect 4. ,005 ,001 
(PePC change from 2 5 T ,  10 to 50°C) 

1. Figures do not include 21 count display ambiguity. 
2. Overrange accuracy:  Take % fs error  as % rdg, add to existing % rdg error. 
3. Internal settling delay of 100 ms reduces response error to .005% rdg. This 

error is included in above figures. 
4. Figures f o r  operation with 2401C reduce to ~004% rdg =.0005% f s  if voit- 

meter is calibrated at operating temp. 

General 
External programming: measurement mode (Ohms, DC, AC 

Normal, AC Fast) and range selected by external circuit clos- 
ures to ground; commands for 2401C applied to 2410B. 

Programming outputs: contact closures representing measure- 
ment mode and range supplied by 2410B used to program the 
2401C. 

Operating conditions: ambient operating temperatures 10 to 
+5O0C; relative humidity to 95% at 40°C. 

Power required: 115/230 V * l o % ,  50 to 60 Hz, 110 W approx. 
Dimensidns: 19” wide, 7 “  high, 17%” deep behind panel (483 

Weight: net 43 Ibs ( 19,4 kg)  ; shipping 60 Ibs (27 kg ) .  
Price: 2401B, $2250, ac only, $1850; ohms only $1650. 

x 177 x 438 m m ) .  

Specifications 2411A (used with 2401C) 
Noise rejection 

Effective common mode rejection when used with guarded 2401C 
Digital Voltmeter is 134 dB minimum at all frequencies, 154 dB 
at dc (0.1 second sample). 2411A reduces common mode rejec- 
tion of 2401C by less than 6 dB. 

+1 and +IO (non-inverting). Bypass mode permits use of 
2401C to 1000 V.  Gain setting and bypass mode selected manu- 
ally or remotely. 

Accuracy Specifications for 2401C/241 IA combination Specifica- 
tions hold for *IO% line voltage change; 6 months operation. 
Assume daily calibration against internal standard; signal source 
impedance < 100 kR. 

Gain 

Accuracy 

Accuracy specifications for 2401C/2411A 
combination 

TemDsrature 

1. 
2. 

3. 

Reading-to-reading fluctuation from mean value with steady input signal. 
Overrange accuracy: At 2 x fs a d d  % rdg error equal to (.008% - one half 
% fs error  listedj. 
At 3 x fs add  % rdg er ror  equal to (.014% - one third % fs  error  listed). 
This combina t ion  of voltmeter range a n d  ampl i f ie r  gain is selected by 2401C 
Autoranger. 

Zero drift: 1 p V  per week, 0.5 pV per “C.  

Input circuit: input resistance: 10’’ ohms for relative humidity to 
95% at 40°C; input capacitance; 180 pF nominal; full-scale input. 
k l O . 5  V for + l  gain, 21 .05  V for f 1 0  gain i 1 0 0 0  V in 
bypass mode; amplifier automatically switches to bypass when 
input exceeds these values. 

Output circuit: max. output: t 1 0 . 5  v. at 1 ma 

Setting error: < 1  count (0.001% of f.s. on 1 sec. gate) with si- 
multaneous application of signal and encode command. 

Programming: range, selected by external contact closures to 
ground, selections take .<6 msec; programming output, com- 
mands from system scanner routed t n  voltmeter; generates contact- 
closures to ground when switched to LIO for correct decimal 
indication on 2401C. 

Operating conditions: 10 to 50°C ambient temperature range; up 
to 95% relative humidity at 40°C. 

Power: 115 to 230 V *io%, 50 to 1000 Hz. 16 XI. 

Dimensions: 16%’’ wide, 3%“ high, 11?,’~’‘ deep behind panel 
(425 x 88 x 286 mm) :  hardware furnished to convert to 19” 
wide rack mount. 

Weight: net 17 Ibs (7,7 kg);  shipping 26 Ibs (11.7 k g ) .  

Price: 2411A $1200, 
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DIGITAL VOLTMETER 
20.004% accuracy, lab precision, systems speed 
Model 3460B 

Description 
T h e  new all solid-state Hewlett-Packard 3460B Digital 

Voltmeter offers a broader measuring capability at moderate 
cost than any other digital voltmeter available. High ac- 
curacy and resolution, high reading rate with more than 
j-digit readout and constant high-input impedance are in- 
sured with the H P  3460B. 

This guarded digital voltmeter permits automatic and 
remote-controlled dc measurements from 1 V to 1000 V full  
scale, Low-level measurements of m V  can be ob- 
tained with 10 pV resolution. A high accuracy of t0.004% 
of reading &0.002cjc of full scale makes the 3460B ideal 
for precision measurements. T h e H P  3460B provides up to 1 5  
readings per second, 20% overranging on all ranges offers 
full-scale display within specified accuracy ( u p  to 1200 V on 
the 1000 V range).  Another feature is the choice of constant 
10 IMR input impedance or 1 0 l n ~  input impedance on the 
1 V or 10 V range. In-line digital display tubes and the 
polarity indicator display voltage measurements from 
t 0 . 0 0 0 0 1  to t 1199.97 V dc. These measurements are made 
with an absolute accuracy of t O . 0 0 4 p  of reading 
5 0 . 0 0 2 %  of full scale over a temperature range from 
+ 20'C to + 30°C for a period of 70  days. Voltage accu- 
racy temperature coefficient is t0.00027, of reading/"C 
over a temperature range of O0C to +50GC.  Four input 
voltage ranges of 1.00000, 10.0000, 100.000, 1000.00 may 
be selected by front-panel pushbuttons, automatically or by 
remote control. A decimal point is automatically positioned 
so that the display always reads directly in volts. 

The  H P  3460B is fully programmable. Permanent test 
records of all readings including polarity, decimal location, 
function and overload are available with accessory H P  
Model 562A Printer, 

Accessory instruments include the floating and guarded 
H P  3461A for ac voltage and resistance-measuring capa- 
bilities plus a preamplifier offering 1 pV dc sensitivity. See 
page 230. 

Integratingpotentiometric technique 

T h e  3460B is distinctly different from all other types of 
digital voltmeters. It combines potentiometric and integra- 
tion techniques and continually measures the true average 
of the input voltage over a fixed sampling period. I t  attains 
- +0.004% accuracy as a result of the potentiometric tech- 
nique which makes use of resistance ratios and a stable ref- 
erence voltage. The  use of integration in this combined 
technique results in much of the superimposed noise im- 
munity of integrating DVM's. The  voltmeter, in one 5" 
high, 19'' wide convenient rack-mount unit, combines the 
extreme precision and measurement flexibility expected from 
laboratory standards with the programming and electronic 
output features necessary for automatic systems. 

Programming the 34608 
The  H P  3460B is designed for fully automatic opera- 

tion within a digital data acquisition system. Measurement 
function, voltage range and integration period can all be 
selected by external circuit closures to ground. 

T o  simplify system cabling, signal input connections can 
also be made at the rear of the instrument. All remote- 
control lines and electrical outputs are referred to the chassis. 
Grounding the chassis does not affect the floating capabili- 
ties of the input lines and guard, 

AC voltage and resistance measurements 
AC voltages up to 1200 V rms and resistances to 12 MR 

can be measured with the 3460B using an HP 3461A 
AC/Ohms Converter-DC Preamplifier. In addition, the 
3461A enables measurements with a constant 10'OR input 
impedance on the 0.1 V, 1 V and 10 V ranges to be made. 
Insertion of one plug-in board and one function-indicating 
tube adapts a standard 3460B for use with any 3461A 
AC/Ohms Converter-DC Preamplifier. When the 346OB is 
used with the 3461A, complete guarding and signal-pair 
isolation is maintained. All functions and ranges are man- 
ually or remotely programmable; autoranging is offered on  
all functions. For additional information refer to page 230. 
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3459A 
i 

Specifications 

within specified accuracy Voltage measurements from k 0  0001 
to k1199 99 volts dc are made with an absolute accuracy of 
*0.008% of reading *0.002% of full scale over a tempera- 
ture range from +2O"C to +3O'C for a period of 90 days 
Voltage accuracy T.C is t o  00025% of reading &0.00015Y, 
of full scale/'C over a temperature range of 0°C to + 5 0 " c  
Three input voltage ranges of 10.0000, 100 000 and 1000 00 full 
scale can be selected manually by front-panel pushbuttons or 
automatically. 
Price: H P  3459A, $2850. 
Options 

01 1-2-2-4 BCD output, add $140 
02 1-2-4-8 BCD output, add $140. 

Ranges: full scale, 2 1.00000, i 10.0000, i 100.000, and 
~ 1 0 0 0 . 0 0  (up to 20% overranging indicated with 6th digit). 
Range selection may be made automatically, remotely or 
manually. 

Absolute voltage accuracy: 20.004% of reading k0.002% 
of full scale over a temperature range from +20"C to 
+ 30°C for a period of 90 days. 

Voltage accuracy temperature coefficient: i0 .0002% of 
reading/'C ~ 0 . 0 0 0 1 %  of full scale/"C over a tempera- 
ture range of 0°C to +50°C. 

Short-term stability: i0 .0025% of reading k0.0015% of 
full scale from +20°C to +30"C temperature range and 
relative humidity up to 50% for a period of 24 hours. 

Long-term stability: k0.008% of reading iO.O025% of full 
scale from +20"C to + 30°C temperature range and rela- 
tive humidity up to 50% for a period of 6 months. 

Response times: fixed range: reads within specified accuracy 
when triggered coincident with step input voltage. Reading 
period: 66 ms minimum on 10, 100 and 1000 V range 
(147  ms minimum on the 1 V range). When filter (op- 
tional) is programmed (1 V or 10 V ranges only) an 
additional delay of 200 ms is added to normal reading 
period. Polarity selection: no delay. Automatic range selec- 
tion: 33 ms per range change (100 ms maximum). Remote 
range selection : 8 ms. 

Performance rating 

Input characteristics 
Input resistance: 10 megohms *0.03% during first sample 

period and full time on 100 V or 1000 V ranges. 1010 
ohms on second sample period on 1 V or 10 V ranges. 
Contact closure to ground at rear of 3460B will give 
constant 10 megohms *0.03%. 

Impedance: 40 pF in parallel with 10 Ma at front panel. 
Noise rejection: overall effective common-mode rejection 

(ratio of indicated error voltage to common-mode voltage) 
145 dB at all frequencies (0.1 sec sample period). Com- 
mon-mode rejection 160 dB at dc, 120 dB at 60 Hz with 
1000 ohms between low side of input and low cide of 
source. Superimposed noise rejection: more than 20 dB at 
5 5  Hz for 0.1 sec sample period (47 dB with optional 
filter) increased 20 dB per decade of frequency (60 dB/ 
decade with optional filter), Infinite rejection at frequencies 
divisible by 10 (0.1 sec sample period) or 60 (1/60 sec 
sample period). 

Isolation parameters 
Inputs: floated and guarded signal pair (binding post on 

front panel or connector on rear panel are selected by 
front-panel switch). Guard may be operated up to * 500 
V dc with respect to chassis ground (350 V rms).  Low 
may be operated up to t 5 O  V dc with respect to guard. 

Common-mode rejection: ratio of common-mode signal to 
resultant superimposed signal: 160 dB at dc with 1 kn 
between the low side of the input and the point where the 
guard is connected. >145 dB effective common-mode re- 
jection at all frequencies. 

Input signals 
Range selection 

Automatic: pushbutton selector or a switch closure to 
ground with impedance < 100 ohms provides auto range 
operation. 33 ms is required per range change (100 ms 
max. ) . 

Remote: a switch closure to ground with impedance <lo0  
ohms for a period >lo0  PS selects range desired. 

Manual: pushbutton selector. 
External read command: accepts ac or dc trigger of either 

polarity. 
Output signals: print command; dc coupled. BCD outputs; 

4-line BCD (1-2-4-8) 9 columns consisting of polarity and 
function decimal location, overload and 6 digits of data 
(1-2-2-4 BCD code available as an option). 

Operational features 
Trigger selection: front-panel selection of local or remote 

Overload indicator: indicates when input voltage is higher 

Sampling indicator: indicates when instrument is digitizing. 

Power: 115 or 230 V i l 0 %  50 to 60 Hz, approx. 60 W. 
Dimensions: 16" wide, 5" high, 21%" deep (127 x 406 x 

Weight: net 38 Ibs (16 kg) ;  shipping 43 Ibs (19,6 kg) .  
Accessories furnished: rack mounting kit includes: 

mode. 

than 120% of range selected. 

General 

543 m m ) .  

Two H P  Part #5060-0049 1 5  pin plug-in, printed-circuit 
board extender. 

One HP Part #5060-0630 2 2  pin plug-in, printed-circuit 
board extender. 

H P  11065A 6' rear-input cable, guarding preserved, termi- 
nated end mates with 3460B. 

H P  11085A remote control cable. 

H P  3461A AC/Ohms Converter-DC Preamplifier 
H P  562A/AR Digital Recorder 

Price: H P  3460B, $3600; H P  3460BF, includes optional filter, 
$3750 

Options 
01 BCD output (1-2-2-4), no additional charge. 
02 Compatible with 3461A AC/Ohms Converter-DC Pre- 

03 Same as Option 02 with 1-2-2-4 BCD output, add $150. 

Accessories available: 

amplifier, add $150. 
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Description 
A new signal conditioning converter, the H P  3461A 

AC/ohms Converter/DC Preamplifier, now gives the H P  
3460B or H P  3460BF the capability of making ac and ohms 
measurements. A high gain, low noise preamplifier also 
gives an additional dc range with 1 FV resolution. The 
3461A features remote range and function programmability, 
and when used with the HP 3460B/BF allows automatic 
ranging on all functions and retains guarding, making it an 
ideal instrument for systems applications. Although the 
3461A was designed specifically for use with the 3460B/BF 
it can also be used with other dc voltmeters. 

Options 
The standard H P  3461A includes three measurement 

capabilities : ac, ohms and dc preamplifier. Other combinations 
of these features are available on an optional basis. The user 
may, at his discretion, purchase only one option and add 
others at a later date, should the need arise. NO modifica- 
tions are necessary-the user may add capability to his 3461A 
by inserting plug-in, printed-circuit boards and modules. 

AC converter 
The ac converter in the H P  3461A is a half-wave, average- 

responding device, calibrated to the rms value of a sine wave. 
The  converter has two freuency ranges ac fast (200 Hz to 
100 kHz) and ac normal (50 Hz to 100 kHz) ,  with four 
manual, remote or automatic ranges; 1 V, 10 V, 100 V and 
1000 V and 20% overrange capability. Its high-input im- 
pedance is 5 Mn in parallel with 40 pF using the front- 
input terminals, and 5 Mn in parallel with 75 pF when using 
its rear-input terminals. 

Ohms converter 
The H P  3461A Ohms Converter is a 4-terminal ohm- 

meter. The  ohms converter uses a high-input impedance dc 
amplifier to achieve its ability to measure high resistance 
with high accuracy. The 3 4 6 1 4  has five resistance ranges: 
1 kn through 10 MR. It has a capability of 20% overranging 
and may be operated manually, remotely or automatically. 

DC preamplifier 
The DC Preamplifier in the H P  3461A has 1010 n input 

resistance making it possible to measure voltages with high 
source resistances on the .1 V, 1 V, and 10 V ranges, and 
resolves 1 pV on the .1 V range with no loss in reading 
rate. The H P  3461A, when used with H P  3460B, allows 
autoranging over five dc ranges, with fast overload recovery 
and up to 20% overrange on all ranges. 

Precise ac voltage and resistance measurements 
AC voltages up to 1200 V rms and resistances to 12 MQ 

can be measured with the H P  3460B in conjunction with an 
H P  3461A AC/Ohms Converter/DC Preamplifier. In ad- 
dition, the 3461A enables measurements with constant lOl0n 
input impedance on the 0.1 V, 1 V and 10 V ranges to be 
made. All 3460B’s are prewired at the factory to convert a 
standard 3460B DVM to indicate ac/ohms functions when 
used with the 3461A by insertion of a plug-in, printed- 
circuit board and one function-indicating tube. When  the 
3460B is used with the 3461A, complete guarding and 
signal-pair isolation is maintained. All functions are man- 
ually or remotely programmable; autoranging is offered 
on all functions. Refer to the preceding page for additional 
information. 
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Resistance range 

1 kQ, 10 kQ, 100 kQ, 1 MQ 

10 MQ 

DC: output resistance, In. 

DC ranae 

Specifications 

output 
0 to +1.20000 V dc 

0 to +12.0000 V dc 

OUtDUt 

AC to DC Converter 
Ranges: full scale, 1.00000, 10.0000, 100.000 and 

1000.00 V rms (average conversion calibrated in terms 
of rms) .  U p  to 20% overranging on each range indi- 
cated with 6th digit. Range selection may be made 
automatically, remotely or manually. 

Performance rating (calibrated to operate into 10 MR 

Absolute voltage accuracy (+20°C to +30°C for a period 
of 90 days): 100 Hz-10 kHz, + O . l %  of reading 
*0.02% of full scale; 50 Hz-100 Hz and 10 kHz 
-20 kHz, t 0 . 1 5 %  of reading &0.02% of full 
scale; 20 kHz-100 kHz, &0.25% of reading 
&0.10% of full scale. 

Temperature coefficient of accuracy (0°C to +50"C): 
+0.002% of reading &0.0005% of full scale/OC. 

Long-term stability (+20°C to +30"C for 6 months): 
&0.06% of reading t O . O l %  of full scale. 

* O . l % ) .  

Ohms to DC Converter 
Ranges: full scale, 1.00000 k n ,  10.0000 k n ,  100.000 k n ,  

~ . O O O o O  MR and 10.0000 MR. U p  to 207% overranging 
on each range indicated with 6th digit. Range selection 
may be made automatically, remotely or manually. 

Performance rating 

Absolute resistance accuracy (+20°C to +30°C for a 
period of 90 days): 1.00000 k n  to 1.00000 MR, 
to.008% of reading t 0 . 0 0 2 %  of full scale; 10.0000 
MR, +0.012% of reading +0.002% of full scale. 

Temperature coefficient of accuracy (0°C to +5OoC): 
~ . O O o O O  k n  to 1.00000 MQ, +0.0005% of reading 
+ O . O O O l %  of full scale/OC; ~ 0 . 0 0 0 0  MR, t O . O O l %  
of reading + O . O O O l %  of full scale/OC. 

Long-term stability (+20°C to +30°C for 6 months): 
k o . o l %  of reading +0.002% of full scale. 

DC Preamplifier 

Ranges: full scale, ~ 0 . 1 0 0 0 0 0 , ~ ~ . 0 0 0 0 0  and tlO.OOOO. 
(Preamplifier may be bypassed on the + ~ . O O o O O  and 
+10.0000 V ranges.) Up to 20% overranging on each 
range indicated with 6th digit. Range selection may be 
made automatically, remotely or manually. 

Absolute voltage accuracy (+20°C to +30°C for a 
period of 90 days): t 0 . 0 0 4 %  of reading t O . O O l %  
of full scale t 2 . 0  pV. 

Temperature coefficient of accuracy (0°C to +5OoC): 
k0 .0002% of reading *0.000l% of full scale 

Long-term stabiiity (+20"C to +30°C for 6 months): 
+0.008% of reading ,+0.002% of full scale k 2 . 0  

Performance rating 

+0.2 pv/oc. 

P V .  
General 

Response time (when used with 3460B): reads within 
specified accuracy when triggered coincident with step 
input voltage. 

AC fast: 500 ms or 2 readings/sec (200 Hz to 100 kHz 

AC normal: 1.1 sec or 0.9 reading/sec (50 Hz to 100 

AC fixed range 

bandwidth). 

kHz bandwidth). 

~~ ~ 

* 10.0000 

* 100.000 

* 1000.00 

0 to* 12.0000 V dc 

0 t o *  120.000 V dc 

0 to* 1200.00 V dc 

1 0 to+1.20000 V dc I I *0.100000 to=t1.00000 

Range and function outputs: the range and function of 
the H P  3461A are available on the voltmeter pro- 
gramming connector as ten binary-coded lines. 

Operational features: input terminals; binding posts on front 
panel or connector on rear panel, selectable by front-panel 
switch. 

Power: 115 or 230 V 2 1 0 %  50 to 60 Hz, approx. 30 W. 
Weight: net 24 lbs (10,s kg) ; shipping 37 lbs (16,? k g ) .  
Dimensions: 16%" wide, 3%" high, 183/" deep (425 x 

Price: H P  3461A, $2075 (Includes all Options).  
Option 01: dc preamplifier $1500. 
Option 02: ac/dc converter $1300. 
Option 03: ohms/dc converter/dc preamplifier $1 700. 
Option 04 ac/dc converter/dc preamplifier $1800. 

87 x 477 mm). 
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DIGITAL VOLTMETER 
DVM resolution, l p V  in 1 V, 1 mV in 1000 V 
Model H04-3460A 

H04-3460A 

P 

I) 

I 

Features 
-Resolution: 1 part in 1 . 2 ~ 1 0 ~  
-Sensitivity: 1 FV 
-Accuracy: 0.005% of reading 
-Guarding reduces the effects of common-mode noise 

(CMR)  by 160 dB at dc 
-Four ranges to t1000 volts full scale, selected by push- 

buttons, automatically or remotely. 
-20% overrange capability on all ranges - offering full- 

scale display within specified accuracy (measures up to 
1200 Vdc) , 

Description 
T h e  new all solid-state Hewlett-Packard H04-3460A 

offers a resolution of 1 part in 1,200,000-four times more 
resolution than any other digital voltmeter in its price 
range. Additionally, the H04-3460A D V M  has a sensitiv- 
ity of 1 pV and an accuracy of 0.005% of reading 
f0.0005 % of full scale. The  potentiometric-integrating 
technique used so successfully in the H P  3460A is also used 
in the H04-3460A. Using this DVM,  measurements from 
100 millivolts to 1200 V can be made with better than 
0.005% of reading accuracy. 

The  H04-3460’s combination of 1 ppm resolution, high 
accuracy, constant input impedance, and 20% overranging 
provide new measurement capabilities. A front-panel zero 
adjust is provided to compensate for any thermals in con- 
nections to external circuitry. 

Typical examples where 1 ppm resolution and high ac- 
curacy can be used are in semiconductor research and testing 
and calibration of dc standard power supplies and transfer 
standards. 

Null measurements can be performed wth 1 pV resolu- 
tion. BCD output capability permits recording of data and 
remote programmability permits system applications. Trans- 
ducers and load cell performance can be monitored for in- 
cremental changes in their outputs. Accurate determination 
of Zener diode breakdown voltages as a function of tem- 
perature can be made by utilizing the excellent short-term 
stability of the H04-3460A. 

The H04-3460A offers a maximum reading rate of 1.1 
seconds/reading on all ranges. T h e  20% overranging capa- 
bility on all ranges offers full-scale display within specified 
accuracy; up  to 1200 volts on the 1000 volt range. 

Another feature is the constant 10 megohms impedance 
on all ranges. Four input ranges of 1.000000, ~ 0 . 0 0 0 0 0 ,  
100.0000, and 1000.000 may be selected by front-panel 
pushbuttons with automatic or remote control left to the 
option of the operator, T h e  front-panel input terminals are 
gold-flashed binding posts to reduce therms1 electric ef- 
fects. The front or rear-guarded input terminals may be 
selected by a front-panel switch. A decimal point is auto- 
matically positioned so that the display reads directly in 
volts. The  H04-3460A is fully programmable. Permanent 
test records of all readings including polarity, decimal loca- 
tion and overload are available by using H P  Model 562A 
printer. T h e  H04-3460A is designed for fully automatic 
operation with digital acquisition systems, 

Accurate Measurements 
The figure below illustrates accuracies the H04-3460A 

can achieve compared to the best high-accuracy, >-digit 
DVM’s available. 
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Programming the H04-3460A 

T h e  H P  H04-346OA is designed for fully automatic op- 
eration within a digital data acquisition system. Voltage 
range can be selected by external circuit closures to ground. 

To simplify system cabling, input connections can also 
be made at the rear of the instrument. All remote control 
lines and electrical outputs are referred to chassis ground 
and do  not interfere with the guard. 
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Recording Output 

1-2-4-8* binary-coded decimal voltages (ground refer- 
enced) are produced for each measurement and for indica- 
tion of measurement function, voltage range and polarity. 
A complete printed record of the H P  H04-3460A output 
information can be obtained by using an HP Model 562A/ 
AR Digital Recorder. 

*1-2.2.4 available with HP H04-3460A ODtion 01. 

Specifications 
Ranges: frequency, infinite rejection at frequencies evenly di- 

visible by 10. Full-scale presentation of i.1 .OOOOOO, k 10.00000, 
k ~ 0 0 . 0 0 0 0 ,  and + 1000.000 (up  to 20% overranging 
indicated with 7th digit) ,  Range selection may be made 
automatically, remotely or manually. ranges. 

Input characteristics: 

Input resistance: constant 10 megohms +0 ,03% all 

Input impedance: 40 pF in parallel with 10 megohms 
at front panel. 

Performance rating: 

Absolute voltage accuracy.* +0.0057G of reading or 
+0.0005% of full scale whichever is greater over a 
temperature range from +2OoC to + 3 0 " c  for a Range selection: 
period of 90 days. 

Input signals: 

Automatic: pushbutton selector or a switch closure to 

Voltage accuracy temperature coefficient: k 0 . 0 0 0 2 7 ~  of 
reading/"C + 0.0001% of full scale/"C over a tem- 
perature range of 0°C to + 50°C. 

Short term stability: 1+O.O027~ of reading or a 0 . 0 0 0 4 %  
of full scale, whichever is greater at 23°C i . l 0 C  and 
relative humidity up to 50% for a period of 24 hours. 

Long term stability:** t0 .0087c of reading or & O , o O l 7 ~  
of full scale, whichever is greater at 23°C i .1"C and 
relative humidity up to 50% for a period of 6 months. 

Response time: 

On Fixed Range-reads within specified accuracy when 

Reading Period-1.1 sec minimum on 1, 10, 100, 1000 

Polarity Selection-No delay. 

Automatic Range Selection-60 ms per range change 

Remote Range Selection-8 ms. 

triggered coincident with step input voltage. 

volt ranges. 
panel switch. 
Trigger selection: front-panel selection of local or remote. 
Overload indicator: indicates when input voltage is higher 

Sample indicator: indicates when instrument is digitizing. 
(180 ms maximum). than 120% of range selected, 

ground. 
Remote: a switch closure to ground (storage). 
Manual: pushbutton selector. 

trigger (two ac and two dc) .  
External read command: four lines available for remote 

Output signals: 

Print command: dc coupled, 

BCD outputs: 4-line BCD (1-2-4-8) 9 columns consisting 
of polarity, overload and decimal location, and 7 digits 
of data ( H P  H04-3460A Option 01 is available for  
1-2-2-4 BCD).  

Operational features: 

Input terminals-binding posts on front panel or connector 
on rear panel (high, low and guard).  Selectable by front- 

Isolation parameters: 

Inputs: floated and guarded signal pair (special gold- 
plated binding post on front panel or connector on rear 
panel are selected by front-panel switch). Guard may 
be operated up to +500 V dc with respect to chassis 
ground (350 volts rms) .  Low may be operated up to 
t 5 0  V dc with respect to guard. 

Noise rejection: overall effective common mode rejection : 
160 dB at all frequencies; common mode rejection: 
160 dB at dc, with 1000 ohms between low side of in- 
put and the point where guard is connected; superim- 
posed noise rejection: more than 43 dB in the vicin- 
ity of 50 Hz increases 20 dB per decade increase in 

*Relative to the,National Bureau of Standards. 
**Assumes occasional zero adjust. 

General 

Power: 115 or 230 volts *lo%, 50 to 60 Hz. Approxi- 
mately 60 watts. The  H P  H04-3460A is available on 
special order for operation with power line frequencies 
between 50 and 1000 Hz. 

Dimensions: 5" high, 16" wide, 213/8'' deep (127 x 406 
x 543 m m )  ; rack mount kit furnished with instrument. 

Weight: net 38 lbs (16 k g ) ;  shipping 48 lbs (21,6 kg).  
Accessories furnished: 

Rack Mounting Kit includes 3 printed circuit extender 
boards. 
H P  11065A: 6' rear input cable, guarding preserved, 

H P  11069A: Remote Control Cable. $20. 
terminated end mates with H04-3460A. $15. 

Price: H P  H04-3460A, $4250; Option 01, $4250. 
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457A 

400E 

Model 457A is an average-responding, rms calibrated 
ac-to-dc converter. Thus, a one-volt rms sine wave input pro- 
vides a one-volt dc output. 

A frequency range from 50 Hz to 500 kHz is covered with 
conversion accuracy of %1 m V  %0.75% of full scale; from 
50 Hz to 50 kHz, accuracy is &1 mV t O . 3 %  of full scale. 

Specifications, 457A 
Input range: 100pV to 300 V rms, in 4 decade ranges corre- 

sponding to 1, 10, 100 and 1000 V rms full scale; over- 
ranging to 200% of full scale, all ranges except 1000 V. 

Frequency range: 50 Hz to 500 kHz. 
Accuracy:- t0.3%ol m V f r o m 5 0  Hz to 50 kHz;  %0.75% 

k 1  m V  from 50 kHz to 500 kHz. 
Floating input: permits measurement of ac voltages at dc 

potentials of i 5 0 0  V above power-line ground. 
Output: 0 to 1 Vdc, responding to average value of ac input, 

with output calibrated as rms value of sine wave; input 
step attenuation of 1, 10, 100 or 1000. 

Output impedance: 10,000 ohms. 
Input impedance: 1 megohm, shunted by 30 pF. 
Power: 115 or 230 V k l O 7 0 ,  50 to 1000 Hz, approx. 31 W. 
Dimensions: 1674” wide, 374” high, 13%” deep (426 x 

Weight: net 12 lbs (5,4 kg) ; shipping 20 Ibs (9  kg)  . 
Accessories available: 1llOA Current Probe, $100; l O l O O B  

Feed-Through Termination, $17.50; 1 l O O O A  Cable, 
$4.50; 11oolA Cable, $5.50. 

95 x 324 m m ) .  

Price: HP 457A, $450. 

Two Hewlett-Packard analog voltmeters provide a dc out- 
put voltage that is directly proportional to the meter current 
and may be used as ac-to-dc converters. By connecting a dc 
digital voltmeter to the dc output of these instruments, an 
economical ac digital voltmeter is available. The output 
voltage of the H P  400E/EL and 3400A is 1 Vdc for full- 
scale deflection. 

The  H P  3400A may be used as a true rms ac/dc con- 
verter. Typical dc output accuracy is k 0 . 7 5 %  of full scale 
from 50 Hz to 1 MHz. For additional information, refer 
to page 196. 

The 400E/EL may be used with 0.5% accuracy as an 
ac/dc converter in its frequency range from 100 Hz to 500 
kHz. For complete specifications, refer to page 188. 

AC/DC Converter Output 
400E/EL output: 1 Vdc at full-scale deflection, proportional 

to meter deflection (linear output for Models 400E/EL). 

Output resistance: 1000 ohms. 

Response time: 1 second to within 1% of final value for 

Price: H P  400E, $285; H P  400EL, $295. 

3400A output:-lVdc at full-scale deflection, proportional to 

Output resistance: 1000 ohms. 

Price: H P  3400A, $525. 

a step change. 

meter deflection (from 10 - 100% of full scale). 
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The H P  2212A is a compact V - t o -  F converter which 
is particularly well suited to low-level signal applications. LOW 
input drift and high common mode rejection (120 dB at dc) 
have been achieved without a chopper by means of differential 
circuits. Internal feedback circuits provide an output pulse 
train with a pulse rate directly proportional to the magnitude 
of an applied dc voltage. The output pulse rate rises linearily 
and instantaneously from 0 to 100,000 pulses per second as the 
dc input level is increased from zero to full scale. These tech- 
niques combine to provide outstanding linearity, stability and 
noise immunity. 

The output of the H P  2212A2, when connected to a Hewlett- 
Packard electronic counter provides a convenient method of 
making digital measurements of dc voltages. The converter also 
provides a polarity signal. The combination of HP 2212A and 
a Hewlett-Packard counter can be connected directlv to a dia- 

devices. Computer processing or storage on punched card, 
punched tape or magnetic tape can then be accomplished. 

The converter-counter combination provides integration of 
dc voltages over any period of time and can therefore be used 
to read the average of the input over the selected sample period 
and provide accurate dc measurements in the presence of noise 
superimposed on the signal. The instrument is applicable, for 
example, fo high-accuracy FM telemetry systems, gas chromato- 
graphs, and wide-range coulometric analysis. 

The unique modular package with self-contained power sup- 
ply allows the 2212A to be used in both bench and systems 
applications. An inexpensive combining case is available to 
mount 10 instruments side-by-side in only 5%” of standard 
19” rack panel space. 

Other V-to-F converters are available from Dymec to satisfy 
a variety of speed, accuracv and resolution requirements. Ask 

ita1 printek or through Dymec couplers to digitaf recordizg for infokatio-n on the 2210’and 2211. 

~ 

Specifications 

(Unless noted, all specifications apply after a 30-minute warm- 
up at 25OC ambient, 1 k ohm source resistance, any unbalance). 
Input: dc voltage ranges: 0 to 10 mV, 100 mV, 1 V; up to 

150% overranging; optionally 0 to 10 mV, 30 mV, 100 mV, 
300 mV, 1 V ;  other ranges between 10 mV and 1 V avail- 
able, up to 6 positions; optional vernier to X3.5 range setting. 

Range accuracy: (relative to calibrated range) : k0.02% of 
reading at 25OC k0.005% per month. 

Scale factor: stability at constant temperature: &0.01% of 
reading per day; temperature coefficient: i O . O 0 4 Y ,  of read- 
ing per degree C, from IOo to 40OC. 

Zero: (referred to input) : stability at constant temperature: 
t p V  k O . 5  nA *0.002% of full scale per day; temperature 
coefficient: 2 1  pV 2 0 . 5  n A P C  iO.OOlY, of full scale per 
degree C. 

Linearity: 20.01% of full scale (O.OlY, of reading in over- 
range) referred to a straight line through 0 and full scale. 

Input impedance: 109 ohms min. shunted by 1 nF max. 
Maximum input signal: V signal + common-mode. 
Common-mode rejection: 120 dB, dc to 60 Hz. 
Settling time: 0.1 psec to within 0.01% of final pulse rate. 
Slewing: 106 V/sec rti, for less than 0.1% dc offset. 

Overload recovery: settling time + 100 psec for differential in- 
puts of 10 times full scale or less, less than 1 millisec for 
inputs up to 20 V. 

Output: pulse train, 0 to 105 pps full scale; overrange to 1 .5  
x 105 pps; -9 V, 2 p e c  pulses. 

Polarity signal: electrical and visual indication. 
Operating conditions: 0 to 5 5  OC ambient temperature range, 

Power: 115 or 230 V *lo%, 50 to 400 Ht,  5 W. 
Dimensions: 1-9/16” wide, 47/” high, 15” deep (39.7 x 123.8 

Weight: net 4 Ibs (1,8 kg) ; shipping 69‘2 lbs (2,9 kg) .  
Accessories available: combining case contains up to 10 instru- 

ments in 5 % ”  of standard 19’’ rack space (mating connectors 
furnished with amplifier); bench stand, holds one VFC up- 
right and incrudes input/output connectors, power switch, 
pilot light, power cord; mating rear connector with power 
cord, input/output cables, 

Optional modifications: special voltage ranges; internal cali- 
bration source; vernier range adjust. 

Price: H P  2212A, $995. 

up to 95% relative humidity at 40°C. 

x 381 m m ) .  
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IMPEDANCE AND 
PHASE MEARUREMENTS IMPEDANCE 

Impedance measurements are con- 
cerned with the magnitude and the 
nature of the opposition of a component 
or network to the flow of ac current. ATot 
only is a measure of the total opposition 
to current flow desired, but it is also im- 
portant to determine the ratio of reac- 
tance to resistance and whether the re- 
actance is inductive or capacitive. 

At frequencies below 100 MHz, these 
qualities are most easily determined by 
measuring the voltage resulting from the 
flow of a known ac current into the com- 
ponent or network under test. The volt- 
age amplitude indicates the absolute 
value of the impedance. 

The nature of the reactance can be 
determined by comparing the phase dif- 
ference between the current and voltage 
waveforms at the point of measurement. 
With the magnitude and phase angle 0 
thus determined, the ratio of reactance X 
to resistance R and whether the reactance 
is inductive or capacitive can be deter- 
mined (see diagram Fig. 1 ) .  

At frequencies above 100 MHz it be- 
comes more practical to determine im- 
pedance by measuring the reflection of 
an incident signal applied to the device in 
a coaxial system. Hewlett-Packard has 
developed Vector Voltmeters and Net- 
work Analyzers which make this mea- 
surement over a broad range of frequen- 
cies, as well as making several other im- 
portant measurements of interest to the 
design engineer. 

Vector impedance meters 

Direct readout of IZl and 0 are pre- 
sented on adjacent meters by the remark- 
able new H P  4800A Vector Impedance 

In the Model 4815A RF Vector Imped- 
ance Meter, an internal LC oscillator sup- 
plies a low-level excitation signal to the 
circuit under test through a convenient 
probe attached to a 5-fOOt cable. A 
sampling AGC loop maintains the ex- 
citation constant at 4 microamps. At the 
same time, the voltage response of the 
test circuit is sensed and converted by a 
second sampling channel, located within 
the same probe, to read out directly in im- 
pedance. A phase detector monitors the 
difference between the voltage and cur- 
rent channels to yield the phase angle of 
the impedance vector. One probe, then, 
excites the test circuit and measures its 
impedance and phase angle. 

Figure 2. 

Such measurements must be made at 
several frequencies if the component or 
network is to be fully characterized. 

In the past, measurements of imped- 
ance at RF frequencies and above re- 
quired several pieces of test equipment 
and were time-consuming, requiring 
many steps to acquire the desired in- 
formation at each discrete frequency. Re- 
cently developed instruments from Hew- 
lett-Packard, however, have greatly sim- 
plified the measurement of impedance 
over a broad range of frequencies. With 
these instruments, it is possible to make 
sweep frequency plots of the absolute 
value of impedance IZ( and phase angle 
( 0 )  vs. frequency and in so doing 
acquire complete coverage within the fre- 
quency band of interest. 

Meter and the H P  4815A RF Vector Im- 
pedance Meter. 

The 4800A (Fig. 2 )  which operates in 
a frequency range from 5 Hz to 500 kHz, 
requires only that frequency (and range) 
be selected, as the unknown is connected 
across front.-panel terminals. The magni- 
tude of Z is read in ohms directly on 
one meter, while the second meter, 
centered on zero, indicates phase angle 
and, by the direction, if the reactance is 
capacitive or inductive. Optional outputs 
at the rear provide dc analog signals pro- 
portional to meter deflections for 2, @, 
and frequency for convenient recording. 
The operating range of the Model 4800A 
is 1 ohm to 10 megohms, 2 9 0 "  phase 
angle. 

Operating range of the 4815A is 500 
kHz to 108 MHz, 1 to 100,000 ohms, 0 
to 360" phase angle. 

The 4815A provides all of the con- 
venience of "probe and read" measure- 
ments. In use, the probe is connected di- 
rectly into the circuit to be evaluated, 
frequency is selected, and complex im- 
pedance is read. This type measurement 
allows a straightforward adaptation to 
various jigs and fixtures for special mea- 
surements. 

Where only component values are to 
be determined, a quick-mount adapter is 
provided to allow rapid measurements. 
For critical component applications, the 
unit to be evaluated may be mounted 
directly in its working circuit and its 
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value determined in its actual environ- 
ment, at the frequency of interest. 

Analog output of frequency, magni- 
tude, and phase angle are provided so 
that these values may be recorded on an 
X - Y  recorder. 

Vector voltmeters and 
network analyzers 

Vector Voltmeters measure the ampli- 
tude of a signal at two points in a circuit 
and simultaneously measure the phase 
difference between the voltage waveforms 
at the two points. The H P  Network 
Analyzer is similar to the HP Vector 
Voltmeter in principle but presents the 
information in the form of gain or loss 
between the two points, as well as pre- 
senting the phase angle. 

The Vector VoltmetersJNetwork Ana- 
lyzers can be used for a wide variety 
of measurements, measurements which 
formerly were difficult and time-consum- 
ing in the frequency ranges in which 
these instruments operate (to 12.4 GHz) .  
Since these instruments can measure the 
amplitude of a signal at two different 
points while simultaneously measuring 
the phase difference between the signals 
at these points, they are highly useful for 
making measurements of amplifier gain 
and phase shift, complex insertion loss, 
filter transfer functions, two-port net- 
work parameters, and many others. 

Because signals at UHF and higher 
frequencies are almost always trans- 
ferred from point to point on uniform 
transmission lines, it is entirely practical 
to use the Vector Voltmeters/Network 
Analyzers for measuring impedance by 
determination of the reflection coefficient 
of a network. This measurement is made 
using a dual directional coupler to per- 
mit measurement of the incident and re- 
flected waves. The reflection coefficient p 
then gives the magnitude of the input 
impedance Z to the device by using the 
well-known formula: 

l + P  

1 - P  
z=-zo 

where ZO is the characteristic impedance 
of the transmission line. The value of 
magnitude thus provided and the phase 
angle measured with respect to a refer- 
ence are then entered into a Smith chart 
to determine the complex impedance. The 
HP Network Analyzer system (page 
244) is capable of presenting this infor- 
mation directly as electron beam deflec- 
tion in a CRT that has a Smith chart 
overlay for direct readout of impedance. 

The Model 8405A Vector Voltmeter is 
a dual-channel RF millivolt meter and 
phase meter. It reads the absolute volt- 
ages on either of two channels and also 
the phase relation between them simul- 
taneously. Its frequency range is 1 to 
1000 MHz. 

Figure 3. 

The Model 8410A Network Analyzer 
(Fig. 3 ) ,  and its associated display plug- 
ins and accessories, also measures magni- 
tude and phase relation between two 
channels but does so over a frequency 
range of 100 to 12,400 MHz. It has the 
capability of displaying these parameters 
over any octave range between 100  and 
12,400 MHz even when swept at a speed 
as fast as 10 milliseconds. 

Plug-in display units for the 841014 
provide for measurement of the ratio 
difference between two channels directly 
in decibel units, and also the phase shift 
between these two channels. The readout 
is directly on a meter face or from out- 
put jacks calibrated in units of dBJvolt 
and degrees,/volt. The output jacks can 
be connected to an oscilloscope for a 
direct visual display of these parameters 
versus frequency. 

Another plug-in display unit has a 
cathode-ray tube with appropriate polar 
conversion circuitry to convert the mag- 
nitude and phase information to polar 
coordinates for display on the CRT. A 
Smith chart overlay is provided for auto- 
matically displaying impedance over a 
wide frequency range. 

The 8405A and 8410A are compact 
instruments housed in standard Hewlett- 
Packard module cabinets only 7 inches 
high. This small size has been realized 

by the use of sampling techniques for 
conversion of the RF or microwave fre- 
quencies to a lower intermediate fre- 
quency. The very wide frequency ranges 
of these two instruments have also been 
made possible because of this sampling 
technique. 

These instruments use an automatic 
phase lock tuning system so that the in- 
struments need only a semi-manual, non- 
critical adjustment for tuning. For the 
8405A, manual tuning consists of select- 
ing any of the 21  overlapping ranges 
which encompass the input signal fre- 
quency; the automatic tuning system then 
locks to the signal within 10 milliseconds. 
A front panel light indicates when the 
unit is locked and operating. Frequencies 
outside an octave range can be quickly. 
locked in by a quick twist of a knob. 

Essentially the same technique is used 
for the 8410A. A front panel meter indi- 
cates the proper position of the coarse 
frequency control when the unit has auto- 
matically locked to the band of freqen- 
cies to which the 8410A has been coarsely 
tuned. 

The phase and amplitude measure- 
ments are easily read on meters, or, in 
the case of the 8410 Swept System, di- 
rectly in calibrated parameters on an 
oscilloscope face. 

From 1 to 1000 MHz the 8405~4 is con- 

6068,  608E, 
32008 

P 
I 

908A 
LOAD 

I Figure 4. 
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venient for measuring the phase shift be- 
tween any two ports. Figure 4 is a block 
diagram showing the setup of the instru- 
ment for this measurement. The setup is 
first calibrated for a phase reference of 0 
degrees by connecting the probe tee of 
Channel B to the power splitter. Then 
the device under test is placed between 
the two components and phase relation 
is read directly on the phase meter of the 

Measurements of phase shift from 110 
to 12,400 MHz can be made with the 
8410A Network Analyzer. With this in- 
strument, measurements can be made on 
a swept-frequency basis for a visual os- 
cilloscope or X - Y  recorder display, 

Figure 5 shows a block diagram 
of a setup for a typical phase 
measurement. An accessory transmission 
unit, the 8740A, is a combination power 

0 0 0 0  

TRANSMISSION 

1 
I 

Figure 5 

8105A. Any frequency between 1 and 
1000 MHz can now be quickly inserted 
into the device and the reading made 
within seconds. Absolute voltage will be 
read directly on Channel A and B and 
the calculation of gain or loss can be 
quickly made. 

splitter and line stretcher. Initial calibra- 
tion is performed by connecting both 
outputs of the 8740A transmission unit 
directly into the 8411A Harmonic Fre- 
uency Converter. A phase reference of 0 
degrees is set on the 8413A Phase-Gain 
Indicator. The device under test is then 

Figure 6 

The phase meter has ranges of k180,  
i 6 0 ,  k 1 8 ,  and &6 degrees ranges. A 
meter offset switch from 0 to k 1 8 0  de- 
grees in precise 10 degree steps allows 
any angle to be read on the highest sensi- 
tivity range, t6 degrees. This yields a 
resolution of 0.1 degree on the meter 
for any angle. 

6060, 608E. 
32008 

plug-ins, 8691 through 8694. 
Impedance 

Impedance measurements with these 
two models are also very easy to make. 
From 1 to 1000 MHz the Vector Volt- 
meter can be used as shown in the setups 
in Figures 7 and 8. In Figure 7, the mea- 
surement is made by using probes to 
sample both the incident and reflected 
voltages from the device under test. 
Probe A will sample the incident voltage 
and probe B the incident plus reflected 
voltages. The transformation to imped- 
ance from reflection coefficient can be 

made using Z/Z, =*' . The mea- 

sured data on Channels B and A can be 
entered on a Smith Chart to read im- 
pedance directly. A special slide rule is 
available from Hewlett-Packard to trans- 
fer the vector 1 + p, which is measured 
on Channel B, directly onto the Smith 
Chart. 

Between 100 MHz and 1 GHz, im- 
pedance measurements can be made by 
measuring reflection coefficient directly 
from a dual directional coupler. 

Channel A measures the incident volt- 
age and Channel B measures reflected 
voltage from the device under test. Re- 
flection coefficient is the measurement of 

in magnitude; phase is read directly 
A 
on the phase meter. The system is first 

1 - P  

l1536A 11536A 
PROBE TEE 

I 1  908A 
LOAD 11549A 

POWER 
SPLITTER 

Figure 7 

placed in the test channel output of the 
8740A and the measurement of phase 
is made directly on the phase indicator 
or on swept display basis on an oscillo- 
scope. 

Figure 6 shows an oscillogram of the 
phase shift through a YIG filter, as mea- 
sured with the system in Figure >, RF 
sweep oscillators are also available from 
Hewlett-Packard to cover the frequency 
range from 1 to 12.4 GHz. These are the 
models 8690A Sweep Oscillator with RF 

calibrated with a short which sets up a 
reference reflection coefficient of 1 
L - 1 8 0 " .  The magnitude and phase of 
the reflection coefficient of the unknown 
is then read. This can be plotted on the 
Smith Chart so that impedance may be 
read directly. 

An example of such a measurement is 
shown in Figure 9.  The magnitude is 
struck off as a vector originating from the 
center of the Smith Chart. The angle 
measured on  the phase meter is entered 
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608E,  6124, 
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E UNDER TEST 

DUAL COUPLER 

Figure 8 

directly on the degree scale on the peri- 
meter of the Smith Chart. 

Impedance measurements from 100 
MHz to 12,400 MHz are measured auto- 
matically on a cathode-ray tube.Figure 10 
shows a block diagram and a photo 
using the 8410A Network Analyzer for 
this purpose. Two units (Models 8741~4, 
8742A) are available for measuring the 

84IOAl8414A 

8 6 9 0 A / 8 6 9  - 4  
I 1 

~ 

87414 ( 0  1-2GHzI 
87424 (2-124GHz) 
REFLECTION UNITS 

Figure 10 

Figure 11. 

reflection coefficient of a device wit1 
this system. 

They cover the range of 0.11 to 12.3 
GHz. Again, the reflection coefficient of 
the device is measured and then con- 
verted to a polar display so that it can 
be read directly on the face of a cathode 
ray tube in these coordinates. A Smith 
Chart overlay for the 8414A Polar Dis- 
play unit allows impedance to be read 
directly as the frequency is swept. Fig- 
ure 11 is a typical swept-frequency plot 
of impedance. 

Scattering parameters 
Both the 8405A Vector Voltmeter and 

the 8410A Network Analyzer are ideally 
suited for determining scattering, or “s,” 
parameters of two-port networks, with 
particular reference to transistor charac- 
terization. S parameters are more easily 
measured at frequencies above MHz than 
the more common h, y, and z parameters 
because it is more difficult to obtain pure 
open and short circuits at the higher fre- 
quencies. S parameters are measured with 
the device terminated in 50 ohms. (For a 
discussion of s parameters and how to 
use them, see Hewlett-Packard Appli- 
cation Note 77-1 “Transistor Parameter 
Measurements.” ) 

S parameters are derived from mea- 
surements of the forward and reverse 
transfer characteristics of the device or 
circuit and of the reflection coefficients 
looking into both the input and output 
ports. The 8405A and 8310A determine 
the complex values of all of these quan- 
tities and do so quickly. The design of 
high-frequency circuits is greatly accel- 
erated by using the Vector Voltmeter or 
the Network Analyzer to determine the 
s parameters of components and circuits. 
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T h e  HP 8405A Vector Voltmeter  provides the missing in- 
formation in rf voltage measurements-PHASE. Since rf volt- 
ages are quantities having both magnitude and phase wi th  
respect to each other,  simple voltage measurements tell only 
half the story. Most  circuit design is virtually impossible wi th-  
o u t  phase information.  Both magnitude and  phase d a t a  is re- 
quired to define the network parameters  needed to optimize 
design. T h e  HP 8405A allows you to measure, wi th  one instru- 
ment, both voltage (magn i tude )  and phase over the extremely 
wide frequency range of 1 to 1,000 M H z .  

In addition to these unique capabilities, the HP 8405A fea- 
tures high accuracy and  resolution, direct readout ,  and  oper- 
a t ing  convenience. These features enable you to make  rf voltage 
and  phase measurements more easily than  ever before. By m a k -  
ing these measurements simple, the H P  8405A opens the door 
to new and more effective methods of component,  network,  and  
amplifier evaluation. T h u s  the H P  8 4 0 5 4  reduces costs by 
minimizing equipment  requirements, saves time by simplifying 
measurements,  and  increases effectiveness by extending capa-  
bility over a wide frequency range. 

1-kHz bandwidth, automatic tuning 
T h e  HP 8405A is a two-channel  tuned volt/phasemeter with 

a 1 - k H z  bandwidth.  T h u s  it responds only to the fundamen ta l  
frequency of the input  signal, eliminating errors due to ha r -  
monics. Yet ,  the HP 8405A is as easy to operate  as any  untuned 
voltmeter, making it well suited for fast  production line testing. 
You  simply rotate a f ront-panel  switch to select any of the 21 
overlapping octave ranges which include the input  signal fre- 
quency, and  the automatic  phase-locked tuning does the rest. 
To eliminate guesswork, a f ront -panel  light tells you when the 
voltmeter is properly tuned.  T h e  automatic  tuning will follow 
slowly drift ing or swept  signals so long as they remain within 
the selected octave range.  I n  addition, the two-channel  input  
of the HP 8405A allows you to make  repetitive voltage mea- 
surements  a t  two  points in a circuit, to check the effects of  
adjustments ,  for example, without  altering the setup. 

T h e  HP 8405A uses the sampling technique to  convert the 
input  rf signals to 20-kHz replicas having the same ampli tude,  
waveform, and phase relationship as the input  signals. These 
SO-kHz signals are then filtered so tha t  only 20-kHz sinusoids 
remain,  and the ampli tude of and  phase difference between 
these sinusoids are indicated on  front-panel  meters. 

360" phase range, 0.1" resolution 
Phase is read on  a zero-center meter wi th  end-scale ranges 

of i 1 8 O o ,  i 6 O o ,  i r18O, and  2 6 O .  T h e  2 6 O  scale provides 
0 . l 3  resolution, and  a meter offset selectable in precise 10" in- 
crements permits  this resolution to be realized anywhere in the 
3 6 0 O  range. Phase accuracy is 2 1 . 5 " a t  fixed frequencies a n d  
constant  input  levels and  is quite insensitive to variations in 
either. 

100 ,uV fs sensitivity, > 100-dB range 
Voltages f rom less than  100 microvolts to 1 volt can be 

measured on  channel  B of the 8405A, from less than  300 micro- 
volts to 1 volt on channel A. (Channel  A requires the higher 
input  to operate  the automatic  tuning.)  External  1 0 : 1  dividers 
are supplied to extend the range of both channels t o  10  volts.  
This  wide range, plus  the selective 1 -kHz  bandwidth enables 
you to measure gains or losses in excess of 100 d B  simply and  
accurately. Voltage is read on a single f ront-panel  meter ;  you 
select which channel  voltage is indicated simply by setting a 
switch. Both volt and  phase meters have rugged, reliable tau t -  
band suspensions wi th  mirror-backed scales individually cali- 
brated to the meter movement.  

T h e  input  signals are applied through convenient ac-coupled 
probes which are permanent ly  attached to the instrument .  These  
probes present a high input  impedance (0 .1  megohm shunted 
by 2 . 5  picofarads)  for minimum loading effects when probing. 
T h e  1 0 : 1  dividers increase input  impedance to 1 megohm 
shunted by 2 picofarads. T h e  ac coupling in the probes permits  
you to measure signals as much as 150 volts off ground.  O u t -  
p u t  signals include the 20 kHz  signals f rom each channel plus  
recorder ou tputs  proport ional  to phase and ampli tude.  

8405A 
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Specifications 

Input characteristics 
Instrument type: two-channel sampling rf millivoltmeter- 

phasemeter which measures voltage of two signals and 
simultaneously displays the phase angle between the two 
signals. 

Frequency range: 1 MHz to 1 GHz in 2 1  overlapping octave 
bands (lowest band covers two octaves). 

Tuning: automatic within each band; automatic phase control 
(APC) circuit responds to the channel-A input signal; 
search and lock time, approximately 10 msec; maximum 
sweep speed, 15 MHz/sec. 

Voltage range: channel A:  1 to 10 MHz, 1.5 mV to 1 V rms; 
10 to 500 MHz, 300 ,,,V to 1 V rms; 500 to 1,000 MHz, 
500 ,,,V to 1 V rms; can be extended by a factor of 10 with 
10214A 10:1 Divider; channel B: 100 p V  to 1 V rms full 
scale (input to channel A required); can be extended by 
a factor of 10 with 10214A 1O:l Divider. 

Input impedance (nominal): 0.1 MR shunted by approxi- 
mately 2.5 pF; 1 M a  shunted by approximately 2 pF  
when 10214A 10:1 Divider is used; 0.1 MR shunted by 
approximately 5 pF when 10216A Isolator is used. AC 
coupled. 

Isolation between channels: 1 to 400 MHz, greater than 
100 dB; 400 to 1000 MHz, greater than 75 dB. 

Maximum AC input (for proper operation) : 3 V p-p (30 V 
p-p when 102144 10:1 Divider is used). 

Maximum DC input: k150 V. 

Meter ranges: 100 pV to 1 V rms full scale in 10-dB steps; 
meter indicates amplitude of the fundamental component 
of the input signal. 

Voltage accuracy (at  the probes): 1 to 100 MHz, within 
2 2 %  at full scale; 100 to 400 MHz, within k 6 %  at full 
scale; 400 to 1,000 MHz, within k l 2 %  at full scale; not 
including response to test-point impedance.* 

Single-channel tracking accuracy: & 2 %  of full scale ( k 0 . 2  
dB for Option 02) .  

Amplitude range switch accuracy: -+1%. 
Voltage response to test-point impedance:* +0,  -2% 

from 2 5  to 1,OOOn; effects of test-point impedance are 
eliminated when 102144 1O:l Divider or 10216A Isolator 
is used. 

Residual noise: less than 10 ,,,V as indicated on the meter. 
Bandwidth: 1 kHz. 

Phase range: 360°, indicated on zero-center meter with end- 
scale ranges of &180, k 6 0 ,  &18, and &6O; meter indi- 
cates phase difference between the fundamental compo- 
nents of the input signals. 

Voltmeter characteristics 

Phasemeter characteristics 

Resolution: 0 . 1 O  at any phase angle. 
Meter offset: &180° in l o o  steps. 
Phase accuracy: within 2 1.5O, not including phase response 

vs. frequency, amplitude, and test-point impedance.* 
Phase response vs. frequency: 1 to 100 MHz, less than 

t 0 . Z 0 ;  100 to 1000 MHz, less than k3O. 
Phase response vs. signal amplitude: 1 V to 3 rnV rms, less 

than f - 2 O ;  1 V to 100 ,,.V rrns, less than + 3 O  (add an 
additional & l o o  from 0.1 to 1 V rms between 500 and 
1,000 MHz, + for changes affecting channel A only, - for 
channel B only; effects tend to cancel when signals to both 
channels change equally). 

Phase response vs. test-point impedance:* 0 to 50 R, less 
than i 2 " ;  2 5  to 1,000 R, less than - O " ,  +9" for chan- 
nel A only, less than + O o ,  - g o  for channel B only. 

Phase jitter vs. channel B input level: greater than 700 pV, 
typically less than 0.1O p-p; 125 to 700 pV, typically less 
than 0.5O p-p; 20 to 125  pV, typically less than 2 O  p-p. 

20 kHz IF Output (each channel) : reconstructed signals, 
with 20 kHz fundamental components, having the same 
amplitude, waveform, and phase relationship as the input 
signals; output impedance, 1000 in series with 2000 pF; 
BNC female connectors. 

Recorder output: amplitude: 0 to + 1 V dc &6% open cir- 
cuit, proportional to voltmeter reading in volts; output 
tracks voltage reading within &0.5% of full scale; output 
impedance 1000 a; BNC female connector; phase: 0 to 
2 0 . 5  V dc 2 6 % ,  proportional to phase-meter reading; 
external load greater than 10,OOO.Q affects recorder output 
and meter reading less than 1%; output tracks meter read- 
ing within k l . 5 %  of end scale; BNC female connector. 

RFI: conducted and radiated leakage limits are below those 
specified in MIL-I-6181D and MIL-I-16910C except for 
pulses emitted from probes; spectral intensity of these 
pulses is approximately 60 ,+V/MHz; spectrum extends to 
approximately 2 GHz; pulse rate varies from 1 to 2 MHz. 

General 

Power: 115 or 230 V +lo%,  50 to 400 Hz, 35 watts. 
Weight: net, 30 Ib (13,5 kg) ;  shipping 35 Ib ( 1 5 3  kg) .  
Dimensions: 16%" wide, 7%" high, 18%" deep (425 x 185 

x 467 mm) ; hardware furnished for rack mount 19" wide, 
6-31/32" high, 163/8" deep behind panel (483 x 177 x 
416 m m ) .  

Accessories furnished: 
102141% 1 O : l  Divider (two furnished) for extending 

voltmeter range; voltage error introduced is less than 
-+6% 1 MHz to 700 MHz, less than k l 2 %  to 1 GHz; if 
used on one channel only, phase error introduced is less 
than & (1+0.015f/MHz)O, + for channel A, - for 
channel B. 10216A Isolator (two furnished) for eliminat- 
ing effect of test-point impedance on sampler;" voltage 
error introduced is less than f6% 1 to 200 MHz, response 
is 3 dB down at 500 MHz; if used on one channel only, 
phase error introduced is less than f ( 3  +0.185f/MHt) O, 

+ for channel A, - for channel B. 
10213-62102 Ground Clip (six furnished) for 10214A 

and 10216A. 
5020-0457 Probe Tip (six furnished). 
10218A BNC Adapter (two furnished) converts probe 

tip to male BNC connector. 
Accessories available: 11570A Accessory Kit, includes two 

11536A 50n Tees, one 11549A Power Splitter, two 908A 
Terminations, one 11512A Type N Male Shorting Plug, 
and one 11569A Accessory Case, $318; 11536~4 50R Tee, 
for monitoring signals in 50R systems, $75; 11549~4 
Power Splitter, for evaluating components, $85; 11569A 
Accessory Case, convenient for storing accessories, $8.50; 
10503A Cable Assembly, $6.50; 11512A Shorting Plug, 
Type N male, $4.50; 1250-0778 Adapter, both connectors 
Type N male (UG-57B/U), $5.50; 1250-0780 Adapter, 
TypeN male and BNC female (UG-ZOlA/U), $3; 1250- 
0781 Adapter, Tee, two connectors BNC female, one 
BNC male, $5;  10501A 50n Load, BNC male connector, 
$5; 8491A Coaxial Attenuator, 3, 6, 10, and 20 dB, $50 
each. 

Price: Model 8405A, $2500. 
Option 01. Furnished without 10:1 Dividers, less $35. 
Option 02. Linear dB scale uppermost on voltmeter, add $25. 

*Variation in the high-frequency impedance of test points as a probe i s  shifted 
from point to  point influences the samplers and can cause the indicated 
amplitude and phase errors. These errors are dif ferent from the effects of 
any test-point loading due to  the input  impedance of the probes. 
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Advantages: 
Reads impedance and phase angle directly 
Easy to operate, no balancing or nulling 
Versatile, plug-in measuring terminals 
Reliable, solid-state circuits 

T h e  H P  4800A Vector Impedance Meter will make fast 
measurements of impedance to 10 megohms and phase to 
t 9 0 °  of unknown two-terminal networks. Measurement 
can be made at a particular frequency or over a continuous 
range from 5 Hz to 500 kHz. The  instrument may be me- 
chanically swept to produce continuous measurements over 
its full frequency range. Analog outputs of frequency, im- 
pedance, and phase are available for X-Y recording. T h e  
instrument provides the design engineer with an easy-to-use, 
one-instrument method for checking components and circuits. 

Specificat ions 
Frequency characteristics 

Range: 5 Hz to 500 kHz in five bands: 5 to 50 Hz, 50 to 
500 Hz, 0.5 to 5 kHz, 5 to 50 kHz, 50 to 500 kHz. 

Accuracy: k 2 %  from 50 Hz to 500 kHz, +3% from 5 to 
50 Hz, &l% at 15.92 on frequency dial from 159.2 
Hz  to 159.2 kHz, k 2 %  at 15.92 Ht. 

Monitor output: level: .2 volt rms minimum; source im- 
pedance: 600 ohms nominal. 

Impedance measurement characteristics 
Range: 1 ohm to 10 megohms in seven ranges: 10 ohms, 

100 ohms, 1000 ohms, 10 k ohms, 100 k ohms, 1 
megohm, 10 megohms full scale. 

Accuracy: 5 % of reading. 

Range: O o  1 9 0 ’ ;  Accuracy: ~ 6 ” ;  Calibration: increments 
Phase angle measurement characteristics 

of 5’. 
Direct inductance measurement capabilities 

Range: 1 ,,,,H to 100,000 H, direct reading at decade mul- 
tiples of 15.92 Hz. 

Accuracy: &7% of reading for Q greater than 10 from 
159.2 Hz to 159.2 kHz;  2 8 %  of reading for Q greater 
than 10 at 15.92 Hz. 

Direct capacitance measurement capabilities 

Range: 0.1 pF to 10,000 FF, direct reading at decade mul- 
tiples of 15.92 Hz. 

Accuracy: k 7 %  of reading for D less than 0.1 from 
159.2 Hz to 159.2 kHz, &8% of reading for D less 
than 0.1 at 15.92 Hz. 

Measuring terminal signal characteristics 

Wave shape: .sinusoidal. 
Distortion: less than 1% from 10  Hz to 500 kHz,  less than 

29% from 5 Hz  to 10  Hz. 
Signal level: less than 2 .2  m V  rms 1 to 1000 ohms, approx. 

20 m V  rms 10  k to 100 k ohms, approx. 200 m V  
rms 100 k ohms to 1 megohm, approx. 2 V rms 1 meg- 
ohm to 10 megohms, 

Recorder outputs: (available as option 01) 

Frequency: level, 0 to 1 volt nominal; source impedance, 
0 to 1000 ohms nominal; proportional to frequency 
dial rotation. 

Impedance: level, 0 to 1 volt nominal; source impedance, 
1000 ohms nominal. 

Phase angle: level, 0 k . 9  volt nominal; source imped- 
ance, 1000 ohms nominal. 

Accessories furnished: 1 3 5 2 5 4  Calibration Resistor, OO6lOA 

Dimensions: 163/4” wide, 534” high, 163/s” deep (426 x 

Weight: net 24 lbs (10 ,s  k g ) ,  shipping 30 Ibs (13,5 kg ) .  

Power: 105 to 125  V or 210 to 250 V,  50 to 400 Hz,  27 W. 

Price: H P  4800A, $1,490; Option 01, recorder outputs for 

Terminal Shield. 

133 x 416 m m ) .  

2, 8, and frequency, $100. 
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RF VECTOR IMPEDANCE METER 
Quickly, easily measure Z & 8, .5 to 108 MHz 

Model 4815A 

Advantages: 
Direct reading of impedance and phase 
Convenient probe for in-circuit measurements 
Self calibration check provides measurement confi- 

Analog outputs for data recording 
Low-level test signal minimizes circuit disturbance 

T h e  H P  4815A RF Vector Impedance Meter provides all 
of the convenience of “probe and read” measurements. In 
use, the probe is connected directly into the circuit to be 
evaluated, frequency is selected, and complex impedance 
is read. This type measurement allows a straightforward 
adaptation to various jigs and fixtures for special measure- 
ments. Where  only component values are to be determined, 
a quick-mount adapter is provided to allow rapid measure- 
ments. For critical component applications, the unit to be 
evaluated may be mounted directly in its working circuit and 
its value determined in its actual environment, at the fre- 
quency of interest. 

dence 

Specifications 
Frequency 

Range: 500 kHz to 108 MHz in five bands: 500 kHz to 
1.5 MHz,  1 . 5  to 4.5 MHz,  4.5 to 14 MHz, 14 to 35 
MHz,  35 to 108 MHz.  

Accuracy: t 2 %  of reading, i 1 7 G  of reading at 1.592 
and 15.92 MHz. 

RF monitor output: 150 mV minimum into 50 ohms. 

Range: 1 ohm to 100 k ohms; full-scale ranges: 10, 30, 
Impedance magnitude measurement 

100, 300, 1 k, 3 k, 10  k, 30 k, 100 k ohms. 

Accuracy:k4% Of full Scale t 

of reading, where f = frequency in MHz and Z is 
in ohms; reading includes probe residual impedance. 

Calibration: linear meter scale with increments 2 %  of 
full scale. 

Phase angle measurement 

Range: 0 to 360’ in two ranges: 0 I 90°, 180’ t 90’. 

degrees; Accuracy: t 3 + - ( 
f 

where f = frequency in MHz and 2 is in ohms. 
30 MHz + 50 k ohms 

Calibration: increments of 23 .  
Adjustments: front panel screwdriver adjustments for 

Magnitude and Phase Zero. 
Recorder outputs 

Frequency: 0 to 1 volt from 0 to 1 k ohm source, pro- 

Impedance magnitude: 0 to 1 volt from 1 k ohm source. 
Phase angle: 0 I+ 0.9 volt from 1 k ohm source. 

Dimensions: 16%” wide, 7%‘‘ high, 18%” deep (426 x 
185 x 476 m m ) .  

Weight: net 39 Ibs (17,6 kg ) ,  shipping 50 lbs (22,5 kg ) .  

Power: 105 to 125  V or 210 to 250 V,  50 to 400 Hz, 50 W. 
Accessories furnished: 

1. OO6OOA Probe Kit:  contains BNC Type “N” adapter, 
Probe Socket, oo6oiA Component Mounting Adapter, 
2 probe center pins, probe ground assembly. 

portional to dial rotation. 

2. Rack Mount Kit. 

Price: H P  4815A, $2650. 
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8410A Network Analyzer 

ATTENUATION PHASE GAIN IMPEDANCE 0 ADMITTANCE REFLECTION COEFFICIENT AND ANGLE 
110 MHz to 12.4 GHz With One Simple System! 

Complete description of microwave devices 
Phase and amplitude data gives complete description of 

microwave devices. A powerful tool for component and systems 
design and test without ambiguity. 

Direct readout with choice of display 
Plug-in meter indicates magnitude and phase at spot fre- 

quencies. Wideband auxiliary outputs for swept displays on 
oscilloscope or X - Y  recorder. 

Plug-in CRT display for swept polar and Smith Chart read- 
out. Auxiliary outputs for higher resolution X - Y  plots. 

Add display versatility with future plug-ins. 

Fast sweeps over octave bands 
Swept displays for fast testing over full band. Rapid sweep 

for dynamic CRT display - make adjustments to devices while 
viewing overall effects. 

Wide dynamic range - high resolution 
60 dB amplitude and 360" phase displays. Use precise off- 

set controls to read amplitude and phase to 0.1 dB and 0.1 
degree resolution. hTo phase ambiguity - meter indicates phase 
sense directly. 

Easy setup 
Transmission and reflection units complete the system; all 

RF hardware is connected and pre-calibrated inside three con- 
venient modules. They provide: 
-a calibrated variable measurement plane (line stretcher) 

to determine electrical and physical length of unknown 
devices in transmission tests. T o  eliminate graphical Smith 
Chart transformations in reflection tests. 

-Rigid coaxial air line for stable RF connections. Adjustable 
RF line length for easy connection to unknown without flex- 
ible cables. 

This one compact, low cost system measures all network parameters from 110 M H z  to 12.4 GHz.  

-Specified overall system accuracy for easier error analysis. 

Accurate 
Precision components assure basic system accuracy. Even 

greater accuracy possible at spot frequencies because vector 
errors, such as reflectometer directivity, can easily be calibrated 
out. This is a direct benefit to measuring both phase and 
amplitude. 

Basic system 
The 8410A main frame and 8411A Harmonic Frequency Con- 

verter provide basic RF tuning and IF conversion functions. 
Reference and test channel signals between 0.11 and 12.4 are 
converted to 20 MHz IF signals by the 8411A. Phase and 
amplitude relationship between input RF signals is maintained 
in the 20 MHz IF signals. The two IF signals are then fed 
through a 5 foot cable to the 8410A main frame. The flexible 
cable gives more freedom when making RF connection to large 
test devices. The 8410A main frame includes the automatic 
frequency tuning circuit, IF amplifiers, precision IF gain con- 
trol and power supply for the 8411A and plug-in modules. A 
front panel switch selects the octave range desired between 
0.1 and 12.4 GHz and the rest is automatic. The system phase 
locks to the frequency and follows it even during rapid sweep 
operation. 

Model 8413A Phase-Gain Indicator plugs into the main 
frame to provide meter readout of relative amplitude and 
phase shift between the two signals. The meter is calibrated 
in t 3, 10, 30 dB amplitude and i: 6, 18, 60, and 180 degrees 
phase. Meter function and range are selected by convenient 
pushbutton switches. A phase offset switch, calibrated in pre- 
cise 10 degree steps, allows any angle to be displayed on the 
& 6 degree phase scale for 0.1" resolution. Separate dc outputs 
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can be used to display swept frequency plots of amplitude 
over 60 dB and up to 360” phase on an auxiliary oscilloscope 
or X - Y  recorder (pp. 103, 426). 

Model 8414.4 Polar Display is an alternate plug-in for the 
8410A main frame and provides a cathode ray tube readout. 
Magnitude and phase are displayed in polar coordinate form 
on a 5 inch internal graticule CRT. 

Calibration of the CRT is in five linear amplitude steps (cir- 
cular lines) and every 10 degrees phase (radial lines) over 
360”. CRT overlays are provided for Smith Chart and ex- 
panded Smith Chart readout of normalized impedance or ad- 
mittance. Conveniences include a beam center button to locate 
and center the trace, variable background illumination for CRT 
photos without ultraviolet light source in the camera, and X - Y  
outputs for high resolution polar plots. Two frequency marker 
signals may be fed into the 8414A from either the H P  8690A 
or 690C/D -Series Sweep Oscillators. The markers show up as 
bright spots on the CRT display giving accurate frequency 
reference points. 

Amplitude sensitivity is controlled by the 8410A in precise 
10 and 1 dB steps along with a continuous vernier. Using this 
precise gain control, one can set up a unity p Smith Chart, 
calibrating with a short, then expand for full scale readings 
of say 0.2. Also, one can compress the scale for reading nega- 
tive real impedances with a full scale of 3.16. CRT overlays 
are included for these three scales. 

8470A 
Transmission 

test unit 

8471A 8472A 
Ref I ectio n 
test units 

Transmission test unit 
Model 874OA Transmission Test Unit provides convenient 

RF input and signal splitting functions for gain, phase, or 
attenuation tests with the 8410A. The unit operates over the 
full 0.11 to 12.4 GHz frequency range of the 8410A thus elim- 
inating RF “hardware” changes when testing broadband co- 
axial components over several octaves. 

RF input power is split into reference and test channel out- 
puts for connection to the unknown and Model 8411A Con- 
verter. When a device is inserted between the 8740A and 8411A 
test channel connectors, a mechanical extension is required in 
the reference channel equal to the physical length of the test 
device. This extension is provided up to 10 cm by an adjustable 
air line in the 8740A. The line’s extension is calibrated by a 
digital indicator. 

A calibrated 30 cm line stretcher in the t eJ t  channel can be 
used to effectively “stretch” the reference channel signal path. 
This allows compensation for linear delay in the test device 
and measurement of its electrical length compared to air line. 

Fixed 10 and 20 cm lengths of air line with ? mm connectors 
are available for testing devices longer than 10 cm. These fixed 
lines provide a great deal more system flexibility and are highly 
recommended accessories, especially when coax adapters are 
used. One 10 cm and one 20 cm line provide convenient com- 
binations for testing devices up to 40 cm long. 

Reflection test units 
Model 8741A Reflection Test Unit simplifies RF connections 

for impedance testing 0.11 to 2.0 GHz. The unit provides a 
complete phase-balanced reflectometer for swept or fixed fre- 
quency impedance tests with the 8410A. The unit includes a 
wideband dual directional coupler and line stretcher calibrated 
in centimeters by a digital indicator. Connection to the unknown 
device is made at a front panel 7 mm precision coax connector. 
(Adapters available for other types of connectors.) Incident 
and reflected voltages in the reflectometer are fed out to the 
Model 8411A Converter. Amplitude ratio and phase is mea- 
sured by the 8410A/8413A as return loss in dB and angle, as 
complex impedance (or admittance) or as reflection coefficient 
and angle using the Model 8414A Polar Display. 

A reference short is supplied for system calibration. The line 
stretcher is adjusted for equal phase shift between the incident 
and reflected signal paths in the reflectometer. This assures 
phase accuracy whenever test frequency is swept, or changed 
during spot frequency tests. The line stretcher can also be used 
to shift the reference plane. This makes possible direct imped- 
ance readings at any plane which would otherwise require 
graphical Smith Chart transformation. 

Model 8742A Reflection Test Unit is a complete ultra-wide 
band reflectometer for impedance tests 2.0 to 12.4 G H t  with 
the 8410A. A calibrated line stretcher performs the same func- 
tions described earlier for the lower range Model 8741~4. The 
unit is the same as the 8711A in function and differs only 
slightly in outward appearance. Incident and reflected signals 
from the reflectometer are fed out the front panel. Connection 
to the unknowm device is made on a side panel connector. All 
RF connections in the measure and reference channels are 7 
mm precision coax for highest accuracy and repeatability. A 
reference short is provided for initial reflectometer calibration. 

Specifications 
8410 A Network analyzer 

(operating with 8411A) 
Instrument type: measures relitive amplitude and phase of 

two RF input signals; choice of two plug-in display modules 
for meter readout (8413A), or CRT polar display (8414A). 

Frequency range: 0.11 to 12.4 GHz 
Tuning: automatic over octave band selected by front panel 

switch. 
Swept operation: sweeps in octave bands; apply sweep refer- 

ence voltage for fast sweep operation (compatible with sweep 
reference out of Model 8690A Sweep Oscillators*). 

Input impedance: 5On, SWR <1.4 to 8 GHz, <2.0 to 12.4 
GHz; connectors precision 7 mm coax (APC-7). 

Channel isolation: >75 dB, 0.1 to 8.0 GHz; >60 dB, to 12.4 
GHz. 

Amplitude 
Range: 

Reference channel: -20 to -40 dBm (z 2 2  to 2.2 m V ) ;  
meter indicates proper range. 

Test channel: -10 to 80 dBm (e 71 mV to 2 2  P V ) ;  not 
to exceed reference channel power by more than 10 dB. 

Maximum RF input to either channel: 50 m W  (damage level). 
Maximum DC on RF line: e3 V. 
Amplitude control: adjusts gain of test channel relative to ref- 

erence channel. 
Range: 69 dB total in 10 and 1 dB steps; vernier provides 

continuous adjustment over at least 2 dB. 
Accuracy: 2 . 0 5  dB per 10 dB step, not to exceed 2 0 . 1  dB 

cumulative. kO.01  dB per 1 dB step, not to exceed k . 0 5  
dB cumulative. 

*Simple resistive network required for BBOC/D-Series Sweep Oscillators. 
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NETWORK ANALYZER 

Function 

Simplifies RF input and 
test device connection 
for attenuation or gain 
test. Accepts RF input 
signal from source and 
splits into reference and 
test channels for con- 
nection to 8411A and 
the unknown device. 
Calibrated l ine stretcher 
b a l a n c e s  o u t  l i n e a r  
phase shi f t  when test 
device is inserted. 

Table 1. System Components 

8410A 
Network 
Analyzer 

Model I Function 

Mainframe for readout 
modules, includes tun-  
ing  circuits, IF ampli f i -  
ers, and precision IF at-  
tenuator. 

8411A 
Harmonic 
Frequency 
Converter 

Converts 2 RF input sig- 
nals 0.11 to 12.4 GHz in -  
to 20-MHz IF signals. 

8413A 
Phase- 
Gain 
Indicator 

Plug-inmodulefor8410A 
Mainframe provides me- 
ter display of relative 
amplitude and phase be- 
tween input signals, 
auxilary outputs for 
scope or X-YlY2, ,read- 
out of phase-gain/at- 
tenuation. 

Range 

~ 

8741A 
Reflection 
Test Unit 

8742A 
Reflection 
Test Unit 

~~ 

0.11 to 12.4 GHz when 
used with Model 8411A 

Wide-band reflectome- 
ter, phase balanced for 
swept or spot frequency 
impedance tests below 
2 GHz. Accepts RF input 
and provides connec- 
tions for unknown test 
device and 8411A Mov- 
able reference plane 

UI tra-wide band reflec- 
torneter, phase balanced 
for impedance tests a- 
bove 2 0  GHz. Movable 
reference plane 

3.11 to 12.4 GHz when 
used with the 8410A. 
Impedance 50 ohms. 

8414A 
Polar 
Display 

Full scale *3, 10, 30 
dB  and *6, 18, 60, 180 
degrees. Auxiliary out- 
puts 50 mV/dB and 10 
mV/degree. 

Plug-inrnodulefor8410A 
Mainframe. CRT polar 
display of amplitude and 
phase. X-Y outputs for 
high resolution polar 
and Smith Chart imped- 
ance plots. 

Internal graticule CRT 
for non-parallax view- 
ing. Ampli tude calibra- 
tion i n  f ive linear steps. 
Phase i n  10" intervals 
.hrough36O0 Smith Chart 
werlays for direct im-  
pedance readout (norm- 
alized to 50 ohms). 

Price 

$1,600 
- 

$2,000 

$775 

$750 

Frequency response: reference and test channels track within 

Noise: less than -80 dBm equivalent input noise (measured 

Drift: < & .05 dB per degree C. 

2 0 . 3  dB to 8.0 GHz, k 0 . 5  dB to 12.4 GHz. 

on 8413A Meter). 

Phase 
Range: 0 to 360". 
Control: vernier provides continuous phase reference adjust- 

Frequency response: reference and test channels track within 

Drift: < i.0.1' phase per degree C. 

ment over at least 90".  

t 3 "  to 8.0 GHz, k 5 "  to 12.4 GHz. 

General 
Outputs: two rear panel auxiliary outputs provide 278 kHz 

IF signals; outputs may be used for signal analysis, special 
applications, and convenient test points; modulation band- 
width nominally 10 kHz. 

Reference channel I F  2 volts peak-to-peak. 
Test channel I F  10 volts peak-to-peak or less, depending on 
signal level and test channel gain setting. 
Sweep reference input: accepts dc voltage proportional to fre- 

quency for optimum swept-frequency operation; compatible 
with 0 to 40 volt per octave (nominal) sweep reference out- 
put of 8690-Series Sweep Oscillators. 

Power: 115 or 230 volts &lo%, 50 to 400 Hz, 70 watts (in- 
cludes 8411A). 

Weight: 8410A3,32 Ibs; 8411A,61/4 Ibs. 
Dimensions: 8410A 7%" high, 83/8" deep, 16%" wide; 

8411A 2%" high, 5%'' deep, 9" wide exclusive of con- 
nectors; 5' cable permanently attached for connection to 
8410A. 

Price: 8410A, $1600; 8411A, $2000. 

Model 

8740A 
Transmissio 
Test Unit 

Range 

0.11 to 12.4 GHz. Imped- 
ance 50 ohms 

0.11 to 2.0 GHz 

2.0 to 12.4 GHz 

Price 

$1,000 

Available 
on 

request 

Available 
on 

request. 

8413A Phase-Gain Indicator 
(installed in 8410A)  

Instrument type: plug-in meter display unit for 8410A. Dis- 
plays relative amplitude in dB between reference and test 
channel inputs or relative phase in degrees. Pushbutton se- 
lection of meter function and range. 

Amplitude 
Range: k 3 0 ,  10 and 3 dB full scale. 
Accuracy: i .3% of end scale. 
Log output: 50 millivolts per dB up to 60 dB total; bandwidth 

10 kHz nominal depending on signal level; source impedance 
1 kn; accuracy, same as meter. 

Linear output (rear panel): 0 to 1 V maximum; 10 kHz band- 
width; 2000 source impedance. 

Drift: 
Log; < k O . O 5  dB per degree C. 
Linear; < 5 mV per degree C. 

Phase 
Range: 2180,  60, 18, 6 degrees full scale. 
Accuracy: .t2% of end scale. 
Output: 10 millivolts per degree; 10 kHz bandwidth; 1 kn 

source impedance. Accuracy, same as meter. 
Drift: < t0.1 degree per degree C. 
Phase offset: 2 1 8 0  degrees in 10 degree steps. 
Accuracy: k 0 . 3  degrees per 10 degree step, not to exceed 2 1 . 5  

degrees cumulative. 
Phase response versus signal amplitude: 4 degrees maximum 

phase change for 60 dB amplitude change in test channel. 
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General 
Power: additional 1 5  watts supplied by 8410A. 
Weight: 11 Ibs. 
Dimensions: 6” high , 15-9/16” deep, 7-9/32” wide (excludes 

front panel knobs). 
Price: $775. 

8414A Polar Display 
Instrument type: plug-in CRT display unit for 8410A. Dis- 

plays amplitude and phase data in polar coordinates on 
5’’ cathode ray tube. 

Range: normalized polar coordinate display; magnitude cali- 
bration 20% of full scale per division. Scale factor is a 
function of GAIN setting on 8410A. Maximum scale fac- 
tor 3.16 (for 0 dB setting) decreasing to at least ,0316 

(for +40  dB setting); phase calibrated in 10 degree in- 
crements over 360 degree range. 

Accuracy: error circle on CRT < 3  mm radius. 
Outputs: two dc outputs provide horizontal and vertical 

components of polar quantity. Maximum output i 10 
volts, <loon source impedance, bandwidth (3  dB) 10 
kHz. 

Drift: CRT, < &0.2 mm/degree C; auxiliary outputs, < i 10 
mV/degree C. 

Beam center: pressing BEAM CENTER simulates zero-sig- 
nal input. Allows convenient beam position adjustment 
for reference 

General 
CRT 5 inch, 5 kV post accelerator tube with P-2 phosphor; 

internal polar graticule. 
Marker input (rear panel): accepts frequency marker output 

pulse from H P  8690-Series and 690-Series Sweep Oscillators, 
- 5  volts peak. Markers displayed as intensified dot on CRT 
display. 

Blanking input (rear panel): accepts -4 volt RF blanking 
pulse from HP 8690-Series and 690-Series Sweep Oscillators 
to blank retrace during swept operation. 

Background illumination: controls intensity of CRT back- 
ground illumination for photography. Eliminates need for 
ultraviolet light source in oscilloscope camera when photo- 
graphing internal graticule. 

Power: additional 35 watts supplied by 8410A. 
Weight: 13 lbs. 
Dimensions: 6” high, 15-9/16“ deep, 7-9/32” wide (excludes 

Price: $750. 

front panel knobs). 

8740A Transmission Test Unit 
Instrument type: RF power splitter and calibrated line 

stretcher for convenient transmission tests with 8410A. 
Provides reference and test channel RF outputs for con- 
nection to unknown device and the 8411A Converter. 

Frequency range: dc to 12.4 GHz. 
Frequency response: reference and test channel outputs 

track within f 0 . 5  dB amplitude and f 3  degrees phase. 
Output impedance: 50 ohms, reflection coefficient 0.07 (1.15 

SWR, 23 dB return loss) dc to 8 GHz; 0.11 (1.25 SWR, 
19 dB return loss) 8.0 to 12.4 GHz. 

Maximum RF input power: 1 watt. 
Connectors: input, compatible Type N female stainless steel; 

Reference plane extension: 
output, APC-7. 

Electrical; 0 to 30 centimeters. 
Mechanical; 0 to 10 centimeters. 
Both extensions calibrated by digital indicators. 
Indicators are adjustable for initial calibration. 

Power: passive, no primary power required. 
Weight: 17% Ibs. 
Dimensions: 6” high, 16-3/16” deep, 7-9/32” wide (ex. 

Price: $1000. 
cluding knobs and connectors). 

8741A and 8742A Reflection Test Units 
Instrument type: wideband reflectometer, phase-balanced for 

swept or spot frequency impedance tests with 8410A. Cali- 
brated variable reference plane. 

Frequency range: 0.11 to 2.0 GHz (8741A); 2.0 to 12.4 
GHz (8742A). 

Frequency response: incident and reflected outputs from re- 
flectometer track within i 0 . 5  dB amplitude, *3 degrees 
phase ( & 5 degrees in 8742A). 

Impedance: 50 ohms. 
Maximum RF input: 30 watts. 
Residual reflection coefficient: < O . O l ,  0.1 to 1.0 GHz; 

<0.02, 1.0 to 2.0 GHz (8741A): <0.03, 2.0 to 12.4 GHz 
(8742A). 

Connectors: input, Type N female, stainless steel; incident, 
reflected, and unknown reflectometer ports APC-7. 

Reference plane extension: 0 to 15 cm (8741A); 0 to 17 
cm (8742A) ; calibrated by digital dial indicator. Indicator 
is adjustable for initial calibration. 

Power: passive, no primary power required. 
Weight: 16% Ibs (8741A); 1 5 %  Ibs (8742A). 
Dimensions: 6” high, 16-3/16” deep, 7-9/32” wide (not in- 

Prices: on request. 

Accessories furnished 

cluding connectors and knobs). 

Smith Chart CRT overlays: plastic overlays for 8414A Polar 
Display converts readout to normalized impedance or ad- 
mittance. Full scale = 3.16 (for negative real imped- 
ances) ; 1.0 and 0.2; (furnished with 8414A). 

Coaxial short: for calibrating 8741A, 8742A Reflectometers: 
APC-7 connector; (furnished with 8741A and 8742.4). 

Accessories available 
Coaxial adapters: 115244, APC-7 to N female; 11525A, 

APC-7 to N male. Other adapters available from Am- 
phenol RF Division, Danbury, Connecticut. 

Fixed air line extensions: 11566A, 10 cm overall length; 
11567A, 20 cm overall length. APC-7 connectors at both 
ends. (Prices available on request.) 

Coaxial terminations: 909A fixed, 50Q; 907A sliding 50Q, 
APC-7 or Type N connectors. 

Coaxial short: calibrates 8741A, 8742A Reflectometers when 
adapted to Type N connectors. 
l l 5 l l A  Type N female; 11512A type N male. 

8492A, dc to 18 GHz, APC-7 connectors. 
Nominal attenuation; Option 03, 3 dB; Option 06, 6 dB; 

Option 10, 10 dB; Option 20, 20 dB. Maximum input 
power 2 watts. 

8491A, dc to 12.4 GHz; 8491B, dc to 18 GHz, Type N 
connectors. 

Nominal attenuation; Option 03, 3 dB; Option 06, 6 dB; 
Option 10, 10 dB; Option 20, 20 dB. Maximum input 
power 2 watts. 

Complementary equipment 

Fixed coaxial attenuators: 

Sweep oscillators: H P  8690A and plug-in RF units covering 

Oscilloscopes: H P  140A and 1405A Dual Trace and 1420A 

X-Y Recorders: Moseley 136A two pen recorder, 8 $$” x 11”; 

8410A range and beyond. 

Horizontal plug-ins. 

2FA two pen recorder, 11 ” x 17”. 
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C, R, L, D, & Q MEASUREMENTS Is IMPEDANCE 

Analysis of capacitors, inductors, and 
resistors for low-frequency applications 
is commonly made with a universal 
bridge. Universal bridges have consider- 
able versatility, being able to measure 
not only resistance, capacitance, and in- 
ductance over wide ranges, but also the 
Q of inductances and the dissipation 

factor (-) of capacitors. This versatility, 

however, has lead in the past to compli- 
cated control panels, oftentimes making 
it not so simple for the occasional user 
to make bridge measurements, without 
recourse to study of the instructional 
manual. A new universal bridge ( H P  
Model 4260A, page 250) has been de- 
signed, which removes the confusing 
elements which have previously been as- 
sociated with bridge operation. The read- 
out is direct. Measurement results are 
displayed by an in-line digital readout, 
and the decimal point is placed auto- 
matically by the range switch. The unit 
of measurement (e.g., IF), as selected 
by the function and range switches, is 
shown in the window. Multiplication 
factors need not be applied to the read- 
ing. The only terminals on the front 
panel are those for the unknown com- 
ponent. See Figure 1. 

The bridge measures resistance values 

1 

Q 

from 10 milliohms to 10 megohms, in- 
ductances from 1 microhenry to 1000 
henry, and capacitances from 1 p F  to 
1000 PF. Measurement accuracy is, a t  
worst, & 2 % ,  and is better than 
through the major portion of the range. 

Q is measured, in the series configura- 
tion, from 0.02 to 20; Q of R in parallel 
with L is measurable in a range from 8 
to 1000. The dissipation factor (D) of 
capacitors is measured from 0.001 to 
0.12 for series C and R, and from 0.05 
to 50.0 with parallel C and R. The ac- 
curacy of D and Q measurements is 
& 5 % ,  or better. 

Inside the bridge is a driving oscillator, 
operating at  1 kHz. Other frequencies 
within a range of 20 Hz to 20 kHz may 
be used to drive the bridge, rear panel 
terminals being provided for the connec- 
tion of external oscillators and detectors. 

A generalized ac impedance bridge is 
shown in Fig. 2 .  The bridge is driven by 
an ac source across the corners OQ. 
When the voltage across arm O P  equals 
the voltage across arm OS, the output 
voltage, expressed across the detector 
connected to P and S, is zero. The bridge 
is balanced, or nulled; the product of 
the impedance across OS and that across 
PQ is equal to the product of the im- 
pedance across SQ and that across OP. 
Now the value of any of the four im- 

Figure 2. Genera l ized ac b r idge  con f igu ra -  
t ion .  OQ i s  b r i dge  d r i v i n g  vo l tage.  OS is  f i x e d  
by va lue  o f  u n k n o w n  c o m p o n e n t  a n d  s e t t i n g  
of RANGE sw i t ch .  OP is  d e t e r m i n e d  b y  RCRL 
a n d  RDo con t ro l s  a n d  C,. W h e n  balanced,  
vo l tage  across PS i s  zero. 

pedances can be calculated if the other 
three are known. 

An internal dc supply is used for mea- 
surements of resistance and an internal 
1-kHz oscillator drives the bridge for 
measurements on capacitors and induc- 
tors. In ac bridge measurements of re- 
active components, not only must the ac 
signal amplitude at the known and un- 
known bridge corners be equal, but the 
signals must also be in phase if a null 
is to be achieved. It has been usual in 

F igu re  1. N e w  Universa l  B r idge  h a s  d i g i t a l  read-out ,  a u t o m a t i c  dec imal  p l a c e m e n t ,  non.ambiguous r a n g e  ind i ca t i on ,  a n d  o t h e r  fea tu res  t h a t  
s i m p l i f y  m e a s u r e m e n t  of res is tance,  capaci tance,  inductance,  Q, a n d  loss fac to r .  B r idge  des ign  e l im ina tes  p r o l o n g e d  b a l a n c i n g  p r o c e d u r e s  fo r .  
m e r l y  c a u s e d  by  s l i d i n g  n u l l  in m e a s u r e m e n t s  of lossy re la t i ve  components .  Con t ro l  c i r c u i t r y  au tomat i ca l l y  b r i ngs  DQ res i s to r  t o  co r rec t  va lue  
as CRL d ia l  is  ad jus ted  f o r  a nu l l .  
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IMPEDANCE E l  C, R, L, D, & Q MEASUREMENTS 

the past to require that two controls 
(RCRL and R D ~ )  be operated, to bring 
the bridge into balance. These controls 
interacted, particularly when lossy re- 
activated components were measured, 
and it was necessary to adjust each al- 
ternately, several times, to bring the de- 
tector to minimum (or null) .  

Null  procedure in Hewlett-Packard’s 
new Model 4260A Universal Bridge is 
greatly simplified by using a feedback 
control system to make one of the bridge 
adjustments automatically. T o  find the 
value of an unknown C or L, the bridge 
is switched into its AUTO mode, and 
then it is necessary only to adjust one 
control (CRL) for balance. The other is 
automatically brought to the correct 
value. Now C or L can be read directly, 
after balancing the bridge with one ad- 
justment of the CRL control. 

The dissipation factor for capacitors 
(D)  or quality factor for inductors (Q) 
is found by switching a manually-con- 
trolled resistance, after the initial bal- 
ance with the CRL control has been 
reached. A DQ control then is adjusted 
for second null indication. The bridge 
thus may be brought to complete balance 
with only two adjustments; there is no 
“chasing” of the null through further 
alternate adjustments of any interacting 
controls. 

Q meters 
The Q of a resonant circuit, compris- 

ing a variable known capacitor (C,) 
contained in the Q meter and an external 
inductor (Lx), is measured by impress- 

7p-p 0.5-250 MC BRIDGE 
MIXER F2-FI KC AMP D-0 INDICATOR 

UNKNOWN 

F2 OSC 1 0.6250.1 MC 

Figure 4. RX Meter. 

ing a signal of known voltage ( E , )  and 
variable known frequency in series in the 
circuit, and measuring the voltage (E,) 
across the capacitor when the circuit is 
resonated to the chosen frequency of the 
impressed voltage. Q of the circuit is the 
ratio E,/E,. With E,  known, the volt- 
meter measuring E, can be calibrated di- 
rectly in Q. By inserting low impedances 
in series with the inductor L,, or high im- 
pedances in parallel with the capacitor 
C,,, the constants of unknown circuits or 
components may be measured in terms 
of their effect on the original circuit Q 
and tuning capacitance. 

To calibrate these meters, Hewlett- 
Packard provides Q standards which are 
standard inductors of calibrated Q. A 
series of convenient reference inductors 
is also available from H P  for use as 
known constants or substitutes in the 
L, position 

HI f-;- 

GND 

0 

VFO L THERMOCOUPLE 

m 
Figure 3. Q Meter. 

There are two Q meters in the H P  
family. Model 260.4 is for the frequency 
range 50 kHz to 50 MHz which may be 
extended down to 1 kHz by using a 
suitable external oscillator with a Model 
00564A Coupling Unit. Model 190A 
serves the range 20 MHz to 260 MHz. 

RX meter 

The H P  Model 250A RX Meter di- 
rectly presents the parallel resistive and 
reactive constituents of Z, for two-termi- 
nal networks, in the range from 0.5 to 
250 MHz. 

The output of the 0.5 to 250 MHz 
test oscillator (F,) is fed into a Schering 
bridge. When the impedance to be mea- 
sured is connected across one arm of the 
bridge, the equivalent parallel resistance 
and reactance unbalance the bridge, and 
the resulting voltage is fed to the mixer. 
The output of the 0.6 to 250.1 MHz 
oscillator (F?) ,  tracking 100 kHz above 
F1, also is fed to the mixer, resulting in 
a 100 kHz difference frequency propor- 
tional in level to the bridge unbalance. 
This is amplified selectively to provide 
desired balance sensitivity. When the 
bridge R and C controls are nulled, their 
respective dials accurately indicate the 
parallel impedance components of the 
test sample. 

The instrument’s range of measure- 
ment is 15 to 100,000 ohms for parallel 
resistance (0 to 1 5  ohms by indirect 
means), 0.1 to 100 p F  (120 pF by indirect 
means) for C, and 0.001 ,pH to 100 m H  
for L. Access to the measurement circuit 
through Type N coaxial connectors may 
be had by installing the Model 00515A 
Adapter Kit. 
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Advantages: 
Electronic AUTOBALANCE - single control null 
Digital Readout for C, R, L 
Direction Indicators for fast range selection 

and balance 

Measurements of C, R, L, D (dissipation factor of capaci- 
tors), and Q are easily made with the new Model 4260A Uni- 
versal Impedance Bridge. 

The readout for C, R and L is digital with the decimal point 
automatically positioned. Units of measurement and the equiv- 
alent circuit automatically appear with a twist of the function 
switch. There are no multipliers or confusing non-linear dials 
which need interpolation. 

Operation is simple. Set the function knob for the parameter 
to be measured, adjust the range switch for an on-scale indi- 
cation, and obtain a null with the CRL control. There are no 
interacting controls to adjust and readjust. There are no false 
nulls. A unique electronic AUTOBALANCE circuit solves all 
these problems. Components with low Q or high D are as easy 
to measure as those without loss. 

For D or Q measurements, switch out of AUTO and turn 
the DQ control until another null is obtained. Only one ad- 
justment is needed for each measurement. 

Five bridge circuits are incorporated in the 4260A; each is 
composed of stable, high-quality components for good accuracy 
and linearity. An internal 1 kHz drives the bridge. 

iVulling is easy. Illuminated pointers ( Q  CRL D ) auto- 
matically tell whether a null is up- or down-scale. Both range 
and CRL controls can be set watching these pointers. 

Components may be biased by connecting a battery to the 
rear terminals. An external oscillator and detector can be used 
for measurements in the 20 Hz - 20 kHz range. 

The compact modular cabinet is ideal for bench use; and it 
may be rack mounted using accessory hardware. A tilt stand 
is provided to raise the viewing angle: it also serves as a con- 
venient carrying handle. 

Specifications 

Capacitance measurement 
Capacitance 

Range: 1 pF to 1000 PF, in 7 ranges. 
Accuracy: * (1% + 1 Digit), from 1 nF to 100 PF. * ( 2 %  + 1 Digit). from 1 pF to 1 nF  and 100 PF 

to 1000 PF. 
Dissipation factor 

Range: 
LOW D-(of series C )  : 0.001 to 0.12. 
HIGH D-(of parallel C )  : 0.05 to 50. 

L O W  D-(of series C ) :  * ( 5 %  + 0.002) or * ONE DIAL 
DIVISION, whichever is greater. 

HIGH D-l/D (of parallel C) : * ( 5 %  + 0.05) or t ONE 
DIAL DIVISION of L O W  Q dial, whichever is greater. 

Accuracy: for C >IO0 pF. 

Inductance measurement 
Inductance 

Range: 1 PH to 1000 H, in 7 ranges. 

UNIVERSAL BRIDGE 
Simplified, easy to read impedance measurement 
Model 4260A 

~~~~~~ ~ 

iccuracy: * (1% + 1 Digit), from 1 mH to 100 H. * (2% + 1 Digit), from 1 ,pH to 1 mH and 100 H to 1000 H.  
Quality factor 

Range: 
L O W  Q-(of series L) : 0.02 to 20. 
HIGH Q-(of parallel L )  : S to 1000 

Auto-balance 
Eliminates need for DQ adjustments in parallel C and series L 

Accuracy: for D < I  and Q >1 add *0,5% to C and L accuracy 
measurements at 1 kHz. 

specifications. 

Resistance measurement 
Range: 10 millixolts to 10 megohms, in 7 ranges. 
Accuracy: * (1% t 1 Digit), from 10 ohms to 1 megohm. 
i. (2% + 1 Digit), from 10 milliohms to 10 ohms and 

1 megohm to 10 megohms. 

Oscillator and detector 
Internal oscillator: 1 kHz = 2%, 100 mV rms = 20%. 
Internal detector: tuned amplifier at 1 kHz; functions as a broad- 

band amplifier for measurements with external oscillator. 

General 
Power: 115 or 230 volts * lo%, 50-60 Hz, approx. 7 watts. 
Dimensions: 7-25/32" wide, 6-17/32" high, 11" deep (190 x 166 

Weight: net, I 1 lbs ( 5  kg) , Shipping, 1 5  Ibs (6,s kg) 
Optional accessories: 

x 279 mm) 

HP 419A for accurate R measurements < I O  ohms and >1 M 

HP 204B for measurements 20 Hz - 20 kHz. 
HP 140A/1400A or external tuned null detector with 90 dB gain 

ohms. 

and Z,,, > I O  k ohms for measurements 20 Hz - 20 kHz. 
Price: Model 4260A Universal Bridge, $550.00. 

Manufactured by Yokogawa-Hewlett-Packard Ltd., Tokyo. 
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RX METER 
Self-contained rf bridge, 500 kHz to 250 MHz 

Model 250A 

The  H P  250A RX Meter is a completely self-contained 
instrument for use in measuring the equivalent parallel re- 
sistance and capacitance or inductance of two terminal net- 
works. The  instrument’s design includes an accurate, con- 
tinuously tuned oscillator, high-frequency bridge, amplifier- 
detector and null indicating meter. 

The  oscillator, which is carefully designed to minimize 
temperature effects, is mounted inside a rigid casting in 
order to obtain a high degree of accuracy, stability and low 
leakage. A long-life sub-miniature triode is used, and the 
unit is carefully shielded to avoid any leakage of signal to 
the amplifier-detector by any path other than through the 
bridge. The  high-frequency bridge is also mounted inside a 

casting and is specially designed to minimize the effects of 
coupling between arms. 

Quality variable components 

All calibrated variable elements of the bridge are special 
low-inductance, high-quality variable capacitors driven by 
anti-backlash gears. Connections to the unknown impedance 
are arranged for almost zero lead length. Convenient, easily 
adjusted bridge balance controls are available. 

The  amplifier-detector null indicator has high, auto- 
matically controlled gain and a very low noise level. The  
power supply is internally regulated. 

00515A 

13510A 250A 

Specifications 

Radio frequency characteristics 

RF range: total range: 500 kHz to 250 MHz; number 
bands: 8; band ranges: 0.5 to 1 MHz, 1 to 2 MHz, 2 
to 4 MHz, 4 to 9 MHz, 9 to 21 MHz, 21 to 48 MHz, 
48 to 110 MHz, 110 to 250 MHz.  

RF accuracy: f 1 yc. 
RF calibration: increments of approximately 170. 

Resistance range: 15 to 100,000 ohms. 
Resistance measurement characteristics 

F 
Resistance accuracy: -t. 2 + - + - [ 200 5000 - 

k O . 2  ohm; F = frequency (MHz), R = RX Meter R, 
reading (ohm),  Q = ,,,CR x lo-’*, where C = RX 
Meter C, reading ( p F )  . 

Resistance calibration: increments of approximately 3% 
throughout most of range, 

Capacitance measurement characteristics 
Capacitance range: 0 to 20 PF (may be extended through 

use of auxiliary coils). 
Capacitance accuracy: &(0.5  + 0.5 Fz C x 10-j)  TO 

t 0 . 1 5  pF;  F = frequency (MHz), C = RX Meter C, 
reading ( p F ) .  

Capacitor calibration: 0.1 pF increments. 

Inductance measurement characteristics 
Inductance range: 0.001 @ to 100 mh (actual range de- 

pends upon frequency; auxiliary resistors employed). 
Inductance accuracy: basic accuracy is capacitance accuracy 

given above. 
Measurement voltage level 

RF: 0.05 to 0.75 V approx., depending upon frequency 
(may be reduced to 20 mV by installation of auxiliary 
potentiometer). 

DC: 0 V; (external dc current up to a 50 mA, may be 
passed through RX meter terminals). 

Accessories available: 005 15A Coax Adapter Kit (designed 
to permit connection to the RX meter bridge circuit of 
any coaxial transmission line or fixture fitted with a Type 
“N” male connector), $49.50; 13510A Transistor Test Jig 
(provides a convenient means for measuring Y param- 
eters Y,,,, Y,,,, and Y,,, of transistors on the RX meter 
over the frequency range of 500 kHz to 250 MHz),  $195. 

Dimensions: 20” wide, 103/”  high, 13y2” deep (508 x 

Weight: net 40 Ibs (18  k g ) ;  shipping 50 Ibs (22,5 kg) .  
Power: 105 to 125 volts or 210 to 250 volts, 50 to io00  

Physical characteristics 

264 x 343 m m ) .  

Hz, 60 watts. 
Price: HP 250A, $1795. 
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The  direct-reading expanded scale of the HP 260A Q 
Meter permits measurement of Q down to 10 and also 
permits reading of very small changes in Q resulting from 
the variation of the test parameter. 

The  Q meter was first designed and introduced as a means 
of measuring the  Q or “figure of merit” of coils. Improved 
models and broadened applications have kept pace with new 
measuring needs, and today the Q meter is recognized as a 
flexible general-purpose device with a large number of uses. 

Circuit technique 
The  Q meter consists of a self-contained, continuously 

variable, stable oscillator, whose controlled and measured 
output is applied in series with a series-tuned, resonant cir- 
cuit. A vacuum tube voltmeter with high input impedance is 
connected across the internal variable capacitor portion of 
the tuned circuit to measure the reactive voltage in terms of 
circuit Q. The  coil portion of the tuned circuit is connected 
externally and represents the unknown to be measured. By 
inserting low impedances in series with the coil or high im- 
pedances in parallel with the capacitor, the parameters of 
unknown circuits or components can be measured in terms 
of their effect on the circuit Q and resonant frequency, 

Usefulness, special features of the 260A 
The  260A is typical of these instruments, I t  is useful for 

direct reading of circuit Q on  its parallax-free meter. From 
such measurements, the distributed capacity, effective induc- 
tance and self-resonant frequency can be determined. O n  
capacitors, capacitance from 0.1 p F  to 100 pFand  Q from 
10 to 10,000 can be evaluated from measurements made 
with and without the component connected, Capacitor self- 
resonant frequency also can be determined, 

Effective rf resistance, inductance or capacitance, and Q 
of resistors also may be determined, and, used on IF and rf 
transformers, the 260A will measure effective impedance, 
Q, coefficient of coupling, mutual inductance and frequency 
response, The  Q meter also is useful for making measure- 
ments of dielectric constant and dissipation factor on  in- 
sulating materials. 

The  HP 260A utilizes a rugged thermocouple operating 
at half rated power; oscillator output is factory-adjusted 
to avoid overload. Both these features guard against acci- 
dental thermocouple overload. Through the use of an in- 
ternal regulating transformer and an electronically regulated 
power supply, the operation of the instrument is not affected 
by normal power line fluctuations. 

Teflon insulation has been provided for 260A terminals, 
providing mechanical stability and low electrical loss. The  
oscillator output is controlled by varying the screen grid 
voltage of the oscillator tube to obtain smooth operation, as 
well as good waveshape, A 0.02-ohm annular insertion 
resistor is used to improve 26OA accuracy. Provision is made 
for use of an external oscillator to supply the Q meter 
through a matching transformer ( H P  00564%) to provide 
operation below 50 kHz down to 1000 H t .  A scale also is 
provided to read inductance directly at selected frequencies. 

Specifications 
Radio frequency characteristics 

RF range: total range: 50 kHz to 50 MHz, 1 kHz to 50 kHz 
(with external oscillator) ; number bands: 8;  band ranges: 
50 to 120 kHz, 120 to 300 kHz, 300 to 700 kHz, 700 to 
1700 kHz, 1.7 to 4.2 MHz, 4.2 to 10 MHz, 10 to 23 MHz, 
2 3  to 50 MHz. 

RF accuracy: f2yG’,. 
RF calibration: increments of approximately 1%. 

Q range: total range: 10 to 625; low range: 10 to 60; 
A range: 0 to 50. 

Q accuracy: & 5 Y , ,  50 kHz to 30 MHz; %IO%, 30 MHz to 
50 MHz (for circuit Q of 250 read directly on indicating 
meter). 

Q calibration: main scale: increments of 5 from 40 to 250;  
low scale: increments of 1 from 10 to 60; A scale: incre- 
rnents of 1 from 0 to 50; XQ scale: increments of 0.1 
from 1 to 1.5 and increments of 0.5 from 1.5 to 2.5. 

L range: 0.09 fiH to 130 mH (effective inductance), direct 

L accuracy: & 3% (for resonating capacitance > 100 pF and 

Q measurement characteristics 

inductance measurement characteristics 

reading a t  six specific frequencies. 

inductance > 5 p H ) .  
Resonating capacitor characteristics 

Capacitor range: main: 30 to 460 pF; vernier: -3 to + 3 pF. 
Capacitor accuracy: main: &I% or 1 pF, whichever is 

greater; vernier: t 0 . 1  pF. 
Capacitor calibration: main: 1 pF increments 30 to 100 pF, 

5 pF increments 100 to 460 pF; vernier: 0.1 pF increments. 
Physical characteristics 

Mounting: sloping front cabinet, for bench use. 
Finish: gray wrinkle, engraved panel (other finishes avail- 

Dimensions: 2 1  X’’ wide, 11 %’’ high, 10” deep (540 x 298 x 

Weight: net 40 lbs (18 k g ) ;  shipping 55 Ibs (24,s kg).  
Power: 260A: 95 to 130 volts, 60 Hz, 65 watts; 260AP: 95 

to 130 volts, 50 Hz, 65 watts. 
Accessories available: 00103A Inductors, 00513/00518A *Q 

Standards, 00564A Coupling Unit. 
Price: HP 26OA,AP, $990. 

able on special order). 

254 mm) .  
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L-250 ph 

Q e  190 
Oi 183 

0.5 MHz 

Q METER ACCESSORIES 
Q standards, inductors, coupling transformer 

Models 00513A, 00518A, 00103A, 00564A 

Cd-8 pF 
1 MHz 1.5 MHz 

250 220 
234 200 

00513A Q Standards 

Middle-freq. data: 
Frequency 
Resonating C 
Indicated 0 

HP 00513A Q Standards are shielded reference inductors 
which have accurately measured and highly stable inductance 
and Q characteristics. Specifically designed for use with the 
l6OA and 260A Q Meters, the Q standards are particularly 
useful as a means for checking the overall operation and ac- 
curacy of these instruments, as well as for providing precisely 
known supplementary Q circuit inductance desirable for many 
impedance measurements by the parallel method. Price: HP 
00513A, $97 each. 

30 MHz 10 MHz 3 MHz 300 kHz 100 kHz 
100 pF 95 pF 105 pF 100 pF 85 pF 

235 235 225 180 130 

Nominal values for HP 513A 

High-freq. data: 
Frequency 
Resonating C 
Indicated 0 

00518A 

45 MHz 15 MHz 4.5 MHz 450 kHz 150 kHz 
40 pF 40 pF 45 pF 40 pF 35 pF 

225 205 230 135 125 

00103A Inductors 

The HP 00103A Inductors are designed specifically for use in 
the Q circuit of the 160A and 260A Q Meters, for measuring 
the rf characteristics of capacitors, insulating materials, re- 
sistors, etc. Price: HP 00103A, $17.75 each; HP 00127A, set 
of 16 inductors for 260A, $255; HP 00128A, set of 17 inductors 
for 16OA, $270. 

Specifications, 00103A 

Actual values of all these quantities are marked on the name plate of the 
Q standard. wi th  the uni t  in  the Q circuit  approximate resonant frequencies 
of 500, lob0 and 1500 kHz are obtained' with tuning capacitances of 400, 
100 and 50 pF, respectively. 

00518A Q Standards 

H P  00518A Q Standards, used in conjunction with the 
00513A Q Standards, provide frequency coverage from 50 kHz 
to 50 MHz-the entire range of the 260A Q Meter. These units 
are useful as precision inductors and as a fast, convenient means 
for checking the overall operating accuracy of Q meters. Price: 
H P  00518A, $97 each; H P  00538A, set of five 00518A and 
one 00513A, $525. 

Specifications, 00518A 

Low freq. data: 

170 

(Table shows nominal values) 

00564A Coupling Unit 
The 00564A Coupling Transformer Unit is designed to couple 

the output of an external oscillator into the l6OA or 260A Q 
Meter for the purpose of extending the operation range of the 
Q meter to the low-frequency region. By means of the coupling 
unit and an auxiliary oscillator, the Q meter may be operated 
down to a low-frequency limit of 1 kHz. The oscillator should 
supply a variable voltage of 22  volts maximum into an imped- 
ance of 500 ohms. Price: H P  00564A, $39.75. 
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190A Q Meter 
The H P  190A Q Meter finds applications similar to 

those described for the 260A Q Meter (page 252) ,  but in 
the vhf range of frequencies. This instrument does not have 
a thermocouple, but employs a special coupling impedance 
to introduce voltage across the series-tuned, resonant circuit. 
This voltage, as well as the reactive voltage developed across 
the internal Q capacitor, is measured by two high-impedance, 
low input capacitance vacuum tube voltmeters and indicated 
on a single front-panel parallax-free meter. 

Specifications, 190A 
Radio frequency characteristics 

RF range: total range: 20 to 260 MHz;  number bands: 4; 
band ranges: 20 to 40 MHz,  40 to 80 MHz,  80 to 160 
MHz,  160 to 260 MHz.  

RF accuracy: -+17c%. 
RF calibration: increments of approximately 1 %, 

Q measurement characteristics 

range: 0 to 100. 
Q range: total range: 5 to 1200; low range: 10  to 100; 

Q accuracy: k 7 7 h  20 to 100 MHz;  k15yc 100 to 260 
MHz (for  circuit Q of 400 read directly on indicating 
meter).  

Q calibration: main scale: increments of 10  from 50 to 
400; low scale: increments of 2 from 10 to 100; 
scale: increments of 2 from 0 to 100; XQ scale: in- 
crements of 0.1 from 0.5 to 1.5, increments of 0.5 
from 1.5 to 3. 

Resonating capacitor characteristics 
Capacitor range: 7.5 to 100 pF. 

Capacitor accuracy: +0.2 pF, 7.5 to 20 pF; 2 0 . 3  p F ,  
20 to 50pF;  i 0 . 5 p F ,  50 to 100pF.  

Capacitor calibration: 0.1 pF increments. 
Accessories available: 00590A Inductors. 
Physical characteristics 

Dimensions: 14%” wide, high, lol/,’’ deep (362 x 

Weight: net 2 5  lbs (11,3 k g ) ;  shipping 32 lbs (14 ,4  kg) .  
Power: 190A: 95 to 130 volts, 60 Hz, 55  watts; 190 AP:  

1 1 5 / 2 3 0  volts, 50 Ht, 55  watts. 
Price: H P  19oA,AP, $1075. 

257 X 267 m m ) .  

00590A Inductors 
HP 00590A Inductors are designed specifically for use in 

the Q Circuit of the 190A Q Meter for measuring the radio- 
frequency characteristics of capacitors, resistors, and insul- 
ating materials. They have general usefulness as reference 
coils and may be used for periodic checks to indicate any 
considerable change in the performance of the Q meters. 

Specifications, 00590A 

Price: HP 00590A, $17.75 each; HP 00591A, complete 
set of six $95. 

00590A 
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Impedance-matching a load to its 
source is one of the most important con- 
siderations in microwave transmission 
systems. If the load and source are mis- 
matched, part of the power is reflected 
back along the transmission line toward 
the source. This reflection not only pre- 
vents maximum power transfer, but also 
can be responsible for erroneous meas- 
urements of other parameters, or even 
cause circuit damage in high-power ap- 
plications. 

The power reflected from the load 
interferes with the incident (forward) 
power, causing standing waves of volt- 
age and current to exist along the line. 
The ratio of standing-wave maxima to 
minima is directly related to the imped- 
ance mismatch of the load. The stand- 
ing-wave ratio (swr),  therefore, provides 
a valuable means of determining imped- 
ance and mismatch. 

Slotted line measurements 
Standing-wave ratio can be measured 

directly using a slotted line. Until re- 
cently, slotted line measurements were 
limited to fixed frequencies in a setup 
similar to that illustrated in Figure 1. 

8616A 415E 
SIGNAL STANDING WAVE 

GENERATOR INDICATOR 

FILTER SLOTTED LINE DEVICE IN 
TEST 

I I 
Figure 1. Typical setup for swr and imped. 
ance measurements in coax using HP 805C 
Slotted Line. 

The slotted line is placed immediately 
ahead of the load in test, and the source 
is adjusted for 1 kHz amplitude modu- 
lation at the desired microwave fre- 
quency. The slotted line probe is loosely 
coupled to the RF field in the line, thus 
sensing relative amplitudes of the stand- 
ing-wave pattern as the probe is moved 
along the line. The ratio of maxima to 
minima (swr) is then read directly on 
the swr meter. 

While this method works very well for 
fixed-frequency testing, it is very cumber- 
some for broadband applications. The 
number of discrete measurements neces- 
sary to insure complete coverage across 
a frequency range is determined by the 
degree of confidence required that a sharp 
resonance or hole does not exist, and for 
a high confidence factor, the number of 
measurements must be very high. 

The solution to broad-band measure- 

ments is the swept-frequency technique. 
This method provides continuous cover- 
age across the frequency range of in- 
terest. Measurements of swr of coaxial 
devices operating below about 2 GHz 
and waveguide devices is accomplished 
with the reflectometer (see below). How- 
ever, the low directivity of coaxial di- 
rectional couplers operating above 2 GHz 
seriously limits accuracy in coax at these 
higher frequencies. 

The swept slotted line 
A new technique which combines the 

speed and convenience of swept-fre- 
quency measurements and the inherent 
accuracy of the slotted line is now avail- 
able. With the HP  448A Slotted Line 
Sweep Adapter, 816A Slotted Line, and 
809c Carriage, this technique can be used 
throughout the range from 1 .8 . to  18 
GHz (such a system is illustrated on 
page 264). The signal source is a sweep 
oscillator and the readout device is an 
oscilloscope. 

The measurement technique is much 
the same as for fixed-frequency measure- 
ments. A detecting probe is moved along 
the slotted line a distance of at least one 

Figure 2. Multi.sweep slotted-line measure- 
ment. Vertical scale 0.5 dB/cm(swr=1.12/cm). 

half wavelength at the lowest frequency 
so that both maximum and minimum 
voltages of the standing waves are 
sampled. However, instead of the plot 
being a single vertical line, which would 
be the case in a fixed-frequency measure- 
ment, it is a smear or envelope as shown 
in Figure 2 .  At any given frequency, the 
ratio of the maximum and minimum 
amplitude of the envelope is the swr. 

Measurement of low swr requires. 
sensitive readout devices to resolve the 
maxima and minima adequately. There- 
fore, the signal source must be leveled to 
keep the entire plot on scale. The 448A, 
comprising a slotted section and two 
matched detectors, effectively levels the 
sweeper output and monitors the stand- 
ing waves in the 816A Slotted Line. No 
additional probe is required for the 816A. 

A storage oscilloscope such as the H P  
141A is ideal for these measurements. 

The entire plot can be generated in a 
few seconds and retained on the CRT 
face for evaluation or photography. Time- 
exposure photography and a conventional 
oscilloscope such as the H P  140A can 
also be used. The H P  1416A Swept-Fre- 
quency Indicator, a plug-in for both the 
140A and 141A Oscilloscopes, provides 
additional convenience with its logarith- 
mic calibration. No zero-level reference 
is needed, and swr is indicated directly 
in dB when the detector is operated in 
its square-law region. An X-Y recorder 
such as the Moseley 7035A can also be 
used to plot swept swr measurements. 
The recorder can be driven by an H P  
415E SWR Meter, which not only pro- 
vides ample gain but permits direct cali- 
bration of the recorder. 

The 816A is equally well suited to 
fixed-frequency measurements. Using the 
447B Untuned Probe, frequencies from 
2.6 to 18 GHz are covered. The H P  415E 
SWR Meter, with its increased sensi- 
tivity due to low noise, is direct reading 
in swr. Slotted sections are also available 
in the standard waveguide frequency 
bands from 2.6 to 40 GHz. 

Accuracy of slotted-line measurements 
is limited primarily by the residual swr 
of the line itself, 1.01 in waveguide and 
1.02 to 1.06 in coax depending upon the 
frequency and type of connector. How- 
ever, there are other considerations. Pene- 
tration of the detector probe into the line 
should be kept to a minimum to prevent 
standing waves due to the probe itself. 
Elimination of harmonics from the signal 
source is also important. H P  360, 362, 
and 8430 filters are excellent for this pur- 
pose. 

Reflectometer techniques 
The reflection coefficient ( p )  of a de- 

vice or system is another useful term in 
establishing the impedance match of 
microwave devices. The following rela- 
tionships of p and swr are frequently 
used in impedance work: 

E r c f i e c t c d  S W T  - 1 
SR’T f 1 

- P=---’ I I E I I I C l d r . n t  

The amplitude of reflected voltage 
with respect to the incident voltage is 
given in terms of dB YetzlYn LOSS by the 
expression: dB = -20 loglo p.  For ex- 
ample, if the reflected signal from a test 
device is 26 dB below the incident signal 
level, the reflection coefficient of the de- 
vice is calculated as 0.05. In a like man- 
ner, any reflection coefficient from zero 
to one can be determined by a measure 
of the return loss. 

The reflection coefficient of a load can 
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SWR, REFLECTION 
COEFFICIENT MEASUREMENT 

be measured by separating the incident 
and reflected waves propagated in the 
transmission line connecting the source 
and load. The reflectometer uses direc- 
tional couplers to accomplish this sepa- 
ration in both waveguide and coaxial 
systems. Reflectometers permit continu- 
ous oscilloscope displays or permanent 
x-y recordings of reflection coefficient 
across complete operating bands. 

Incident power in the improved re- 
flectometer is held constant by the level- 
ing action of the sweep oscillator and 
crystal detector sampling the incident 
wave from the forward coupler. With 
incident power held constant, only the 
relative amplitude of the reflected wave 
need be measured to determine reflection 
coefficient. This technique permits better 
accuracy than older systems, and fast 
sweep speeds enabling the use of oscillo- 
scope displays. 

Reflectometer calibration 
To calibrate the reflectometer, a short 

circuit is placed at  the output port, 
thus reflecting all of the incident power. 
The detector in the reverse-arm coupler 
samples the reflected power and provides 
a proportional dc voltage for readout. 
By placing a calibrated attenuator ahead 
of the detector, specific amounts of re- 
turn loss may be pre-inserted for calibra- 
tion of the oscilloscope or recorder gain. 
The attenuator is then returned to zero, 
the short removed and the test device 
connected and measured on the pre-cali- 
brated display. 

Calibration also is possible without the 
pre-insertion attenuator if the detector 
law is known and the vertical response 
of the readout device constant. Calibra- 
tion levels with this technique are estab- 
lished with the rf turned off (correspond- 
ing to no reflection), then with all of the 
power reflected by a sliding short. Re- 
flections falling between these limits are 
then read from the oscilloscope graticule 
or directly from calibrated transparent 
overlays such as furnished with H P  Ap- 
plication Note 65. The HP 140A Oscil- 
loscope with its 1416A plug-in eliminates 
the need for overlays. With logarithmic 
calibration, the 140N1416A provides re- 
turn loss directly in dB. Complete in- 
structions are included in Application 
Note 65, available from any H P  Field 
Office upon request. 

Reflectometer calculator 
Time-consuming calculations of return 

loss and conversion of p to swr may be 
eliminated by using an H P  Reflectometer 

Calculator. This slide-rule-type aid pro- 
vides continuous scales of p, swr and re- 
turn loss, which may be positioned under 
a cursor for instant conversion of terms. 
Other useful information such as am- 
biguity in reflectometer measurements, 
mismatch loss and phase and amplitude 
mismatch errors are included on the 
calculator. I t  may be obtained from your 
H P  field engineer upon request. 

Reflectometer errors 
The overall measurement accuracy of 

leveled reflectometer systems such as de- 
scribed here may be closely approximated 
by considering the various sources of 
error separately, then taking the rms 
zverage. These errors may be classified 
as being due to imperfect components 
comprising the reflectometer as follows: 

I directional couplers 
2 )  detectors 
3) attenuator used in calibration 
4 )  display or readout instrument 

One of the primary errors introduced by 
directional couplers is the directivity sig- 
nal. Directivity of a coupler refers to its 
ability to distinguish between forward 
and reverse power flowing in the main 
arm. Since reflectometry is based on the 
separation of incident and reflected 
power by use of the directional couplers, 
high directivity is essential to accurate 
measurements. Any incident power pass- 
ing to the reverse coupler auxiliary out- 
put (because of imperfect directivity) 
will add in unknown phsse with the 
actual reper t ed  signal from the load in 
test. The result is an ambiguity in the 
voltage level a t  the reverse coupler out- 
put. The ambiguity caused by reverse 
coupler directivity can be determined in 
terms of reflection coefficient by substi- 
tuting the directivity (in dB)  into the 
return loss equation given earlier. Thus, 
for a reverse coupler directivity of 40 dB, 
the ambiguity in p is &0.01. For 20 dB 
directivity, ambiguity is 2 0 . 1 ,  etc. The 
ambiguity caused by the ,forzc,nvd coupler 
directivity also must be considered, par- 
ticularly when measuring large reflec- 
tions. If directivity is not infinite, part of 
the signal reflected from the test load will 
appear at the auxiliary arm output of 
the forward coupler. This directivity sig- 
nal adds vectorially with the incident 
signal, producing an ambiguity in the 
incident power level. The ambiguity is 
proportional to the magnitude of load 
reflection and forward coupler directivity 
and may be calculated as follows: 

where dB = coupler directivity 
p = reflection coefficient 

of test load. 
Primary factors to be considered in 

the detectors are frequency response, de- 
viation from square law and mismatch. 
Using hp  423A or 424A Crystal Detec- 
tors, frequency response is typically flat 
to within t 0 . 2  dB per octave and devia- 
tion from square law less than t 0 . 2  dB 
over a 20 dB dynamic range. These two 
errors can be evaluated in terms of re- 
flection coefficient ambiguity by alter- 
nately adding and subtracting the dB  
values to the return loss actually meas- 
ured. The errors caused by these two 
factors can be eliminated by using the 
pre-insertion attenuator for initial system 
calibration. Error due to mismatch be- 
tween HP 752 Waveguide Couplers and 
424A Detectors is typically less than 
~ 3 %  of the p measured. This includes 
the total effects of detector mismatch in 
the incident coupler used for leveling 
feedback and the reverse arm measuring 
reflected voltage from the load. 

The use of a pre-insertion attenuator 
for calibration eliminates some detector 
errors but introduces error of its own. 
The dial accuracy of the attenuator and 
mismatch considerations lead to the fol- 
lowing expression for the error intro- 
duced in the measured reflection coeffi- 
cient: 

Ap = p ( 1  - p z o  0 2  t o . 0 1 5 )  
where p = reflection coefficient of 

the test load. 
When the attenuator is not used for 

calibration, the readout or display device 
causes error in the measured p.  The ef- 
fects of non-linearity, instability and reso- 
lution are factors which must be con- 
sidered. When using HP 130c or 140A 
Oscilloscopes for measuring small ratios 
(z 1 ) , accuracies of 2 %  are reasonable. 
Ratios of 30 dB ( p  0.03) can be de- 
termined with about 4% accuracy. 

The total effects of these errors can 
be conservatively estimated as follows 
using the H P  equipment mentioned: 

1. Using the 382A attenuator pre-in- 
sertion technique, Ap = * (0.01 4- 
0.05 p ) .  

2 .  Using the straightforward oscillo- 
scope technique, Ap = i. (0.011 f 
0.04 p ) .  

A more complete discussion and error 
analysis of reflectometer systems is in- 
cluded in HP Application Note 65, 
“Swept Frequency Techniques.” 
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SWR METER 
Reduced noise for greater usable range 

Model 415E 

T h e  Hewlett-Packard Model 415E SWR Meter is a low- 
noise tuned amplifier-voltmeter calibrated in dB and swr 
for use with square-law detectors. It is an extremely useful 
and versatile instrument, measuring swr, attenuation, gain, 
or any other parameter determined by the ratio of two 
signal levels. The  standard tuned frequency is 1000 Hz 
and is adjustable over a range of about 7% for exact 
matching to the source modulation frequency. Amplifier 
bandwidth is also adjustable, from 1 5  to 130 Hz. The  nar- 
row bandwidth facilitates single-frequency measurements by 
reducing noise, while the widest setting accommodates a 
sweep rate fast enough for oscilloscope presentation. 

The  415E has a very low noise figure, less than 4 dB. 
This represents a 6 to 10 dB improvement over other swr 
meters. Equally significant is the fact that the noise figure 
has been optimized for source impedances presented by de- 
tectors most often used with swr meters. As a result the 
41 5E has greater measurement range because the reduction 
in noise permits the measurement of lower-level signals for 
a given signal-to-noise ratio. 

A precision 60-dB attenuator with an accuracy of 0.05 
dB/10 dB assures high accuracy in attenuation measure- 
ments. In addition, an expand-offset feature allows any 2- 
dB range to be expanded to full scale for maximum resolu- 
tion. Linearity on the expanded ranges is kO.02  dB, per- 
mitting full utilization of the increased resolution; high 
accuracy is possible on the normal scales as well, for linearity 
is limited only by meter resolution, The meter itself has 
individually calibrated, mirror-backed scales plus a rugged 
taut-band movement for full realization of the inherently 
high accuracy, resolution, and linearity of the instrument. 

The  Model 415E operates with either crystal or bolo- 
meter detectors. Both high- and low- impedance inputs are 
available for crystal detectors, optimum crystal source im- 
pedances being 50 to 200 and 2500 to 10,000 ohms re- 
spectively. For operation with bolometers, the 41 5E provides 
precise bias currents of 4.5 and 8.7 mA into 200 ohms, as 
selected at the front panel, This bias is peak limited for 
positive bolometer protection, 

Both ac and dc outputs are provided for use of the 415E 
as a high-gain tuned amplifier and with recorders. The  
solid-state 41 > E  can be operated with an internally mounted 
battery pack (optional extra) for completely portable use 
or to eliminate ground loops. 

Specifications 
Sensitivity: 0.15 p,V rms for full-scale deflection at maximum 

bandwidth ( 1  p,V rms on high impedance crystal input ) .  
Noise: at least 7.5 dB below full scale at rated sensitivity 

and 130 Hz bandwidth with input terminated in 100 or 
5000 R; noise figure less than 4 dB. 

Range: 70 dB in 10- and 2-dB steps. 
Accuracy: t 0 . 0 5  dB/lO-dB steps; maximum cumulative 

error between any two lo -dB steps, t O . 1 0  dB; maximum 
cumulative error between any two 2-dB steps, k 0 . 0 5  dB; 
linearity, t 0 . 0 2  dB on expand scales, determined by in- 
herent meter resolution on normal scales. 

Input: unbiased low and high impedance crystal (50-200 
and 2500-10,000 R optimum source impedance respec- 
tively for low noise); biased crystal ( 1  V into 1 k n ) ;  
low and high current bolometer (4 .5  and 8.7 mA & 3 %  
into 200 n), positive bolometer protection; input con- 
nector, BNC female. 

Input frequency: 1000 H t  adjustable 7%;  other frequencies 
between 400 and 2500 Hz available on special order. 

Bandwidth: variable, 15-130 Hz; typically less than 0.5 dB 
change in gain from minimum to maximum bandwidth. 

Recorder output: 0-1 V dc into an open circuit from 1000 0 
source impedance for ungrounded recorders; output con- 
nector, BNC female. 

Amplifier output: 0-0.3 V rms ( N o r m ) ,  0-0.8 V rms (Ex- 
pand)  into at least 10,000 R for ungrounded equipment; 
output connector, dual banana jacks. 

Meter scales: calibrated for square-law detectors; SWR: 1-4, 
3.2-10 ( N o r m ) ;  1-1.25 (Expand) .  dB: 0-10 ( N o r m ) ;  
0-2.0 (Expand) ; battery: charge state. 

Meter movement: taut-band suspension, individually cali- 
brated mirror-backed scales; expanded dB and swr scales 
greater than 4% in. (108 m m )  long. 

RFI: conducted and radiated leakage limits are below those 
specified in MIL-I-6181D. 

Power: 115-230 V + l o % ,  50-400 Hz, 1 W; optional re- 
chargeable battery provides up to 36 hr  continuous oper- 
ation. 

Dimensions: 72% in, wide, 6362 in. high, 11 in. deep from 
panel (190 x 155  x 279 m m ) ,  

Weight: net, 7v8 lb (3,5 k g ) ,  97/8 Ib (4 ,4  kg)  with battery; 
shipping, 11 Ib ( 5  kg) ,  13  lb (6 ,3  kg)  with battery. 

Accessory available: 11057A Handle, fits across top of in- 
strument for carrying convenience, $5. 

Combining cases: 1051A, 11% in. (286 m m )  deep, $110; 
1052A, 16% in. (416 m m )  deep, $120. 

Price: HP Model 415E, $350. 
Options: 01. rechargeable battery installed, add $100; 02. 

rear-panel input connector in parallel with front-panel 
connector, add $15. 
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H48562 

X48562 

SWR INDICATOR; MOUNTS 
For convenient swr measurements 
Models 415B; 476A, 485B 

7.05 - 10 1.25 1% xs/s WR112 6% 162 $100 

8.2 - 12.4 1.25 I x %  WR90 6-7/16 163 $ 75 

476A 
~~ 

415B Standing Wave Indicator 

Similar to the H P  415E, this meter is a tuned voltmeter 
for swr measurements with H P  slotted lines and detector 
mounts. I t  also is useful as a null indicator for bridge 
measurements, with a 200 kn input circuit for this use. 

A 60 dB attenuator adjustable in 10  dB range steps pro- 
vides a calibrated range of 70 dB. An output is provided 
for use with a recording milliammeter, and a special 5 dB 
attenuator is incorporated to increase resolution through use 
of the upper portion of the logarithmic meter scale. 

Inputs include a 200-ohm termination with bias of 4 .3  
or 8.7 mA for bolometers, unbiased for crystals, or a 200 kn 
load for null measurements. A jack and monitor cable are 
provided for connecting an external milliammeter to measure 
bolometer current. 

Specifications, 4 15B 

Input: “Bolo” (200 ohms),  bias provided for 8.7 or 4.3 mA boloni- 
eter or 1/100 amp fuse; “Crystal” (200 ohms) for crystal rectifier; 
“Crystal” (200 k n )  high impedance for crystal rectifier as null de- 
tector; BNC connector. 

Sensitivity: 0.1 pvolt at 200 ohms for full-scale deflection. 
Noise: at least 5 dB below, full scale when operated from 20O-ohni 

resistor at room temperature. 
Frequency: 1000 Hz * 2 % ;  other frequencies, 315 to 2020 Hz. 

available on special order; should not be harmonically related to 
power line frequency. 

Bandwidth: 30 Hz (nominal).  

Range: 70 d B ;  input attenuator provides 60 dB in 10 dB steps, ac- 
curacy k O . 1  dB per 10 dB step; maximum accumulative error, * 0.2 dB. 

Scale selector: “Normal”, “Expand” and ” - 5 dB”. 
Output: jack provided for recording milliammeter having 1 mA full- 

Meter scales: swr 1 to 4, swr 3 to 10, expanded swr 1 to 1 . 3 ;  dB 0 

Power: 115 or 230 volts & l o % ,  50 to 60 Hz, 5 5  watts. 
Dimensions: cabinet: 71/“ wide, 113/4’’ high, 12%” deep (191 x 

299 x 318 mm) ; rack mount: 19” wide, 6-31/32“ high, 10%” 
deep behind front panel (483 x 177 x 276 m m ) .  

Weight: net 1 3  Ibs (5,9 k g ) ,  shipping 15  lbs (6,8 kg)  (cabinet) ;  
net 17 Ibs (7,7 kg) ,  shipping 27 Ibs (12,2 kg) ( r ackmoun t ) .  

Accessories available: plug-in filters (specify frequency) : 415B- 
42B (315 to 699 Hz), $60, and 415B-42C (700 to 2000 Hz), 
$50; lO5OlA Cable Assembly, $3.50; 10503A Cable Assembly, 
$6.50. 

Price: HP 415B, $275 (cabinet) ; HP 415BR, $280 (rack mount) .  

scale deflection and internal resistance of 1500 ohms or less. 

to 10, expanded dB 0 to 2 .  

476A Bolometer Mount 
Model 476A Bolometer Mount covers the 10 MHz to 1 

GHz frequency range with very low standing wave ratio. The  
inherently good square law characteristics of the bolometers 
used make the 476A especially useful for calibrating at- 
tenuators when used with an H P  41 5 Series Meter. 

Specifications, 476A 
Nominal impedance: 50 ohms. 
Reflection coefficient: 50 to 500 MHz, 50 .07  (1.15 swr, 23.1 dB 

return loss) ;  2 5  to 1000 MHz, < O . l l  (1.25 swr, 19.1 dB return 
loss) ;  10 to 2 5  MHz, 5 0 . 2  (1.5 swr, 14 dB return loss) .  

Maximum power level: i o  mW.  
Bolometer element: four 8.25 mA instrument fuses (supplied with 

mount) ; operating level is approximately 200 ohms, positive tem- 
perature coefficient. 

Replacement elements: Part #2110-0024, $1 each. 
Weight: net 1 Ib (0,5 kg) ; shipping 2 Ibs (0,9 kg). 
Price: HP 476A, $85. 

485B Detector Mounts 
The H P  485B Detector Mounts (5 .3  to 12.4 G H z )  per- 

mit the accurate matching of waveguide sections to a bolom- 
eter element, T h e  mounts are tuned by a variable short, and 
they can be used with a barretter or, where swr is not critical, 
with a silicon crystal. 

Specifications, 485B 

Fits waveguide 
Length 
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RATIO METER 
Simplified reflection coefficient measurements 

Model 416B 

I 

Advantages: 
Eliminates amplitude-variation error 
Operates accurately over 20 /1  incident power range 

Reflection coefficient measurements over broad 
Use: 

frequency range, independent of rf power level 

T h e  H P  416B is designed for use with unleveled sweep 
oscillators and signal sources in the measurement of reflec- 

Crystal 

pendent of incident power variations as high as 20:1. Either 
swept- or fixed-frequency measurements can be made using 
the Model 416B, and a high-impedance output on the rear 
of the instrument permits swept-frequency measurements to 
be presented on an oscilloscope or preserved on a graphic 
recorder, The  panel meter is calibrated in percent reflection 
and equivalent swr. 

The 416B operates with either crystals or bolometers, 
and a panel switch permits selection of 4.3 or 8.7 mA bias 

Bolometer 

v 

tion coefficient. T h e  ratio meter provides valid results inde- for bolometers, Positive bolometer protection is provided. 

Incident channel 
Reflected channel 1 3 pv to 100 mV rms I 0.3 pV to 10 mV rms I 

Input impedance (both channels): crystal, approximately 75 
k n ;  bolometer, approximately 500 ohms (High  Bolo) or 
1000 ohms (Low Bolo).  

3 to 100 mV rms 0.3 to 10 mV rms 

Excess incident attenuation: provision for 10 dB increase of 
incident channel sensitivity for reflectometers using COU- 

plers with different coefficients; under certain circum- 
stances, accuracies can be improved by this procedure. 

Open circuit voltage: approx. 10 V dc at full scale. 
Source impedance: 100 kn; BNC type connector. 

Bolo bias: high range, 8.7 mA;  low range, 4.3 mA;  bias vari- 
able approximately 10% by means of rear-panel control; 
positive bolometer protection. 

RF power monitor: level indicator monitors input amplitude 
(and frequency, indirectly) to assure proper operating 
range for the instrument and for crystal detectors. 

output 

Power: 115 or 230 volts &lo%,  50 to 60 Hz, 115 watts. 
Dimensions: cabinet: 20%” wide, 12%’’ high, 14v8” deep 

(527 x 3 2 4 x  378 m m ) ;  rack mount: 19” wide, 10%’’ 
high, 14” deep behind panel (483 x 267 x 356 mm).  

Weight: net 34 lbs (15,3 kg), shipping 45 lbs (20,3 kg) 
(cabinet); net 28  lbs (12,6 kg ) ,  shipping 41 lbs (18,5 
kg) (rack mount) ,  

Accessories available: 10503A Cable Assembly, $6.50; 
1lOOlA Cable Assembly, $5.50. 

Price: H P  416B, $590 (cabinet); HP 416BR, $575 (rack 
mount ) ,  
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805C Slotted Line, 500-4000 MHz 
Model 805C is a coaxial slotted line with an integral probe 

circuit tunable from 500 to 4,000 MHz.  T h e  slotted line 
consists of two parallel planes and a rigid center connector. 
This configuration results in negligible slot radiation, mini- 
mum sensitivity to variation in probe depth or centering, and 
greater structural stability, 

Specifications, 805C 
Frequency range: 500 to 4,000 MHz;  minimum frequency 

determined by usable length of 14y2 in. (368 m m ) .  
Impedance: 5 0 R ;  1.04 swr. 
Connectors: Type N, one male, one female; either end may 

be connected to the load. 
Calibration: metric, cm and mm; vernier reads to 0.1 mm. 
Detector probe: tunable; element may be 1N2 1B Crystal 

(supplied) or 821 Series Barretter or selected 1/100- 
amp instrument fuse. 

Accessories furnished: 11511A female short; 11512A male 
short. 

Price: H P  805C, $550. 

816A Coaxial Slotted Section , 1.8-18 GHz 
The 816A enables you to make swept-frequency slotted 

line measurements from 1.8 to 18 GHz  in coaxial systems 
( H P  448A is required; see below). High accuracy is assured 
with the low residual swr of the 816A. Thus, you can take 
advantage of the complete coverage offered by the swept- 
frequency technique, Fixed-frequency measurements from 
2.6 to 18  GHz can also be made using H P  447B Probe (see 
below), With its broad frequency range, the S l 6 A  covers 
the extremely important X-band (8.2 to 12.4 G H z ) .  In 
addition, it extends the range of coaxial slotted line measure- 
ments through P-band (12.4 to 18 G H t ) ,  where there is an 
increasing use of coaxial devices. 

Model 816A consists of two parallel planes and a rigid 
center conductor. This configuration virtually eliminates slot 
radiation and minimizes the effect of variation in probe pene- 
tration and centering. It also provides greater mechanical 
stability. The  816A is fitted with one APC-7 and one Type N 
female connector. O n  an optional basis, the APC-7 can be 
replaced with a Type N male connector, or both connectors 
can be APC-7’s. Other combinations are available on special 
order. 

Specifications, 81 6A 
Carriage: fits H P  8 0 9 c  Carriage. 
Frequency range: 1.8 to 18 GHz  (depends upon probe).  
Impedance: 50R %0.2R. 
Connectors: one APC-7, one Type N female; either end can 

be connected to the load; shorting connectors furnished 
for load phase angle determination. 

SWR: APC-7connector 1.02 to 8 GHz,  1.03 to 12.4 GHz,  
1.04 to 18 G H z ;  Type N female connector: 1.03 to 8 
GHz,  1.04 to 12.4 GHz,  1.06 to 18  GHz. 

Slope and irregularities: 0.1 dB maximum, 
Length: 9% in. (248 m m ) .  

Weight: net 1% Ibs (0 ,6  kg); shipping 3 lbs (1 ,4  kg). 
Accessories furnished: 11 5 12A Type N male short; 11 565A 

Price: H P  816A, $250. 
Option 11: both connectors APC-7, add $25.  
Option 22: Type N male connector in lieu of APC-7, less $15. 

448A Slotted Line Sweep Adapter , 1.8-18 GHz 
T h e  H P  448A permits accurate swept-frequency swr mea- 

surements in coax from 1.8 to 18  GHz with the 816A Slotted 
Section. (See pages 255, 256 for a discussion of swept- 
frequency slotted line measurement techniques.) The  448A 
includes a short slotted section and two matched detectors 
with adjustable probes. One detector fits in the slotted sec- 
tion of the 448A, and its output levels the signal source, a 
sweep oscillator such as the H P  8690A. T h e  other detector 
monitors the standing waves in the H P  816A Slotted Section. 

Specifications, 448A 
Frequency range: 1.8 to 18 GHz.  
Equipment supplied: one fixed slotted section, one pair of 

Connectors: slotted section, Type N, one male, one female; 

Slotted section: H P  816A mounted in H P  8 0 9 c  Carriage. 
Weight: net 14  ot (0,39 k g ) ;  shipping 2 Ibs (0,9 k g ) .  
Price: H P  448A3, $400. 

APC-7 short. 

matched detectors with adjustable probes. 

detectors, BNC female. 

810B, 815B Slotted Sections , 3 . 9 5 - 4 0  GHz 
The 810B Waveguide Slotted Sections also are designed 

for use with the 809C Carriage. Each is a precision-manu- 
factured section of waveguide in which a small longitudinal 
slot is cut. A traveling probe on the 809C Carriage samples 
the waveguide’s electric field along the slot and permits 
precise plotting of variations along the entire length of probe 
travel. Ends of the slots are tapered to reduce swr to less than 
1.01. The  waveguide sections are broached and checked with 
precision gauges for careful control of guide wavelength. 
Broaching is essentially a linear cutting stroke which elimi- 
nates even the minor surface irregularities inherent with 
milling cutters, Six waveguide sizes are available. 

The  815B Waveguide Slotted Sections are designed to fit 
the 814B Carriage. Like the lower-frequency slotted sections, 
each 81 5B is precision-manufactured, broached and checked 
with precision gauges for careful control of guide wave- 
length. The  slot is tapered to insure a low swr. 

Specifications, 810B 

Carriage: fits 8 0 9 c  Carriage. 
Length of all sections: 101/4” (260 m m ) .  
Slope and irregularities: slot discontinuity results in swr 

< l . O l .  
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Frequency range (GHz): 
Residual swr: 
Eauivalent flame:* 

Specifications, 815B 
HP K815B H P  RE1 58 

18 to 26.5 26.5 to 40 
1.01 1.01 

UG595/U UG599/U 
Fiis waveguide-size: 

Overall length: 
Price: 

J 

(in.) 1/2 x 1/4 
(El A) WR42 WR28 
7-9/16” (192 mm) 

$350 $400 

0.360 x 0.220 

7-9/16” (192 mm) 

809C, 814B Carriages 
Model 809C Carriage is a precision mechanical assembly 

which operates with five HP 810B Waveguide Slotted Sec- 
tions (3.95 to 18 G H z )  and with HP 816A Coaxial Slotted 
Section (1.8 to 18 G H z )  , The  carriage eliminates the cost of 
a probe carriage for  each frequency band. Sections can be 
interchanged in seconds. The  809C is designed for use with 
the HP 444A or 447B Untuned Probe, the HP 442B Broad- 
band Probe, or 448A Slotted Line Sweep Adapter. The  car- 
riage has a centimeter scale with a vernier reading to 0.1 
mm, and provision also is made for mounting a dial gauge 
if more accurate probe position readings are required. 
Price: HP 809C, $200. 

The HP 814B Carriage, also a precision assembly, is de- 
signed for  use with the HP K and R815B Waveguide Slotted 
Sections ( 1 8  to 40 GHz) and HP 446B Untuned Probe. 
The  carriage is equipped with a dial indicator for accurate 
reading. Slotted sections are easily interchanged. 
Price: HP 814B, $225. 

440A Detector Mount 
The  H P  4 4 0 A  is a tunable, easy-to-use instrument for de- 

tecting rf energy in coaxial systems (2 .4  to 12.4 G H z )  or, 
in conjunction with the HP 442B, in waveguide or coaxial 
slotted sections. Just one adjustment is required for tuning. 
Crystals or bolometers may be used interchangeably in the 

same holder. A built-in rf bypass is provided, The  detector 
(not supplied) can be a I N 2 1  or 1N23 Crystal or 821 

Series Barretter. Input connector is Type N male; detector 
output BNC female. Price: HP 440A,  $85.  

442B, 444A, 446B,  447B Probes 
Model 442B is a probe whose depth of penetration into 

a slotted section is variable. Held in position by friction, it 
may be fixed in place by a locking ring. Sampled rf appears 
at a Type N jack, permitting direct connection to a receiver, 
spectrum analyzer or other instrument. I t  can be connected 
to a 440A Detector Mount to form a sensitive and con- 
venient tuned rf detector for slotted waveguide sections. The  
442B fits the 809C Carriage. Price: HP 442B, 350. 

The 444A Untuned Probe consists of a crystal, plus a 
small antenna in a convenient housing. The  probe is held in 
position by friction or may be fixed by a locking ring. No 
tuning is required, and sensitivity equals or exceeds many 
elaborate single- and double-tuned probes. The  444A fits the 
809c  Carriage or other carriages with a 3/4” ( 1 9  mm) 
mounting hole. Frequency range is 2.6 to 18 GHz.  Price: 
H P  444A,  $ 5 j .  

The HP 446B is a broadband detector and probe which 
consists of a modified 1N53 silicon diode in a carefully de- 
signed shielded housing. No tuning is required, and probe 
penetration may be varied quickly and easily. Designed for 
use with the 814B Carriage, the 446B has a frequency range 
of 18 to 40 GHz.  Price: H P  446B, $145. 

Model 447B consists of a crystal diode detector plus a 
small antenna probe for sampling energy in coaxial and 
wave guide slotted sections. The  Untuned Probe is extremely 
sensitive over its entire frequency range of 2.6 to 18 GHz.  
Such performance is achieved through the use of a unique 
crystal diode package developed by Hewlett-Packard. Wi th  
its broad frequency range and high sensitivity, the 
447B is ideal for use with H P  816A Coaxial Slotted Sec- 
tion. The  Untuned Probe fits H P  809c Carriage or other 
carriages with a 3/” (19 , l  mm) mounting hole, Price: 
HP 44,7B, $125. 
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A BROAD LINE OF COAXIAL, 
WAVEGUIDE 

COAXIAL, WAVEGUIDE 
INSTRUMENTATION 

Coaxial instrumentation 
Hewlett-Packard offers a line of coaxial 

accessories for measurement of swr, at- 
tenuation, noise figure, frequency, and 
other microwave measurements from dc 
to 18 GHz. Included in the product line 
are single and dual directional couplers, 
thermistor mounts for power meters, fre- 
quency meters, slotted lines, pads, loads, 
filters, and other devices useful in micro- 
wave measurements. 

Couplers 
Fla t  f requency response couplers ,  

Models 796D-798C, are offered with high 
directivity for minimizing errors in swept 
swr reflectometry systems. Flat couplers 
are also very useful for leveling sweep 
oscillators. Also, they can be used to 
monitor power out of signal sources. The 
flat frequency response allows the cou- 
pler to extend the power range of power 
meters over broad frequency bands. 
Dual-directional couplers, Models 774D- 
777D, are available from 215 MHz to 
3000 MHz. Model 778D is a new wide- 
band coupler covering the frequency 
range from 100 MHz to 2000 MHz. It is 
useful in applications for testing coaxial 
devices, where the frequency range is 
usually much greater than an octave. 
Directivity of this coupler exceeds 40 
dB to 1000 MHt,  34 dB to 2000 MHz. 

Detectors 
For detection of signals, 423A and 

84704 Crystal Detectors, with flat fre- 
quency response from 10 MHz to 12.4 
and 18 GHz respectively, offer the opti- 
mum in detectors for swept swr and at- 
tenuation measurements. These detectors 
are ideal for sweep oscillator leveling 
applications because of their very flat 
frequency response. Also, the flat fre- 
quency response of the individual detec- 
tors eliminates the need for matched pairs 
of detectors in most applications. How- 
ever, selected pairs can be provided with 
extremely well matched frequency re- 
sponse characteristics if required. 

Thermistor mount 
Hewlett-Packard Model 478A is a 

temperature  compensated thermistor 
mount used with the H P  431B and 431C 
Power Meters over the frequency range 
10 MHz to 18 GHz. Each mount is cali- 
brated for rf efficiency at several points 
over the band so that power measure- 
ments can be made with the utmost ac- 
curacy. In addition, each mount is swept 
tested over critical parts of the band to 

insure that its rf efficiency does not con- 
tain “holes” or resonances over the in- 
striiment’s bandwidth. A swept frequency 
test is also made of swr so that mismatch 
ambiguities can be also kept to a mini- 
mum. 

Frequency meters 
Two coaxial frequency meters, Models 

536A and 537A, covering the range from 
0.96 to 12.4 GHz allow quick and con- 
venient measurement of frequency by the 
use of the resonant cavity technique. The 
wavemeter is inserted in the line and 
tuned until a drop in power is indicated 
on a detector. The frequency is read di- 
rectly on a highly visible spiral scale on 
the wavemeter. 

Slotted lines 
Slotted lines covering the frequency 

range from 500 MHz to 4 GHz and 2 
GHz to 18 GHz (Models 805c and 
816A) are available for swr measure- 
ments. Residual swr is low for highest ac- 
curacy. SWR meters, probes, detectors, 
complete the swr measurement setup. 

Slotted Line Sweep Adapter Model 
448A is available for measurements of 
swr by a swept frequency technique using 
the 816A Slotted Line. This method pre- 
sents data of swr versus frequency di- 
rectly on an oscilloscope. High accuracy 
is inherent from the low residual swr of 
the slotted line. Swept-frequency slotted 
line measurements are discussed in detail 
in Application Note 84. This note is 
available from any H P  Field Office upon 
request. 

Attenuators 
A deposited resistive thin-film tech- 

nique pioneered at Hewlett-Packard is 
the heart of new wideband flat frequency 
response pads and attenuators. (Models 
8491A,B and 84921%) These components 
cover the frequency range from dc up to 
18 GHz. They have excellent frequency 
response and swr characteristics over this 
band. Simplified construction techniques 
and swept frequency testing over this 
wide range reduces cost so that these 
precision, quality pads can be provided 
at a low price. 

A full line of these pads is available- 
3, 6, 10, and 20 dB pads. Higher attenua- 
tion values are also available. 

These pads are also available with a 
new APC-7” connector. These are sexless 
connectors that have an unambiguous 
mating plane. The sexless connector re- 
duces wear and eliminates the need for 
male and female adapters. These con- 

nectors have low swr up to a frequency 
of 18 GHz. 

In addition to fixed attenuator pads, 
a turret attenuator (Model 354A) pro- 
viding values of 0 to 60 dB in 10 dB 
steps is available. It is extremely valuable 
in multi-octave tests in measurements 
which would otherwise require two or 
more attenuators. It’s also very well 
suited as an input attenuator for reducing 
signal drive to mixers or detectors. It 
operates with a simple knob rotation, i.e., 
no pull-turn-push sequence is required. 
These and other coaxial devices are tabu- 
lated on pages 264 and 265. Frequency 
range is indicated for each device, and 
the page on which each item is fullv 
described is included 

F i g u r e  1 .  A m p h e n o l  APC.7 p r e c i s i o n  7-mm 
c o a x i a l  connector .  

Waveguide instrumentation 
A full line of waveguide instruments 

is offered by Hewlett-Packard for the 
measurement of impedance, swr, attenua- 
tion, noise figure, power, and many other 
microwave measurements. In addition, 
H P  offers components such as waveguide 
to coax adapters, moving loads and 
shorts, tuners, low power terminations, 
etc. These instruments are tabulated by 
frequency band on the following pages 
for quick and easy reference. This in- 
strumentation is offered over eight wave- 
guide frequency bands between 2.6 and 
40 GHz. Typical operating instrumenta- 
tion setups are shown in the following 
pages. In general, the setup shown for 
one band can be duplicated in other 
bands. 
*Amphenol Precision Connector-7 mm, manufac- 
tured by Amphenol R F  Division, a division of Am- 
phenol Corporation, Danbury, Conn. 
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HP 

Construction 

Many of the waveguide instruments 
are aluminum die cast to take advantage 
of the dimensional stability and produc- 
tion uniformity that this technique pro- 
vides. An aluminum die cast allows the 
use of a broaching technique for cutting 
the internal waveguide dimensions. A 
broach is a long cutting bar with teeth 
all around it that is pulled through the 
casting to cut the surface. The linear 
cutting stroke of the broach eliminates 
even the minor surface irregularities in- 
herent with milling cutters. Whereas, 
typical tolerances of internal waveguide 
tubing is 2 . 0 0 3  inches, precision broach- 
ing allows internal dimensions to be con- 
trolled to f . O O 1  inches or less. 

The broaching process is very impor- 
tant for instruments such as slotted lines, 
high directivity directional couplers, slid- 
ing loads, and sliding shorts. Small tol- 
erances on internal waveguide dimensions 
provide low swr in order that maximum 
accuracy can be obtained from a wave- 
guide measuring setup. 

Designations Dimensions T E i  o operating range Freespace Theoretical Theoretical pk 
wavelength attenuation power rating 

Nominal Frequency Wavelength Cutoff freq. dB/lOO ft. megawatts 
EIA JAN OD (inches) ( G W  (cm) ( O W  (om) low to high freq. low to high freq. 

Flanges 
Each ff ange on a waveguide instrument 

is machine lapped after an initial sand- 
ing belt preparation of the surface. This 
lapping process, in addition to providing 
a very smooth surface to obtain the best 
possible mating of two pieces, provides 
a slightly convex surface so that only the 
innermost area of the mating flanges 
makes contact. Thus, the tightest possible 
connection is made between waveguide 
instruments so that leakage is kept as 
low as possible. 

Full band testing 
Quality is insured when you have 

H P  waveguide instrumentation. Compre- 
hensive tests are made to insure con- 
formance to the published specifications 

over the complete frequency range. The 
concept of full band testing, pioneered 
by Hewlett-Packard, makes maximum 
use of swept-frequency techniques. As 

Figure 2. Precise lapping of waveguide 
flanges insures proper mating. 

contrasted with spot frequency testing, 
a full-band swept test gives a complete 
record which is continuous over the en- 
tire range of the instrument. 

Most Hewlett-Packard waveguide in- 
struments are full band tested to elimi- 
nate the possibility of any instrument 
being shipped that does not meet its pub- 
lished specifications over the complete 
frequency range. The reflectometry con- 
cept for swr testing is used almost ex- 
clusively at HP for waveguide swr tests. 
High directivity couplers such as the 
752  Series are also swept for directivity, 
as shown in Figure 3. The directivity in 
most cases exceeds the 40-dB published 
specification by a substantial margin. 

Hewlett-Packard also provides on special 
request selected couplers specifically se- 
lected to exceed the published directivity 
specifications over a particular portion of 
the frequency band 

I l  

4 4  

8 46  

i 8.2 c F R E P U E N C Y  ( G H Z )  12.4 

:igure 3. Directivity curve of a X752C. 

Testing of precision attenuators is also 
made with swept-frequency tests. The 
precision variable attenuator, X382A, is 
swept tested over its entire frequency 
and attenuation range. 

For more information on swept-fre- 
quency techniques, ask for a copy of 
Application Note 65. This application 
note describes in detail the theory and 
actual operating setups to make sev- 
eral swept-frequency microwave mea- 
surements. Some of the measurements 
described are: attenuation, swr, noise 
figure, cavity Q measurements, wave- 
meter calibrations, TWT amplifier gain 
tests, thermistor mount efficiency testing, 
and waveguide coupler directivity. To  
obtain a copy of this Application Note 
contact your nearest HP Sales Office. 
Locations are listed at the rear of this 
catalog. 
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The coaxial slotted line system illustrated here is capable 
of swept-frequency swr measurements from 1.8 to 18 GHz.  
In this range coaxial directional couplers suffer from low 
directivity, limiting the accuracy of swept-frequency re- 
flectometers. On the other hand, conventional fixed-fre- 
quency slotted-line measurements are slow and tedious. T h e  
swept-frequency slotted line system enables you to realize 
the accuracy of the slotted line and the complete coverage 
and time saving of swept-frequency testing, 

T h e  system illustrated is set up for measurements in P- 
band (12.4 to 18 G H z ) .  Measurements in other bands can 
be made by changing the RF Unit in the 8690A Sweep 
Oscillator. The  H P  141A Oscilloscope is the ideal readout 
device; the entire plot can be generated in a few seconds 
and retained on the crt face for evaluation or photography. 
The  H P  1416A Swept-frequency Indicator adds convenience 
with its logarithmic calibration. No zero-level reference is 
needed, and swr is indicated directly in dB when the detector 
is operated in its square-law region. 

COAXIAL INSTRUMENTATION 
For coaxial systems operating to 18 GHz 

Instrument 
name 

Waveguide-to- 
coax adapters 

Low-Dass filters 

Bandpass 
fi l ters 

Variable 
attenuators 

Fixed 
attenuators 

Detectors 

Uses 

Interconnect waveguide and 
coaxial systems 

Spectrum analyzer preselectors to  
eliminate signals outside the range 
of interest; output f i l ters for signal 
sources to eliminate harmonics 

Measurement of reflection co- 
efficient, insertion loss, transfer 
characteristics by r f  substitution; 
reduction of power levels; reduc- 
tion of source mismatch 

R F  deteclion; reflection coefficient, 
attenuation measurements 

Frequency coverage by model 

10 100 215 450 500 940 1 2 3 4 10 12.4 
MHz MHz MHz MHz MHz MHz GHz GHz GHz GHz GHz GHz 

dc GHz 
18 

- 281A - 
-2818- 

< 360A - 
e 360B + 
< 360C * 
< 360D ) 

8432A - 
8433A * 

8435A - 
8 4 3 0 A  - 

+ 8 4 3 1 A - +  

8434A r 

8436A - 
- 354A ) 

355c - > 
< 3551) > 

+ 393A- - 394A 
8491A > 

* 420A b 

423A * - 440A - - 420B - 
< 476A I 
< 8470A * 

- 

Pagi 

- 

279 

- 

272 

- 

372 

- 

273 

260 
258 
273 
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COAXIAL INSTRUMENTATION 
For coaxial systems operating to 18 GHz 

Instrument 

- 

Page 

- 
381 
378 

- 

530 

- 

214 

- 

274 

- 
274 

- 

260 

- 

260 

- 

211 

- 

278 

- 

370 

- 

- 

Frequency coverage by model 

IO 100 215 450 500 940 1 2 3 4 10 12.4 
MHz MHz MHz MHz MHz MHz GHz GHz GHz GHz GHz GHz 

18 
dc GHz 

Uses 

L 
Power measurements with HP 
430C (4776) and HP 431C (478AJ 

L 1 l l D  b Thermistor 
mounts 

L t l l D  

+ 478A + 

- 536A - 
c- 537A - Frequency measurements Frequency 

meters 

Reflectometer measurements; op- 
t imizing transmission character- 
istics of r f  systems; power 
monitoring 

Dual 
directional 
couplers 

774D - 
+-775D--, 

-7778D + 

+ 776D 4 - 7770' 

I 
X781A - 

+786D- - 787D - 
788C - 

789C - 
Directional 
detectors 

Directional 
couplers 

Closed-loop leveling of signal 
sources; power monitoring 

c 7 9 6 D -  
-79713 - 

798C - Power  measuremen ts ;  power  
leveling 

Measurement of swr, wavelength, 
impedance, system flatness 

- 805C - - 816A - Slotted 
sections 

Slotted l ine 
sweep 
adapter 

Sl ide screw 
tuner 

- 44814- A d a p t e r ,  de tec to r  f o r  swep t -  
frequency slotted l ine measure- 
ments 

Impedance matching -872A- 

Termination of 50-ohm systems; 
separation of load and other sys- 
tem reflections (907A) 

Terminations c 907A P 
+ 908A - 
c 909A ) 

Sinusoidal and complex A M  and 
RF pulsing of microwave sources 
without incidental FM 

P IN  
modulators 

+ 8733A,B + - 8732A,B - 
8733A,6 - 

8734A,B - 
- 934A - ~ 

Mixing SHF and VHF signals Harmonic 
mixer 
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Freauencv 

The  swept-frequency system illustrated on the right per- 
mits rapid measurement of attenuation (in this example the 
G375A is being calibrated). The  transmission characteristics 
of the system are accounted for in the initial calibration 
which is based on the G382A Attenuator. 

I 
HP Instrument 

8616A Signal Generator 
8616B Signal Source 

618C Signal Generator 
8690A Sweep Oscillator 
8692A RF Unit 
8692B RF Unit 
8693A RF Unit 
8693B RF Unit 

Range (GH;) Price 
1.8 to 4.5 $2100 
1.8 to 4.5 $1450 
3.8 to 7.6 $2250* 

$1550 
2 to 4 $1700 
2 to 4 $2000 
I 4 t o 8  $1575 
4 t o 8  $1900 -_ 

G424A OPT02 

G382A 

S- and G-band Equipment 

Attenuator, precision variable 

mean:*0.4 dB 
variation:*0.5 dB Directional couplers, multi-hole 

*Degree dial 0 to 90" in 0.1' increments (S382B), in 0.01' increments (S382C). 
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Frequency 
Ranee (GHz’, H P  Instrument 

WAVEGUIDE INSTRUMENTATION 
Quality equipment for microwave measurements 

J-band, 5.30 to 8.20 GHz 

Price 

J752A 

. . . . - . . 

H01-86938 RF Unit 
493A Microwave Ampli f ier 
8733A PIN Modulator 
87338 PIN Modulator 

J281A 
11540A 

3.7 to 8.3 $2200 
4 to 8 $2600 

3.7 to 8.3 $325 
3.7 to 8.3 $550 ~ 

*Add $20 for rack mount 

J-band equipment 
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H P  instrument 

620B Signal Generator 

8690A SweeD Oscillator 

I 8690A/H02-8694A 

431C 431C 

Frequency 
range ( G H z )  Price 

7 to 11 $2250* 

- $1550 

H281A 

495A Microwave ArnDlifier 

The figure illustrates a swept-frequency system employing 
power meter leveling, in which the system is arranged to pro- 
vide leveled net forward power at the mainline output of the 
right-hand H752C Directional Coupler. Both the incident and 
reflected powers are monitored, with the recorder outputs of 
the two 431c Power Meters connected in such a manner that 
the resultant voltage fed back to the sweep oscillator is related 
to the power actually absorbed by the load. Typical applications 
for this type of leveling include measurement of thermistor 
mount efficiency and antenna radiation characteristics. 

7 t o  12.4 I $2600 

Complementary equipment 

I 8734B P I N  Modulator 7 t o  12.4 $575 
1 8734A PIN Modulator I 7 to 12.4 I $350 I 

H-band equipment 
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HP Instrument 

6208 Signal Generator 

WAVEGUIDE INSTRUMENTATION 
Quality equipment for microwave measurements 

X-band, 8.2 to 12.4 GHz 

Frequency 
range (GHz) Price 

7 to 11 $2250* 

8690A/8694A 140A 

626A Signal Generator 

8690A Sweep Oscillator 

8694A RF Unit 

T h e  variation of phase shift with attenuation of the 
X382A Precision Variable Attenuator is measured in this 
setup, T h e  new HP 8410A Network Analyzer permits this 
measurement to be made quickly and easily on a swept-fre- 
quency basis. 

10 to 15.5 $2250* 

_ _  $1550 

8 to 12.4 $1575 

Com plemen tary equipment 

86946 RF Unit 

495A Microwave Amplifier 

8734A PIN Modulator 

8 to 12.4 $1925 

7 to 12.4 $2600 

7 to 12.4 $ 350 

1 87346 PIN Modulator 7 to 12.4 I $ 575 1 I 
*Add $20 for rack mount  ~~ 

X-band equipment 
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H P  instrument 
626A Signal Generator 
628A Signal Generator 

140A 

11540A 

Frequency 
range (GHz) Price 

10 to 15.5 $3400* 
15 to 21 $3400 * 

The conventional swept-frequency reflectometer in the illus- 
tration is being used to examine the reflection characteristics of 
the P382A Attenuator. The flat frequency response and excel- 
lent square law characteristics of the P424A Crystal Detectors 
provide accurate measurement results, with the added advan- 
tage that reflection characteristics can be displayed directly on 
the oscilloscope crt. 

Complement a ry eq u i pmen t 

8690A Sweep Oscillator - $1550 
8695A RF Unit 

*Add $20 for rack mount  

P-band equipment 

12.4 to 18 $1700 
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Illustrated here is a typical fixed-frequency measurement 
system for K-band. The  K870A Slide Screw Tuner tunes 
the K486A Thermistor Mount to unity swr for improved 
power measurement accuracy. 

Complementary Equipment 

*Add $20 for  rack mount 

626A 1051A 

11540A- 

K- and R-band equipment 

Directional couplers, mult i-hole 

*Circular flange adapters 11515A (UG-425/U) for K-band, $35 each; 11516A (UG-3WU) for R-band, $40 each. 
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LOW-PASS, BANDPASS FILTERS 
Effective elimination of undesirable signals 
Models 360A-D, 362A, 8430 

360A,D 

These Hewlett-Packard low-pass and bandpass filters facili- 
tate microwave measurements by eliminating undesirable s i g  
nals (such as harmonics) from the measurement system. Sup- 
pression of such signals is particularly important in applica- 
tions such as slotted-line measurements, where harmonics 
generated by the signal source could otherwise impair meas- 
urement accuracy. These filters also can be used as preselectors 
for the HP 851B/8551B Spectrum Analyzer. As such, they per- 
mit the maximum utilization of the analyzer’s broad spectrum- 
width capability while assuring virtually spurious-free displays. 

Specifications, 360 Series 

Specifications, 362A Series 

Specifications, 8430 Series 



273 

Matched Square Low-level 

J424A 

Shipping 
Length weight 

K422A 

The HP 8 4 7 0 A  extends the frequency range of coaxial crys- 
tal detectors to 18 GHz. Like the 4 2 3 A  and 4 2 4 A  Crystal 
Detectors, the 8 4 7 0 A  combines extremely flat frequency re- 
sponse with high sensitivity and very low swr. Such perfor- 
mance is due to a crystal diode package developed by Hewlett- 
Packard, in which a superior diode is incorporated in a unique 
sealed capsule to provide best microwave Characteristics. This 
approach also facilitates diode replacement, which can be made 
easily in the field. The flat frequency response and low swr of 
these detectors make them extremely useful as the detecting 
element in closed-loop leveling systems. 

Matched pairs 
For applications in which both frequency response and 

square law characteristics are important, matched pairs of 
these detectors can be supplied with video loads for 
optimum square-!aw conformance. The low output capacitance 
of these detectors makes them ideal for detecting fast rf pulses; 
working into a low-capacitance IO-ohm load, their rise time is 
in the nanosecond region. Good pulse response permits their 
use in peak power measurement where the detected pulse is 
compared against a known CW level on a sensitive dc-coupled 
oscilloscope such as H P  1 4 0 A  or 175A.  

The 4 2 2 A  Crystal Detectors are convenient waveguide de- 
tectors which cover K- and R-bands. They have a dynamic 
range of 40 dB or more, making them suitable for reflectom- 
eter as well as general-purpose applications. 

The 4 2 0 A  is a low-cost crystal detector which covers the co- 
axial range from 10 MHz to 12.4 GHz, making it ideal for 
general-purpose video detection. The 4 2 0 B  is essentially the 
same unit as the 4 2 0 A  with the addition of a selected video 
load for optimum square-law characteristics in the 1 to 4 GHz 
range. Price: H P  4 2 0 A ,  $30; HP 420B,  $75.  

' A s  read on a 416 Ratio Meter or 415 SWR Meter calibrated for square law detectors. 
2Frequency response characteristics (excluding basic sensitivity) track wi th in +0.2 d 6  per octave from 10 MHz t o  8 GHz, -0.3 d6 from 8 to  12.4 GHz, and (8470A 
only) 20.6 d6 from 12.4 t o  18 GHz; specify Option 01.; add $40 per pair. 
k0.5 d 6  variation from square law up to  50 mV peak output into >75 kR; sensitivity typically >0.1 mV/gW; specify Option 02.; add $20. 
4Frequency response characteristics (excluding basic sensitivity) track within 20.2 d 6  for  S., G., 1- and H-band units, i0.3 dB for  X.band units, and 20.5 d 6  for  M- 
and P.band units; specify Option 01.; add $40 per pair. 

SMatched pair of units f i t ted wi th square-law loads. Frequency response characteristics (excluding basic sensitivity) track within :I dB for power levels less than approx. 
0.05 mW; specify Option 01.; add $80 per pair. 

*Circular flange adapters: 11515A (UG-425,'U) for  K-band, $35 each: 11516A (UG-381/U) fo r  A-band, $40 each. 
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DETECTORS, COUPLERS 
High directivity for increased accuracy 
770, 780, 790 Series 

778D Dual Directional Coupler 
H P  778D is a new concept in coaxial couplers. Designed 

with an exponential coupling array, this 20-dB coupler has 
a frequency range of 100 MHz to 2 GHz. Directivity is 40 
dB below 1 GHz, 34 dB above, making the 778D ideal for 
broadband reflectometers. Swept-frequency reflectometers 
save appreciable engineering and production time in the de- 
sign and testing of broadband apparatus (such as antennas, 
transceivers, etc.) ,  while insuring that all portions of the 
frequency range are examined, 

774D-777D Dual Directional Couplers 
The economical HP774D - 777D Couplers cover fre- 

quency spreads of more than two-to-one, each centered on 
one of the important vh f luh f  bands. Wi th  high directivity, 
these couplers are also excellent for reflectometer applica- 
tions, In  addition, these units can handle fairly high power 
and have low insertion loss, so they can be permanently in- 
stalled in coaxial lines for monitoring power, system flatness, 
etc. 

780 Directional Detectors 
The H P  780 Directional Detectors are directional couplers 

with built-in crystal detectors. In each case the coupler itself 
has extremely flat frequency response and good directivity, 
while the detector also has very good frequency response 
plus high sensitivity. The  configuration of the directional 
detector reduces the number of ambiguities over the standard 
system of separate directional coupler and detector and 
makes possible tighter correlation between main-arm power 
and detected signal. 

The directional detector is well suited for closed-loop 

leveling applications, particularly with sweep oscillators such 
as the HP 8690~4.  Leveled power can be applied to a load 
regardless of the characteristics of cables, connectors, etc., 
between the rf source and directional detector. The 786D 
through 789C are coaxial devices; X781A has a coaxial in- 
put and X-band waveguide output for working into WR90  
waveguide systems. All have good equivalent source match, 

790 Directional Couplers 
T h e  790 Directional Couplers are ultra-flat, high direc- 

tivity couplers which are ideal for power-monitoring appli- 
cations in coaxial systems. Output coupling (ratio of output 
power from main and auxiliary arms) is specified, rather 
than coupling factor. Thus, no correction factor is required 
to account for insertion and coupling losses in the main arm. 
With a power meter such as the H P  431C connected to the 
auxiliary arm, a calibrated, absolute power l e ~ l  can be con- 
veniently established at any point in a system, and the output 
of the 431C Power Meter can be used as a leveling signal for 
sweep oscillators. 

Specifications, 778D 
Frequency range: 100 hlHz to 2 GHz. 
Minimum directivity: 40 dB to 1 GHz, 34 dB to 2 GHz. 
Coupling attenuation (each auxiliary arm): 20 dB. 
Auxiliary arm tracking: 10.3 dB to 1 GHz, i-0.5 dB to 2 GHz. 
Max. primary and secondary line swr (50n terminations): 1.1. 
Power-handling capacity: 50 \x/ aierage, 10 kW peak. 
Primary line connectors: type N, one male. one female. 
Auxiliary arm connectors: type N female. 
Length: 16% in. (426 m m ) .  
Shipping weight: 5 lb ( 2 , 3  kg). 
Price: Model 778D, $450. 
Option 11. Furnished with APC-7 connector in lieu of primary line 

type hT , add $ 2 5 .  
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HP Model 774D 7750 776D 
Frequency range 
Minimum directivity 1 40 dB 40 dB 40 dB 
Coupling attenuation 

(each auxiliary arm) 20 dB 20 dB 20 dB 

215 t o  450 MHz 450 to 940 MHz 940 to 1900 MHz 

Specifications, 7741) - 777D 
777D 

1900 to 4000 MHz 
30 dB 

20 dB 

Accuracy of coupling 
(each auxiliary arm) 

Max. coupling variation 
50-ohm terminations) 

‘Measured w i th  HP906A Sliding Termination or K01-770D Line Length Set. 
2Maximum change i n  the coupling curve of one auxiliary arm relative t o  the other. 

mean coupling level within 0.5 dB of specified values 

Specifications, 780 Series 

‘Swept-frequency tested. 
?AS read on a 416 Ratio Meter or 415 SWR Meter calibrated fo r  squarelaw detectors. 
3The apparent swr a t  the output of an r f  generating system, such as the output o f  a directional detector when it i s  used in  a closed.loop leveling system. 
4lncludes loss due t o  coupling. 

For all models output, precision cover flange, fits I” x ?(*If waveguide, 
EIA W R 9 0 ) .  Detector output impedance: 1 5  k n  max. shunted by ap- 

Detector element: supplied. 
Noise: <200 pV peak to peak with C W  power applied 

Detector output polarity: negative. 
Detector output connector: BNC female. 
RF connectors: Type N, one male ( input ) ,  one female 

prox. 10 pF. Options 
02. Furnished with load resistor for optimum square 

law characteristics at 24OC (75’F), < t 0 . 5  dB 
variation from square law from low level up to 50 
m V  peak output (working into external load >75  
kn) ; sensitivity typically one-fourth of unloaded 
sensitivity; add $20. 

03. Positive polarity detector output; no additional 

to,produce 100 mV output. 

(789C: both female; X781A: input,Type N female; charge. 

Mean Output Max. Max. Inser- 
output coupling Direc- Equiv. primary aux. Max. tion 

HP Frequency coupling variation tivity source line arm input loss 
Model range(GH2) (dB)l (dB)2 (de);! mafch2,3 swr swr (W) (dB)4 
7961) 0.96 to 2.11 20 1 0 . 5  1 0 . 2  30 1.13 1.152 1.202 50 0.25 

Shipping 
Length weight 

(in) I (mm) (Ibs) I (kg) ‘Pr ice 
6 1 152 2 I 0.9 $200 

1 

797D 1 1.9 to 4.1 20 1 0 . 5  1 1 0 . 2  1 26 1 1.16 1.152 1.252 1 50 0.35 1 4 %  1 124 1 2 1 0,9 ] $ Z O O  
798C I 3.7 to 8.3 10 *0.3 1 +0.3 1 20 1 1.25 1.20 1.20 I 10 0.6 I 4 %  1 124 I 2 1 0,9 I$225 

1 For al l  models: r f  connectors: pr imary line: type N, one male (input), one female; auxi l iary arm: type N female. 
‘Difference i n  dB between power out of primary l ine and auxiliary arm. 
Swept-frequency tested. 
3The apparent swr a t  the output port  of a directional coupler when it i s  used in  a closed-loop leveling system. 
4lnciudes loss due t o  coupling. 
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X 
P 
K t  
R t  

The HP 752 Directional Couplers are important tools in 
waveguide measurements. They can be used to monitor 
power, measure reflections, mix signals, or isolate signal 
sources or wavemeters. 

Each coupler has an overall directivity of better than 40 
dB (including reflection from built-in termination and 
flange) over its entire range. Performance characteristics 
are unaffected by humidity, temperature or time, thus mak- 
ing these units especially useful in microwave “standards” 
measurements. Coupling factors are 3, 10 and 20 dB; mean 
coupling accuracy is k 0 . 4  dB ( k O . 7  dB for K- and R- 

* 0 . 4  1 . 1  1 05 1 16-11/16 15-11/16 15-11/16 3 1,4 $125 a 2-12 4 l x %  
12 4-18 ,702 x ,391 r 0 . 4  1 .1  1 05 1 13% 12% 12% 2 0,9 $150 

18-26 5 % x %  b O 7  1 1  1 0 5  % 10% 9-15/16 9-15/16 1 0,45 $200 
26 5-40 ,360 x 220 * O  7 1 1 1 05 !4 11% 8% 8-23/32 1 0,45 $250 

DIRECTIONAL COUPLERS 
Easy-to-use, precision instruments 
Model 752A,C,D 

Used together and connected back to back, two couplers 
are most useful with the HP 8690A Sweep Oscillator (see 
Signal Sources) in broadband reflection and swr measure- 
ments. One directional coupler samples power traveling 
toward the load, and the detected sample can be used to 
maintain a constant forward power. The  output of the aux- 
iliary arm of the second coupler, which samples power re- 
flected from the load, is then a direct indication of reflection 
coefficient and swr. After detection, this signal can be viewed 
on an oscilloscope or permanently recorded on an x-y re- 
corder. The  HP 424A Series Crystal Detectors are ideal for 

bands);- and coupling variation 17s frequency is 1 0 . 5  dB 
( 2 0 . 6  dB for R752D).  

use with the 752 couplers. 

X 752A,C, D 

In the system described above, the variation in coupling output must be minimized, matched pairs of couplers for the 
with frequency of the two couplers tends to cancel, This leveling loop are available on special order, The  pair com- 
cancellation effectively improves the leveling of the signal prises a 3- and 10- or 20-dB coupler. T h e  3-dB coupler is 
source and increases the accuracy of the measurement. connected to the auxiliary arm of the 10- or 20-dB coupler, 
For applications in which the actual variations in source reducing coupling variation to less than t 0 . 2  dB. 



277 

HP 
Model 

J885A 

TUNERS, PHASE SHIFTERS 
Precision instruments for lab or general use 

Models 870A, 872A, 885A 

Frequency Maximum Power 
range insertion (rating 
( G H r )  Accuracy loss watts) Price 

10 $550 5.30 - 8.20 3" 2 dB 

870A Slide-Screw Tuners 

Slide-screw tuners are used to match loads, terminations, 
etc., to the characteristic impedance of the transmission sys- 
tem. The  HP 870A tuners consist of a waveguide slotted 
section with a precision carriage that supports an adjustable 
probe. The  position and penetration of the probe is adjusted 
to  set up a reflection which cancels an existing reflection in 
the system. An swr of 20 can be corrected to 1.02, and 
small swr's may be corrected exactly. Eight models cover the 
2.6 to 40 GHz range. Price: HP 870A, $150 to $350. 

X885A 

P885A 

872A Coaxial Slide-Screw Tuner 

This tuner consists of a parallel plane line and a precision 
probe carriage and exhibits exceedingly low insertion loss. 
Carriage travel is at least one-half wavelength at 500 MHz, 
so any phase of reflection can be cancelled. Phase can be 
adjusted independent of magnitude, making the HP 872A 
much more convenient than double-stub tuners. Both probe 
penetration and position can be logged, so that settings may 
be repeated easily. 

8.20 - 12.4 2", 8.2 - 10 GHz 1 dB, 8.2-10 GHz 10 $425 
3", 10-12.4 GHz 2 dB, 10-12.4 GHz 

12.4 - 18.0 4" 3 d B  5 $600 

Specifications, 872A 
Frequency range: 500 t n  4000 MHz. 
Correctable swr: 5 .  
Insertion loss at maximum correctable swr: 0 5 dB or less 
Impedance: 50 ohms (Type N connectors, one male, one female). 
Weight: net 17 Ibs (7,7 kg); sh ipp~ng  2 7  Ibs ( 1 2 , 2  kg), 

Accessories available: 1 1 5 1 1 A  Shorting Jack, 5 4 ;  1 1 5 1 2 A  Short- 

Price: HP 8 7 2 A ,  $550. 
ing Plug, $4.50. 

885A Waveguide Phase Shifters 

HP 885A Phase Shifters provide accurate, controllable 
phase variation in the J-, X- and P-band frequency ranges. 
They are particularly useful in microwave bridge circuits, 
where phase and amplitude must be adjusted independently. 
They also are used in the study of phased arrays. 

The  instruments have high accuracy over their entire phase 
range, -360 to $360 electrical degrees, have low power 
absorption, are simple to operate and require no  charts or 
interpolation. They are sturdily built, comprising two rec- 
tangular-to-circular waveguide transitions with a dial-driven 
circular waveguide mid-section. These waveguide phase 
shifters are housed in case aluminum containers for extreme 
rigidity and durability. 

Specifications, 885A 
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TERMINATIONS AND SHORTS 
Versatile, convenient microwave instruments 
Models 907A-914B and 920,X923A 

907A, 914 loads 
The H P  907A Coaxial Sliding Load is a movable, low- 

reflection termination for 50-ohm systems. I t  covers the fre- 
quency range of 1 to 18 GHz  and can be moved at least one- 
half wavelength at 1 GHz. Load swr is less than 1.05 from 
1 . 5  to 18 GHz,  less than 1.1 from 1 to 1.5 GHz. For versa- 
tility, the 907A is furnished with adapters and center con- 
ductors for use with APC-7 and all type N connectors. Price: 
H P  907A, $275. 

Model 914 Moving Load consists of a section of wave- 
guide in which is mounted a sliding, tapered low-reflection 
load. A plunger controls the position of the load, moving 
it at least one-half wavelength at the lowest waveguide 
frequency. Thus, the phase of the residual load reflection 
can be reversed, so that this reflection can be separated 
from the other small reflections in the system. 

T h e  waveguide sections of the moving loads are manu- 
factured to very close tolerances to minimize the wave- 
guide swr. All but S-band units are broached, for broach- 
ing is a linear cutting stroke which does not have the 
irregularities of milling cutters, etc. In  addition, the guide 
dimensions are checked with precision gauges - air gauges 
from X-  through R-bands. Eight models cover from 2.6 
to 40 GHz;  each has a locking mechanism which prevents 
accidental movement of the load. Hewlett-Packard 914 
prices range from $60 to $275. 

908A, 909A, 910 Terminations 
Models 908A and 909A are low-reflection loads for ter- 

minating 50-ohm coaxial systems in their characteristic im- 
pedance. Frequency ranges are dc to 4 GHz  and dc to 18  
GHz respectively; swr is less than 1.05 for the 908A, less 
than 1.05 to 4 GHz,  1.1 to 12 .4  GHz,  and 1.25 to 18 G H z  
for the 909A. Power ratings for the 908A and 909A are 0.5 
and 2 watts respectively. The  908A is furnished with a type 
N male connector; the 909~4 ,  with an APC-7 or optional 
type N male or female. Pr ice:HP 908A, $35; H P  909A, 
$75 ($60 with type N connector). 

The  910 Series is designed for terminating waveguide 
systems operating at average powers u p  to about 1 watt (1 
k W  peak). They may be used wherever a matched load is 
required, as in the measurement of reflection, discontinuities 
or obstacles in waveguide systems. Featuring low swr, the 
910 Series covers the frequency range of 2.6 to 18 G H z  in 
six models. Price:HP 910 Series, $35 to $90. 

X923A, 920A,B waveguide shorts 
Models X923A and 920A,B are convenient instruments 

for introducing a variable element in waveguide systems. Op-  
erating in X-band (8 .2  to 12.4 G H z ) ,  the X923A combines 
fast phasing capability with a reference plane which is inde- 
pendent, of frequency. The 920A,B are available in seven 
bands from 2.6 to 40 GHz excluding X-band; these units are 
phased with a lead screw. The  waveguide sections are 
broached and checked to close tolerances to insure uniform 
reflection as the reference point is shifted. Price:HP X923A, 
$75; H P  920A,B, $85 to $175. 

908A 

909A 

907A 



279 

MISCELLANEOUS EQUIPMENT 
Increase flexibility of microwave measurements 

Models 281A/B, 292A/B, X913A, X930A, 11540A-11548A 

281A,B; 292A,B Adapters 
H P  281A,B Adapters transform waveguide impedance 

into 50-ohm coaxial impedance. Power can be transmitted 
in either direction, and each adapter covers the full frequency 
range of its waveguide band with swr less than 1.25. The  
281A Adapter is fitted with a cover flange and brass type N 
female connector; the 281B, with a cover flange and an 
APC-7 or  optional stainless steel type N female connector. 

Models 292A,B Waveguide-to-Waveguide Adapters con- 
nect two different waveguide sizes with overlapping fre- 
quency ranges. T h e  292A consists of a short tapered section 
of waveguide, The  292B is broached waveguide with a step 
transition between waveguide sizes. 

I Specifications, 281A,B I 
Fits waveguide size 

*1 3 from 5.3 to 5.5 GHz’  

X913A Termination 
The X913A is a high-power termination which does not 

require cumbersome water connections. The unit will dissi- 
pate 500 watts average, 100 k W  peak, and its swr over the 
full 8.2 to 12.4 GHz  range is less than 1.05. Price: X913A, 
$125. 

X930A Shorting Switch 
Model X930A, 8 .2  to 12.4 GHz, provides a removable 

short in a waveguide circuit, SWR is less than 1.02 in the 
“open” position, greater than 1 2 5  in the “short” position. 
Price: H P  X930A, $160. 

Waveguide Stand, Waveguide Clamps 
Cast and machined from zinc alloy, the 11540A Wave- 

guide Stand locks H P  Waveguide Clamp at any height from 
234” to 5$4” (70  to 133 m m ) ,  The  stand is 2y2” (64  m m )  
high, and the base measures 434” (121 mm) in diameter. 
Price: 11540A, $3. The  Waveguide Clamps are offered in 
nine sizes to fit waveguide equipment covering frequencies 
from 2.6 to 40 GHz. They consist of a molded plastic cradle 
with a center rod. 

Specifications, Waveguide Clamps 

1 

P281 B 
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COMMUNICA TIONS / =E LOCATING LEAKS IN PRESSURIZED 

I TEST EQUIPMENT / COMMUNICATIONS NETWORKS 

The aerial and underground pressur- 
ized cable plant of the modern telephone 
operating organization epitomizes the 
large low pressure system which lends 
itself to ultrasonic maintenance. Gaining 
momentum after World W a r  11, all cable 
pressurization has resulted in overall re- 
duction in outlay for cable plant mainte- 
nance. This is particularly true in the 
reduction of emergency repair time for- 
merly encountered when rains entered 
the cable sheath to result in widespread 
service disruption. Modern telephone 
practice calls for the installation of com- 
pressor/dryer units supplying cable pres- 
sure in outlying areas Flow indicators 
adjacent to these compressors provide 
telephone maintenance crews with con- 
stant readings as to the integrity of the 
cable. Additionally, contactor terminals 
and pressure regulators are employed 
throughout the plant. 

The most common causes of leaks in 
cable plant are corrosion (particularly in 
coastal areas), electrolysis, squirrels, bor- 
ing beetles, abrasion from wind and 
weather, hunters and outside workmen. 
Abrasion during installation and corro- 
sion are the most frequent causes of cable 
sheath trouble in underground (ducted) 
passages. 

Before the advent of ultrasonic leak 
detection, it was necessary on aerial cable 
for the craftsman to apply soap solution 
from the ground or suspended platform 
and to attempt to watch for bubbles. 

For underground ducted cable, it was 
necessary to train personnel in sophisti- 
cated gradient measurement techniques 
to plot the leak location. However, the 
possibilities of error, even by the most 
technically-oriented personnel, frequently 
resulted in much more extensive excava- 
tion than necessary merely to repair the 
cable sheath. 

Ultrasonic inspection 
Although the advent of highly portable 
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Ultrasonic Translator detectors permitted 
telephone craftsmen to locate sheath 
damage in pressurized cable from the 
ground, prudent supervisory manage- 
ment has established pre-inspection pro- 
cedures to speed the operation further. It 
is typical practice, for example, for a 
splicer to perform the following pre- 
liminary steps on a cable failing to main- 
tain nominal 10 psi. 

(1  ) Place nitrogen cylinders, set to dis- 
charge 10 psi, at strategic locations along 
the right-of-way, (r .0.w.).  Such cylin- 
ders often are allowed to remain 24 hours 
or longer in order to build up sufficient 
pressure within the cable. 

(2)  Take air pressure readings at se- 
lected points along the r.0.w. This prac- 
tice is particularly important on such 
cables as cross-country toll lines which 
often traverse a line-of-sight across pre- 
cipitous terrain. 

( 3 )  The readings taken at each pres- 
sure point are then plotted on graph 
paper. Each grid on the paper is selected 
by the craftsman to represent a known 
distance as determined from his cable 
plant maps. 

( 4 )  An alternative method of narrow- 
ing down the location of the leak is the 
cable pressurization computer, or gas 
pressure slide rule, as it is often called. 

After the craftsman has narrowed 
down the location of the leak, or leaks, 
to within the length of three sections 
(between utility poles) or less, he com- 
mences his ultrasonic inspection in any of 
the following ways: 

If he has isolated the trouble to within 
two city blocks or less, he would nor- 
mally walk the route, using either the 
handheld probe or a 112WC ultrasonic 
probe extension fitted to a standard tree 
pruner section or a wheeled assembly 
containing an ultrasonic probe and pre- 
amp circuitry, (112BRC). 

These accessories have 10 kv insula- 
tion transformers for the safety of the 
craftsman. In certain instances, an area- 
wide infestation of boring beetles will 
cause extensive damage and multiple 
leaks. In such cases, the inspection is 
often done from a moving vehicle. The 
telephone splicing cable car is still re- 
quired for ultrasonic inspection on cables 
where the r.0.w. traverses canyons or 
deep gullies. 

Estimates by officials at various tele- 
phone operating companies as to the 
economies achieved by the use of ultra- 
sonic leak detection range from 50 to 
80 percent and above. 

Although the Delcon Ultrasonic 
Translator detector’s transducer is re- 
sponsive only to a 36 to 44 kHz acoustic 
bandwidth, the characteristic sounds of 
a phenomenon are preserved through 
translation and amplification. Thus, a 
typical 10 psi compressed air or nitrogen 
leak in pressurized cable, when trans- 
lated, sounds exactly like the familiar 
hissing sound of a punctured innertube. 
Human experience, then, is the only data 
processing required. 

Training 
The training of personnel in the use 

of ultrasonic leak detectors is minimal - 
the journeyman craftsman’s common 
sense and work experience insure success. 
However, the ability to hear inaudible 
sounds is a new experience, and it is 
recommended that cable maintenance 
personnel receive a brief introduction to 
the instrument. Such an introduction can 
readily be set up by a telephone operating 
center. Some centers use cable vaults ad- 
joining the central office. The foreman 
conducting the session will loosen air 
pressure valves to simulate leaks and 
then allow each of the craftsmen to find 
all of the leaks. The foreman instructs 
each craftsman to coordinate the direc- 
tion of the probe with the sonic intensity. 
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Model 4905A Model 116 
The Model 116 Ultrasonic Translator detector is a practical, 

lightweight system which consists of the basic detector unit, a 
directional probe, matching headphones, and a leather utility 
case. Information readout is through top quality headset, which 
provides craftsmen with readily interpreted and easily analyzed 
signal. A special rubber focusing probe enables user to pick up 
sounds from usually inaccessible locations such as leak sources 
between cables routed close to one another or on the bulkhead 
side of cable groups. The instrument is shipped with mercury 
cell batteries which provide from 360 to 5oo hours of depend- 
able operation, The detector can be carried in a pocket or by 
the web carrying strap. 

This lightweight, portable device is designed expressly for 
use in applications requiring a high degree of mobility, offer- 
ing operators hands-free efficiency, the 4905A has a built-in 
speaker, making it ideal for hard-hat situations. Furthermore, 
the reference meter is positioned on top of the instrument for 
easy viewing, The design of the 4905A is simple and functional 
-even an  untrained operator can use it efficiently after reading 
the simple instructions on the cabinet. In addition, sturdy con- 
struction keeps the 4 9 0 5 ~ 4  Performing faithfully, Year after Year, 
despite the roughest handling. 

I Model 116 Model 4905A 

Specifications, 116 
Construction: rugged aluminum construction throughout entire 

instrument. Separate battery compartment permits battery 
replacement with disassembly. MIL-Spec glass reinforced 
epoxy printed circuit board. Cabinet has detachable side plate 
for major servicing. All  components used are of premium 
quality. Total concept of design and construction is to pro- 
vide for utmost reliability and long life in rugged field con- 
ditions such as hard climbing and limited crawl-space work 
encountered in industrial use. 

Circuitry: completely transistorized 4.5 - volt circuitry for 
long battery life. Pull-Push switch and volume control are 
combined for ease of operation. 

Response: frequencies between 36 kHz and 44 kHz are trans- 
lated into audible sounds, while other sounds within the 
human hearing range are not detected by this instrument. 

Probe and coil cord: hand-held; shielded against rf interference; 
output impedance 180 ohms; transistorized preamplifier; 
conical response 2 11’ at 3 dB points. Supplied with a 6-foot 
coil cord employing latch-lock connectors. 

Probe size: 1%” dia. by 6%‘’ long, including protective model 
screened cap. Power to probe supplied through cord from 
main unit. 

Jack output: 10 milliwatts into GOO-ohm matched headphone. 
One volt rms minimum. 

Dimensions: 4” aide,  7 % “  high, 1 % ”  deep ( l a 2  x 19 , l  x 4,45 
c m ) .  

Probe: 1% inches diameter by 6% inches in length. 
Batteries: 3 cells of either mercury, or zinc carbon type. Stan- 

Battery life: 360-500 hours from mercury cells. 
Weight: net 7 Ibs (3,2 kg) ; shipping 8 Ibs (3,6 kg) , 
Price: Delcon Model 116, $525. 

dard “A-A”  flashlight size. 

Specifications, 4905A 
Construction: rugged aluminum chassis and case; stainless steel 

hardware throughout; Mil-Spec printed circuit board; quick- 
access battery compartment; detachable cabinet side-plate for 
servicing. 

Circuitry: broad-range 4.5 V transistorized circuitry with RF 
filter provides 100 dB dynamic range; circuit gain controlled 
by a single knob. 

Frequency response: translates frequencies between 36 kHz 
and 44 kHz into audible sounds; other sounds within audio 
range are screened out. 

Probe and coil cord: hand-held; shielded against RF interfer- 
ence; output impedance 180 ohms; transistorized pre-ampli- 
fier; conical response i l l  degrees at 3 dB points. Supplied 
with a six-foot coil cord employing latch-lock connectors. 
Probe size: 1%” dia. x 6%’‘ long, including protective monel- 
screened cap. Power to probe supplied through cord from 
main unit. 

Meter: ultrasonic sound intensity measured by output meter; 
sealed and gasketed to lock out dirt and contaminants; scale 
length 1.75 inches; linear calibration (0 -100)  on upper scale 
for logging relative measurements; lower scale calibrated 
from 0-30 dB. 

Speaker: incorporates 2 .5  inch speaker; sealed against moisture; 
nominal power to speaker 25 m W .  

Temperature range: oscillator stability “15  H t  and signal to 
noise ratio within * 1 dB from 0-55 degrees C. 

Headset jack auxiliary 600-ohm output headset jack. 
System weight: net 6 lbs (2,7 kg) ; shipping weight 8 Ibs (3 ,6  

Battery information: three Eveready E-12 or equivalent (Mer- 

Battery life: 360-500 hours. 
Dimensions: 8%’’ wide x 4%’’ high x 2 % ”  deep (20,9 x 11,4 x 

Price: Model 1905A, $595.  

k g ) .  

curytype) .  

5,71 cm) .  
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REFLECTOR, WAND, PROBE & Accessories for use with ultrasonic detectors 
Models 112BRC, 112WC, 18000A 

112BRC 1 
I.. 18000A 

Accessories shown in this catalogue can be used with all 
models of Delcon Ultrasonic Translator detectors unless 
otherwise indicated. 

112BRC Mobile Reflector 
Designed to ride aerial cable, this unit is used with stan- 

dard tree pruner poles and is provided with a 2j-foot cord 
for connection to the Ultrasonic Translator detector. Pre- 
amplifier and local battery located in top housing. Unit 
equipped with two-wheel removable bridge assembly and 
sonic reflector. Insulation provided for 10 kV operator 
protection. 
System weight: net 8 Ibs (3,6 kg) ; shipping 10 Ibs (4,5 kg ) .  
Price: Delcon 112BRC, $225. 

112WC Quik-Search Wand 
The 112WC is a high-gain probe on a 6-foot long fiber- 

glass pole designed to mate with pruner poles. Incorpora- 
ting a preamplifier and 10 kV insulation, the 112WC per- 
mits a close inspection of overhead cables and terminals and 
for surveillance of manholes for leaks in cable, sleeves and 
splice cases. 
System weight: net 5 lbs (2 ,3  kg)  ; shipping 7 lbs (3,2 k g ) .  
Price: Delcon 112WC, $185. 

18000A Duct Probe 
An accessory to Delcon Ultrasonic Translator detectors, 

the 18000A Duct Probe is designed for the precise and im- 
mediate location of leaks in underground ( U G )  pressurized 
cable. A hermetically sealed probe responsive to acoustic en- 
ergy in the 36-44 kHz bandwidth provides the sensing ele- 
ment, Transported up the duct by means of three-foot long 
locking rods, into which coaxial cable is inserted, the probe’s 
signal is translated and amplified by the basic Delcon instru- 
ment which remains at the manhole access. Plastic snap-on 
guides hold the coaxial cable firmly in its groove and center 
the probe and rod assembly atop the cable. T h e  guides also 
reduce sliding friction within the duct, and prevent binding. 
In normal operating practice, the craftsmen utilize both 

audio output and intensity meter to pinpoint the leak. Ex- 
cavation point is quickly determined by counting the number 
of rods employed. 
Ultrasonic probe and preamp section: sealed against water, 

sand and mud penetration. ?L2 inch outside diameter 
stainless steel housing. High sensitivity-high gain-low 
noise. 

Response: frequencies between 36 and 44 kHz are trans- 
lated into audible range, All other frequencies are re- 
jected. 

Meter attachment: rugged aluminum casting which slips over 
the outside edges of standard Delcon Translator detector. 
Signal amplifier and meter provide handy reference read- 
ing in pinpointing leaks. Avoids need to maintain a “lis- 
tening watch” as probe is moved in duct-way. This attach- 
ment is not necessary when used with the 4917A or 4905A 
detectors. 

250 feet special extruded rod: high-strength aluminum alloy. 
36-inch lengths for easy handling, convenient reference, 
and optimum flexibility in following the duct-way. Ac- 
curately machined dovetail joints for fast, positive and 
rugged rod connections. 

100 molded plastic guides: decrease sliding friction in duct 
and prevent binding. Insure positive lock at each joint. 
Lock coaxial cable into extruded rod. 

Wooden carrying case: rugged “steamer trunk” construction 
with steel reinforced corners and wheels. Handy compart- 
mentation keeps equipment in easy-to-use position. 

500-foot coaxial cable: convenient, easy wind supply reel. 
Continuous readings through dependable noise-free slip 
rings, Signal level reference is constant throughout entire 
probing range since total cable length is always in circuit. 

Dimensions: 12y2” wide, 47y2“ high, 995” deep (31,7 x 
120,6 x 24 , l  cm) .  

System weight: net 95 lbs (43  k g ) ;  shipping 97 lbs (44  

Price: Delcon 18000A, $1195. 
k g ) .  
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COMMUNICA TIONS 
TEST EQUIPMENT CABLE FAULT LOCATING E 

Faulted cable can generally be broken 
down into two major categories; open 
pairs or shorts, grounds and crosses. 
After the initial trouble report has been 
received and preliminary testing has 
been made, the field craftsman is ready 
to locate the fault. At this point, time is 
of utmost importance for restoration of 
service and to minimize direct labor costs. 
Only by careful analysis of the fault can 
the craftsman proceed in an organized 
and systematic manner. This, then, re- 
quires the proper instrument to perform 
both the important step of analysis as 
well as actually locating the fault. 

Selecting proper instruments 
Shorts, grounds, and crosses are some- 

times found by using a whole family of 
test sets- some of which may be ob- 
solete. The Delcon Cable Fault Locators 
(4900 Series) are designed to eliminate 
the need for several instruments. Cables 
can be analyzed for exact resistance of 
fault by using the built-in ohmmeter 
feature on the Model 4901A. Without 
a jumble of accessories or extensive 
technical knowledge on the part of the 
user, faults can be easily and accurately 
pinpointed. 

Versatility of the 4900 series Cable 
Fault Locators enable the operator to 
shoot trouble on aerial, buried, or under- 
ground cable. Aerial wire faults can also 
be quickly pinpointed. In addition to 
fault locating, buried or underground 
cable path and depth can accurately be 
determined without “spilling over” to 
other buried facilities. 

High sensitivity of the 4900A and 
4901A.makes them very practical instru- 
ments for use on all types of communi- 
cations cable - PIC, lead and coaxial. 

Non-communications uses 
Power companies and utilities have 

found the Cable Fault Locator particu- 
larly valuable for use on underground 
residential distribution circuits ( U R D ) ,  

Series circuits such as street lighting 
or airport lighting are examples where 
the Delcon Cable Fault Locators can be 
used. Path and depth can be determined 
on all types of power cables. 

Contractors are able to determine the 
path and depth of non-metallic duct or 
pipe by the simple procedure of inserting 
a flexible metal push rod the length of 
the course. Tone is applied to the rod 
and located with the wand. 

100- 

T y p i c a l  4900A rece iver  read ings  as a  f u n c t i o n  of d is tance to  f a u l t  

L 
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Open pairs 
When the reported trouble indicates 

the faulted cable pair to be open, the 
craftsman must further analyze the 
fault. First, he must understand cable 
makeup and related inter-conductor ca- 
pacity. Exchange cable is designed and 
manufactured to have a nominal capacity 
of ,083 microfarad per mile within each 
pair. Cable pair capacity will vary from 
this nominal value depending upon the 
tolerance established at the time of 
manufacture as well as the percentage 
of working pairs within the cable. The 
4910B has been designed to accomrno- 
date a wide range of pair capacities by 
the incorporation of an adjustable “D” 

Factor control and reference. 
A “D” Factor reference of 1.0 has 

been established for a nominal cable 
capacity of ,083 microfarad per mile in 
an average use condition. Some cables, 
most common being quaded toll, are de- 
signed to have a lower capacity of ,067 
microfarad per mile. Buried service wiqe 
and multiple line wire have pair capac- 
ities which differ from both the standard 
and low capacity cable. 

Principles of operation 
The 4910B is a capacity meter that is 

unaffected by the inductance or resis- 
tance that is present in all lines. 

The technique employed is “auto- 
matic charge sampling” which relates the 
charge placed on a length of wire to its 
capacity and hence the length. A dc volt- 
age is applied to the test pair and the 
charge retained on the pair is then auto- 
matically transferred to a reference ca- 
pacitor within the 4901B and the result- 
ing voltage developed across this capaci- 
tor represents the length of the conductor 
under test. Final readout of the conductor 
length is provided by a high impedance 
voltmeter having an output meter indi- 
cating directly in feet. 

The 4910B system measures total ca- 
pacity of a circuit including bridge taps 
and built-out capacitors. Trouble shoot- 
ing must therefore take these factors into 
account. 
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Operating on the principles of electromagnetic induction and 
earth voltage gradients, the series 4900A/4901A Fault Locators 
provide the craftsman a highly efficient means of troubleshoot- 
ing. Because of their performance and the fact that they each 
perform test procedures previously requiring separate instru- 
ments, field experience by operating telephone companies indi- 
cate significant economies in cable maintenance and faster cir- 
cuit restoration. Rugged construction makes the instruments 
ideal for all working and weather conditions. 

The instruments are identical except that the model 4901A 
has an ohmmeter to assist the craftsman in preliminary analysis, 

out” of resistance. Series 4900A/4901A instruments are shipped 
complete with all accessories necessary for troubleshooting 
buried cable plant. Also included is a 30-foot lead for use on 
aerial and block cable. A special jack on the receiver permits 
utilization of standard explorer coils already in telephone or- 
ganizations’ inventories. Ordinary lantern cells power the devices 
and interlock switches automatically prevent battery drain when 
the set is not in use. Similarly, battery voltage levels are com- 
pensated for optimum performance throughout the battery life. 
The accompanying instruction manual itself provides a short 
course in cable maintenance techniques in language and dia- , .  

proper grounding point selection, and in determining “drying grams easily understood by all craftsmen. 

Features 
Versatile: Does work of many different test sets. Detects faults 

in buried, aerial and underground cable. 
Fast, easy to use: Cuts detection time from hours to minutes. 

Equipment has simple controls, requires little preliminary 
instruction. 

Accurate: Pinpoints faults to within a fraction of an inch. 
Lightweight, portable: Total system weighs 19 lbs. 

Durable: Quality construction throughout. Delivers top per- 

Battery-operated: Needs no outside power source. Solid-state 

Furnished complete: Needs no accessory equipment for most 

Easily carried to remote cable sites. 

formance under roughest of handling 

circuitry uses little power, results in long battery life. 

uses 

Transmitter 
Precision built, the transmitter features the latest solid state 

construction Single control knobs and a flashing light auto- 
matically adjusts transmitter output. Transmitter generates a 
distinctive 990 Hz tone which is interrupted at 7 pulses per 
second. The unit is not damaged i f  batteries are reversed. Inter- 
lock switches prevent the unit from being stored with battery on. 

Receiver 
The receiver is lightweight ( 2 %  lbs.) and is easily carried 

around the neck of the operator. It is durable and rugged with 
all solid state construction. Top performance is possible under 
all field conditions. Protective circuits assure that the set will 
not he damaged if the batteries are accidentally reversed. Single 
control knobs adjusts the output level meter and speaker 

volume. Selective response filters out 60 Hz and radio inter- 
ference thus enabling the operator to pinpoint even the most 
difficult faults under varying soil conditions. A special design 
feature prevents unit from being stowed with battery turned 
to the “ON” position. A battery test-button checks on the con- 
dition of the battery. 

Carrying case 

Compact and portable, the carrying case measures 9% x 9 x 
1 5  inches. It stows the receiver, built-in transmitter, lantern 
battery, test cables, and grounding rod. 

The case is durable-built of heavy gage aluminum. 

Earth contact frame 
The Earth Contact Frame is made of sturdy, lightweight, 

welded tubular aluminum. Stainless steel tines afford accurate 
pinpointing of earth return faults. When centerline of frame 
is directly over the fault, voltage across the tines cancels, giving 
a null a t  the receiver. 

Search wand 
Constructed of strong, lightweight aluminum tubing, the 

search wand contains a pickup coil, wound on a ferrite core 
contained in bottom end of the wand. The wand is used for 
sensing the inductive field around the cable. This field allows 
the operator to locate path and depth, and to pinpoint crosses, 
grounds, and shorts. 

System weight: net 2 2  lbs (10 k g ) ;  shipping 2 5  lbs (11,4 kg) .  

Price: Delcon 4900A, $ 5 9 5 .  Delcon 4901~4, $695. 
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This lightweight portable instrument is designed for the 
accurate location of open conductors in telephone cable pairs 
as distant as 100,000 feet (or 30,000 meters) from the test 
point. Standard or comparison pairs are not required, and the 
instrument indicates distance to the fault point directly in 
feet (or meters) on a durable, taut-band, mirrored meter. 
Employing the latest automatic charge sampling technique 
for maximum accuracy and minimum effect from cable in- 
duction, the all solid state 4910B/C is self-calibrating for use 
on all types of telephone cables having varying capacities. 
Simple to operate, the 4910B/C incorporates a line select 
switch permitting the tip and ring of a pair to be tested sep- 
arately without the necessity of manually reversing test leads. 

Special features: 
Instrument automatically analyzes cable leakage resis- 

tance on each distance range todetermine if test isvalid. 
Internal voltmeter tests cable pair for presence of foreign 

voltage 
Line select switch permits instantaneous testing of either 

conductor 
Completely self-calibrating and self-testing circuitry as- 

sures accurate test results 
Exc1usive"D-Factor" to adjust for varying cable capacities 
Monitor circuit automatically locks out reading when bat- 

Interlock circuit automatically turns off all internal bat- 

Test cable length is automatically subtracted providing 

tery voltage falls below dependable operating level 

teries when test cable is removed from instrument 

readings in net distance to fault 

Construction: rugged aluminum construction is used through- 
out entire instrument. Cabinet has a detachable side plate for 
major servicing. Separate compartment permits battery re- 
placement without disassembly. 

Circuit: all solid state for long battery life and dependable 
operation. Employs automatic charge sampling circuitry for 
simplicity of operation and reliable reading. 

Meter: utilizes specially designed taut-band meter for rugged 
field use. Individually calibrated, mirror type scale permits 
readings to be made with laboratory precision. 

Voltmeter: indicates presence of any voltage from 1 to 200 
volts on line. Automatically displays ac and either polarity 
of dc voltage. 

Ohmmeter: Go/No-go type: automatically programmed for 
each distance range. Gives indication to operator when pair 
leakage resistance will affect distance readings. 

Distance ranges: 

Batteries: four standard 8.4 volt tubular Eveready E-126. 

Battery life: 10,000 line tests (one year average service). 

Calibration: the Model 4910B is self-calibrating to work with 
cables having a pair capacity from ,056 to ,138 microfarad 
per mile. 

Weight: net, 5 Ibs; shipping, 10 Ibs. 

Size: 7'' x 5%" x Sf, 

Calibration: the 4910C is self-calibrating to work with cables 
having a pair capacity from .035 to ,087 microfarad per 
kilometer. 

Weight: 2,27 kilograms. Shipping: 4,54 kilograms. Size: 17,8 
cm x 14,5 cm x 12,5 cm. 

Price: Model 4910B $575.  
Model 4910C $575. 

Distance ranges: 

0-300 feet * 3 feet 
0-1000 feet * 10 feet 
0-3000 feet * 30 feet 
0-10,000 feet * 100 feet 
0-30,000 feet * 300 feet 
0-100.000 feet * 5000 feel 

I Scale Accuracv I ~. . . - - -. --, 
0-30 meters * 0.3 meters 
0-100 meters * 1 meter 
0-300 meters * 3 meters 
0-1000 meters * 10 meters 

I 0-3000 meters * 30 metern I 

t 
_ _  _._ - 

0-10,000 meters * 100 meters 
0-30,000 meters * 1500 meters 
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COMMUNICA TIONS 
I TEST EQUIPMENT 

The telegraph was the first method of 
electrical communication. In 1844 the 
first message was sent over a circuit. 
Shortly after this, the telephone was in- 
vented; and the “universal” and “stan- 
dard”  switchboards were introduced. 
Since then, electrical communications 
have been changed to electronic com- 
munications. The following information 
is aimed at the telephone portion of com- 
munications. It pertains only to Hewlett- 
Packard test equipment designed to im- 
prove, simplify and expedite telephone 
service. These objectives have been ac- 
complished in several ways: 

1. One instrument, or combication of 
instruments in one carrying case, will 
perform the duties of several previous 
instruments. 

2. One function may be transferred to 
another by merely changing a switch 
position. 

3. Battery-operated test equipment per- 
mits operation in the field. 

4. A number of standard Western 
Electric terminals connected in parallel 
permit connection to different types of 
line equipment. 

Generally in the United States, sub- 
scribers’ loops are of nominal 900-ohm 
impedance. 600 ohms is an accepted 
trunk and tollboard impedance and is 
found in the many miles of open-wire 
carrier still in use. The CCITT* does not 
recognize 900 ohms as a subscriber-loop 
impedance but recommends 600 for voice 
frequency applications and short-haul, 
open-wire carrier. Wire-cable carrier, 
typically short-haul, uses 135-ohm cable; 
many higher capacity systems use 135 
ohms as an interface impedance on a 
group or super-group basis. The CCITT 
equivalent of this impedance is 150 ohms. 
Long-haul, coaxial-cable carrier systems 
use 75 ohms in the United States and in 
the CCITT recommended systems. The 
H P  telephone voltmeter provides for all 
these impedances either balanced or 
unbalanced; and it also provides for 
either bridged or terminated conditions. 

Since a holding function is desirable 
in many measurements, a holding coil is 

TELEPHONE TEST EQUIPMENT 

provided which may be switched into the 
circuit on the 600 Hold and 900 Hold 
position. This provides an off-hook con- 
dition to hold the dialed line. 

Connections are provided for attach- 
ing a lineman’s handset for dialing. 
Once the connection has been established, 
the test instrument may be switched to 
one of the Hold positions. This will 
maintain the dialed connection but will 
remove the talking function and substi- 
tute the telephone oscillator or voltmeter. 
The input and output jacks accept stan- 
dard 241, 309 and 310 Western Electric 
plugs, as well as the special connectors 
to receive the lineman’s handset and dual 
banana binding posts for attaching wires 
or clip leads. 

The theory of message-circuit noise 
measurement is based on a relative inter- 
fering effect of the noise on the sub- 
scriber’s hearing. Because of the fre- 
quency response of the telephone subset 
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Figure 1. Noise weighting curves. 

and the fact that the human ear responds 
differently to noise of various frequen- 
cies, a weighting function is assigned to 

each frequency in proportion to its con- 
tribution to the interfering effect. 

The weighting curve currently accep- 
ted as a US. standard is the Bell System 
C-Message weighting (see Figure 1). The 
unit used to define noise measured in 
this manner is dBRNC, meaning deciBels 
above Reference Noise  C-Message  
weighted. Reference noise is -90 dBm at 
1 kHz. The CCITT recommendation is 
psophometric weighting which has a 
slightly different curve and is referenced 
to 800 Hz. The measuring units for this 
weighting are picowatts psophometric, or 
pWp. A 3-MHz flat weighting refers to 
the broadband or flat voltmeter function, 
and a 3-kHz flat weighting provides for 
weighting over the range of voice fre- 
quencies only. 

In addition to the quantitative measure- 
ment of noise, it is important to identify 
the source of the noise. Some indication 
of this can be obtained by noting the dif- 
ference in noise on the 3-kHz flat and the 
C-Message weighting functions. A sub- 
stantially higher reading in the 3-kHz flat 
mode usually indicates excessive power- 
line noise. 

The measurement of all of these fac- 
tors and the attenuator positions are des- 
ignated in dB or dBm. 

Hewlett-Packard telephone voltmeters 
incorporate these important features. 

HP 236A 
The H P  Model 236A Telephone Os- 

cillator has all of the above mentioned 
Western Electric connectors for dialing 

L E V E L  

FREQUENCY 

“Consultative Committee on International Telephone 
and Telegraph 

1 
F i g u r e  2. 236A block d i a g r a m .  
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and output. It incorporates the holding 
function for 600 and 900-ohm output 
impedances. I t  provides a 50-Hz to 
20-kHz frequency range in the 600 and 
900-ohm balanced output and 5-kHz to 
560-kHz frequency range on the 135-ohm 
balanced output. Its power source may be 
a 115/230 V *lo%, 50 to 1000 HZ 
external source or a 45 V dry-cell inter- 
nal battery. 

An interlock turns the power switch 
off when the cover is replaced. The OS- 
cillator's output level is adjustable from 
+IO to -31 dBm in 0.1 dB steps. The 
attenuator precedes the output trans- 
former so the output impedance is not 
affected by the attenuation. 

The H P  236A consists of an oscillator- 
amplifier, attenuator, power supply, me- 
ter circuit and a selective output circuit. 
Figure 2 shows the block diagram of this 
instrument. 

The oscillator-amplifier operates as a 
typical solid-state H P  RC oscillator (refer 
to page 320 of the oscillator section of 
this catalog), The front-panel output cal- 
ibrator adjustment controls the output 
amplitude. Accurate metal film resistors 
are used to insure exact attenuations. 

The output circuitry consists of a low 
and a high frequency output transformer, 
a holding coil, and parallel Western Elec- 
tric output and dial connectors to insure 
a proper connection for any lineman's 
equipment. 

HP ,3555A 
The H P  Model 3555A Telephone Volt- 

meter is a universal instrument for solv- 
ing standard measurement problems exist- 
ing in the telephone industry. The 3555A, 
in conjunction with the 236A Telephone 

O'F to +120"F temperature range at 
humidities up to 95% RH. 

The 3555A has selectable input imped- 
ances of 75, 135, 150, 600 and 900 ohms 
balanced, bridging or terminated for any 
impedance. The input connectors are 
standard Western Electric telephone jacks 
connected in parallel to fit any line 
equipment. Provisions are made for dial- 
through and hold operations (see Figure 
3 ) .  

The balanced input impedances are ac- 
complished by a differential amplifier, 
eliminating the normal repeat coil. This 
technique gives impedances of over 100 k 
ohms bridging with less than 0.05 dB 
bridging loss. Frequency response is flat 
over a 30-Hz to 3-MHz range. The input 
circuitry is protected against damage by 
ringing voltage, talk battery, telegraph 
and carrier battery. 

The 3555A includes a filter which per- 
forms the C-message weighting function 
and a quasi-rms detector which adds the 
noise voltages on a power basis (the 
Oscillator constitutes a measuring sys- 
CCITT weighting filter and others are 
available on special order). The 3-kHZ 
flat weighting is provided and the am- 
plifier output may be connected to a re- 
corder for long-term noise records, or will 
allow aural monitoring of the character 
of the noise. 

Using the 3555A Telephone Voltmeter 
in combination with the 236A Telephone 
tem that may be used for all types of 
telephone equipment. 

HP 3550A 
The H P  3550A Portable Test Set was 

designed specifically for transmission line 
testing and for such applications as align- 
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Figure 3. 3555A simplified black diagram. 

Oscillator, allows rapid measurement of 
frequency response, gain and loss on voice 
and carrier facility and metallic noise and 
noise-to-ground of a voice or program 
facility. This telephone voltmeter features 
internal battery operation as well as CO 
battery or ac power. It is conveniently 
portable and completely enclosed in a 
splash-proof case, and is reliable over a 

ment and maintenance of multi-channel 
communication systems. The test set con- 
sists of a wide-range oscillator, an elec- 
tronic voltmeter and a patch panel con- 
taining attenuators and line-matching 
transformers. The instruments are oper- 
ated from a rechargeable, battery power 
source, making it usable in the field. 

The heart of this test set is the 353A 

Patch Panel which adapts the oscillator 
and voltmeter to specific telephone usage. 
The patch panel has input and output 
sections acting as a source and receiver 
for the transmission line. The output sec- 
tion has an attenuator and an impedance- 
matching device which matches the oscil- 
lator's 600-ohm output impedance to 135, 
600 and 900 transmission-line imped- 
ances. The center-tapped transformers 
give balanced outputs and inputs with 
bridging or terminated capabilities. The 
accurate attenuator gives 110 dB attenua- 
tion in 1 dB steps. 

The H20-204B Option 02 Oscillator 
frequency is 5 Ht to 560 kHz in five 
ranges, and the 403B Option 01 Volt- 
meter has ranges from 0.001 to 300 V 
full scale in 12  ranges. Thus, a complete 
telephone measuring set is contained in 
one portable package. 

The H02-353A Patch Panel has special 
telephone jacks which will accommodate 
Western Electric 309 and 310 plugs. The 
Hold function is included along with a 
23 dB attenuation position utilized by a 
lever switch. 

The H03-353A Patch Panel will ac- 
commodate Western Electric 309, 310 
and 241 plugs, and a lineman's handset. 
The Hold function is included along with 
a 23 dB attenuator. 

The H05-332A and H05-334A are 
standard HP Models 332A and 334A 
Distortion Analyzers modified for use in 
the broadcast industry. The front-panel 
voltmeter reading is in dBm, and a 
switchable lowpass 3O-kHz filter is added. 

The low noise and wide dynamic range 
of the Model 312A Wave Analyzer make 
it useful for many telephone applica- 
tions, including measurement of system 
flatness, analysis of distortion and inter- 
modulation (cross-talk) in carrier sys- 
tems, and measurement of noise levels. 
Model 313A Tracking Oscillator pro- 
vides this function for the 312A Wave 
Analyzer. Semi-automatic plots of ampli- 
tude vs. frequency can be made using the 
Model 297A Sweep Drive and an X-Y 
Recorder. 

Test equipment for microwave relay 
systems is manufactured in a wide vari- 
ety by Hewlett-Packard. Three test sets 
(Models 623B, 624C, and 5636, page 
351) each include a signal generator, 
power meter, and frequency meter for 
measurement of receiver sensitivity and 
selectivity, transmittter tuning and power 
level in the microwave region. 

Microwave sweep oscillators, described 
on page 362, are available in special ver- 
sions with frequency ranges that cov- 
er specific microwave communications 
bands. 

Included in the oscillator, amplifier and 
voltmeter sections of this catalog are 
many instruments which may be used in 
the telephone industry. 
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Features 
Oscillator - battery or ac operated. 5 Hz to 560 kHz, 

amplitude variation within 5 3 % .  
Voltmeter- battery or ac operated. 5 Hz to 2 MHz; 

reads in volts and dBm from -75 to - 5 2  dBm. 
Patch Panel (353A) -matches both oscillator and volt- 

meter to 135, 600 and 900-ohm systems; provides 110 
dB attenuation in 10-dB and l -dB steps. 

Telephone Patch Panels (H02-353A, H03-353A) : holding 
coils provided; 23 dB attenuator to conform to standard tele- 
phone levels of +: and -16 dBm; 135, 600 and 900-ohm 
balanced input and output impedances; Dial/Talk function 
switch for use in active telephone circuits; standard Western 
Electric connectors. 

Uses 
Align and maintain multichannel communication systems. 
Align and maintain long distance and local telephone cir- 

Measure gain, attenuation and frequency response. 
1Me a su r e amp  1 i fi er char  act er i s t ic s wi thout  troublesome 

ground loops. 
Escellent source of balanced PV signals for testing differen- 

tial amplifiers. 

The H P  Model 3550A Portable Test Set is designed specifi- 
cally to measure transmission line and system characteristics 
such as attenuation, frequency response or gain. It is particu- 
larly useful for lineup and maintenance of multichannel com- 
munication systems. Model 3550A contains a wide-range 
oscillator, a voltmeter, and a patch panel to match both the 
oscillator and the voltmeter to 135, 600 and 900-ohm lines. 
These instruments are mounted in a combining case equipped 
with a splash-proof cover. In addition, the oscillator, voltmeter 
and patch panel may be used separately whether they are in 
or removed from the combining case. 

Both the oscillator and voltmeter are transistorized and 
operate from their internal rechargeable batteries or from the 
ac line. The batteries provide 40 hours of operation between 

cuits, both wet and dry. 

charges and are recharged automatically during operation from 
the ac line. 

Versatile components 
The oscillator has a frequency range of 5 Hz to 560 kHz, and 

its output is fully floating isolated from instrument case and 
power line (see 204B, page 324). 

The voltmeter (see 403B, page 195)  features a sensitive 
range, I mV full scale, for measuring voltages as small as 
100 pV rms from 5 Hz to 2 MHz. A dB scale, which is at the 
top of the meter face for better resolution, also permits mea- 
surement from -75 to + 5 2  dBm. 

The patch panel portion of the test set (353A) includes a 
precision attenuator, variable in 1 dB steps to 110 dB and two 
sets of impedance-matching transformers which match both 
oscillator and voltmeter to 135-, 600- and 900-ohm lines. One 
set of transformers also terminates the line in 10 k ohms for 
bridging measurements. 

Both oscillator and voltmeter are solid-state and operate 
from their own internal rechargeable batteries or from the ac 
line. The batteries provide 40 hours of operation between 
charges and are recharged automatically during operation from 
the ac line. 

Telephone versions 
Two special versions of the 353A available on special order 

are the H P  Model H02-353A and H03-353A Patch Panels de- 
signed specifically for the telephone industry. The Model H02 
or H03 offer convenience in testing of telephone circuits, both 
active and passive. Both versions provide matching to 135-, 
600- and 900-ohm balanced lines and can be mounted in place 
of the 353A in the 3550A Portable Test Set. 

The H02-353A features a holding coil a t  the Send terminals, 
and the H03-353A features holding coils at the Rec and Send 
terminals which permit testing of active telephone lines a t  
voice, as well as carrier frequencies. A single-step 23 dB atten- 
uator enables the operator to select standard telephone levels 
of + 7 dBm and - 16 dBm. Jacks have been supplied to accept 
standard telephone type plugs. 
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Specifications, 3550A 
Oscillator (H20-2048 Option 02) 

Frequency range: 5 Hz to 560 kHz in 5 ranges, vernier. 
Dial accuracy: k 3 % .  
Frequency response: k0.25 dB into rated load. 
Output impedance: 600 ohms. 
Output: 10 m W  (2.5 V rms) into 600 ohms; 5 V rms open 

Distortion: less than 1%. 
Hum and noise: less then 0.05%. 
Temperature range: -20°C to + 50°C. 
Price: H P  H20-204B Option 02, $405 when purchased sep- 

circuit; completely floating (isolated). 

arately. 
Voltmeter (403B Option 01) 

Frequency range: 5 Hz to 2 MHz. 
Accuracy: within kO.2 dB of full scale from 10 Hz to 1 

MHz; within k 0 . 4  dB of full scale from 5 to 10 Hz and 
1 to 2 MHz, except k 0 . 8  dB 1 to 2 MHz on the 300 V 
range (0°C to +50°C).  

Meter: individually calibrated, taut band. Responds to aver- 
age value of input waveform and is calibrated in the rms 
value of a sine wave. 

Nominal input impedance: 2 megohms; shunted by approx- 
imately 50 pF on 0.001 volt to 0.03 volt ranges, 25 pF on 
0.1 volt to 300 volt ranges. 

DC isolation: signal ground may be k 5 0 0  V dc from external 
chassis. 

Price: H P  403B Option 01, $335 when purchased separately. 
Patch panel (353A) 

Input (receiver) 
Frequency range: 50 Hz to 560 kHz. 
Balance: better than 70 dB at 60 Hz for 600 ohms and 

900 ohms; better than 60 dB at 1 kHz for 600 and 900 
ohms; better than 40 dB over entire frequency range 
for 135, 600 and 900 ohms. 

Frequency response: k O . 5  dB, 50 Hz to 560 kHz. 
Impedance: 135,  600, 900 ohms and Bridging (10 k ) ;  

Insertion loss: less than 0.75 dB at 1 kHt.  
Maximum level: + 2 2  dBm (10 V rms at 600 ohms).  

Frequency range: 50 Hz to 560 kHz. 
Balance: same as Input (receiver). 
Frequency response: k 0 . 5  dB, 30 Hz to 560 kHz. 
Impedance: 135, 600 and 900 ohms, center-tapped. 
Insertion loss: less than 0.75 dB at 1 kHz. 
Distortion: less than I%, 50 Hz to 560 kHz. 
Maximum level: + 2 2  dBm (10 V rms at 600 ohms). 
Attenuation: 110 dB in 1 dB steps; accuracy, 10 dB sec- 

tion: error less than k0.25 dB at any step; accuracy, 
100 dB section: error is less than k O . 5  dB at any step. 

Connectors: two 3-terminal binding posts for external circuit 
connection and two BNC female connectors for oscillator 
and voltmeter connection. 

center-tapped. 

Output (source) 

Price: H P  353A3, $260 when purchased separately 

Available Telephone Patch Panels 
Patch panel (H02-353A) 

Attenuator: 23 dB k 0 . 5  dB (1-step slide switch). 
Hold circuit (Send terminals) 

(Same as Model 353A except as indicated below). 

Frequency response: 300 Hz to 3 kHz i ' / z  dB, 1 kHz refer- 

DC resistance*: 240 ohms NOMINAL. 
Maximum dc current: 100 mA. 
Maximum dc voltage: 150 volts. 

series wi th the holding coil may be added, 

ence. 

*If additional dc resistance is required i n  the holding coil circuit, a resistor in 

H02-353A H03-353A 

Connectors: special telephone jacks to accept Western Elec- 
tric No. 309 and 310 plugs. Sleeve jack is connected to 
sleeve of jacks 309 and 310. 
Two 3-terminal binding posts for external circuit connec- 

Two-terminal (TEL SET) connector for handset. 
Two BNC female connectors for Oscillator and Voltmeter 

Price: H P  H02-3550A (H20-204B Option 02, H02-353A, and 

Patch panel (H03-353A) 

Hold circuit (Rec terminals) 

tion. 

connection. 

403B Option Ol),  $1270. 

(Same as Model 353A except as indicated below). 

Frequency response: 300 Hz to 3 kHz 

DC resistance*: 240 ohms NOMINAL. 
Maximum dc current: 100 mA. 
Maximum dc voltage: 150 volts. 
Attenuation: 23 dB t0.5 dB (1-step slide switch). 

Frequency response: 300 Hz to 3 kHz k'/2 dB, 1 kHz refer- 

DC resistance*: 240 ohms NOMINAL. 
Maximum dc current: 100 mA. 
Maximum dc voltage: 150 volts. 
Connectors: special telephone jacks to accept Western Elec- 

tric No. 309, 310 and 241 at Send and Rec terminals. 
Sleeve jack is connected to sleeve of jacks 309 and 310. 
Two-terminal (TEL SET) connector available for handset. 
Two BNC female connectors for Oscillator and Voltmeter 

Price: H P  H03-3550A (H20-204B Option 02, H03-353A and 

General 

dB, 1 kHz refer- 
ence. 

Hold circuit (Send terminals) 

ence. 

connection. 

403B Option Ol),  $1270. 

Power: (identical specifications in both voltmeter and oscil- 
lator) : 4 rechargeable batteries (furnished) ; 40-hour op- 
eration per recharge, up to 500 recharging cycles; recharg- 
ing circuit is self-contained and functions automatically 
when instrument is operated from ac line (115 or 230 volts 
&lo%,  50 to 1000 Hz, approx. 3 watts) .  

Dimensions: 83/ "  high, 19%" wide, 13%" deep (with cover 
installed) (213 x 489 x 367 m m ) .  

Weight: net 30 Ibs (133  kg) ; shipping 40 Ibs (18 kg) .  
Accessories available: 105054 Cable, BNC-to-BNC, $6.50; 

11002A Test Leads, banana-plug-to-alligator clip, $7.50. 
Accessories furnished: detachable power cord; two 11035A 

Cables (1  foot long, dual banana-plug-to-BNC) ; splash- 
proof cover and storage compartment. 

Price: H P  3550A (H20-204B Option 02, 353A and 403B 
Option Ol),  $1150. 
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TELEPHONE VOLTMETER 
TMS when used with 236A Telephone Oscillator 
Model 3555A 

3555A 

Features 

Noise and level measurements in one package 
3 kHz flat and C-message weighting network 
Flat frequency response (30  Hz to > 3 M H z )  
Balanced 75, 135, 150, 600, 900R 

and bridging (100 kn) inputs 
Operates from CO battery, internal battery or ac line 
Standard telephone jacks 
Input protected against accidental overload 
Pushbutton function control 
Lightweight, portable, transistorized design 

Uses 

Align, test and maintain telephone circuits, 

Test gain and loss on voice, program or 

Check metallic noise and noise to ground 
Aural identification of source of noise 
Test wire, cable and coaxial carrier systems 
Make accurate and reliable measurements even at 

A complete transmission measuring set with 236A 

both wet and dry 

carrier facilities 

temperature and humidity extremes 

Description 
The solid-state H P  3555A Telephone Voltmeter is a uni- 

versal instrument for solving common measurement prob- 
lems in the telephone industry. Its wide and flat frequency 
response makes it applicable for voice, program and carrier 
frequencies. The  multiple input impedances, easily selected 
by pushbutton switches, make it usable for any type of tele- 

phone transmission line in the United States or internation- 
ally. 

The  dial function permits connecting a lineman’s handset 
for dialing, The  Hold function will maintain an off-hook 
condition while the measurement is being made. 

Noise measurements 
The  3555A Telephone Voltmeter includes a filter which 

performs the C-message weighting function ( the CCITT 
weighting filter is available on special order) and a 3-kHz 
flat weighting for voice frequencies. These are selected by 
a lever-action switch. A quasi-rms detector adds the noise 
voltages on a power basis. Balance measurements may be 
easily made by measuring both noise-metallic and noise to 
ground. The  sensitivity of the voltmeter is such that 0 dBRN 
can be measured directly. These measurements of noise give 
a quantitative measure of noise but do not identify the char- 
acter or source. 

Source of noise 
Induced power-line voltage, crosstalk and thermal sources 

present noise problems, and it is important to identify the 
source. Induced power-line voltage and its harmonics is 
prevalent. Some indication of this can be obtained by noting 
the difference in noise readings on the 3-kHz flat and on 
the C-message functions. A substantially higher reading in 
3-kHz flat mode usually indicates the presence of excessive 
power-line noise. For further aid in identifying noise, the 
lineman’s handset may be used to aurally monitor the char- 
acter of the noise at the amplifier output. A recorder may be 
connected to the monitor jacks for observing long-term 
changes in noise level. 
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T h e  3555A Telephone Voltmeter selects the function by 
convenient pushbuttons, while range is selected by a rotary 
switch. Lever-action switches select weighting and bridging- 
terminate. A taut-band, individually calibrated logarithmic 
meter calibrated indBm or d B R N  indicates the voltage or 
noise level with 0.1 dB resolution on a linear dB scale. 

Differential amplifier provides balanced input 

T h e  balanced inputs are achieved by a differential ampli- 
fier circuit making possible bridging impedances over 100 
k n  giving less than 0.05 dB bridging loss. Frequency re- 
sponse is flat over the range of 30 Hz to 3 MHz.  

Terminated measurements are provided by switching 
proper balanced termination across the incoming line and 
adjusting the gain accordingly for a dBm readout regardless 
of line impedance. This eliminates the necessity for correc- 
tion factors. T h e  accuracy of the termination is I%, giving 

a return loss of at  least 40 dB. T h e  terminations are all ac- 
coupled with a blocking capacitor to prevent a false holding 
condition and to avoid damage to the terminating resistors 
by the dc loop current. All input circuitry is protected against 
damage by ringing voltage, talk-battery, telegraph and 
carrier battery. 

This instrument, which contains an internal battery, can 
also be operated from an ac power line or the 48 V CO 
battery. It includes a device for automatically turning off the 
power switch when the cover is replaced. 

Transmission measuring set (TMS) 

The 3555A Telephone Voltmeter, when combined with 
the 236A Telephone Oscillator, can be used as a transmission 
measuring set. It is ideal for noise and level measurements 
on voice and carrier facilities. (See page 2 9 2 ) .  

Specifications 

Level measurement 

Range: -80 dBm to +30 dBm full scale in 1 2  ranges. 

Frequency range: 30 Hz to > 3 MHz.  

Level accuracy: -60 to + 3 0  dBm; t O . l  dB, 100 Hz to 
20 kHz. -60 to + 30 dBm; ~ 0 . 2  dB, 30 Hz to 1 MHz 
(-3 dB at 3 M H z ) .  -80 to -70 dBm; t 0 . 2  dB, 30 
Hz to 20 kHz. 

Input impedance 

lanced. 
Terminated: 75, 135, 150, 600, 900 ohms t l %  bal- 

Bridging: 100 k ohms balanced. 
Voltmeter automatically reads in dBm regardless of 

impedance selected. 

Noise measurement 

Range: +lo dBrn to + I 2 0  dBrn full scale in 1 2  ranges. 

Accuracy: 2 1  dB 

Weighting networks: 3 MHz flat, 3 kHz flat, C-message 
(reference noise -90 dBm at 1 kHz) ,  1951 CCIF 
(CCITT)  (optional) (other networks available on 
special order.) 

Input impedance 
Noise metallic: 75, 135, 150, 600, 900 ohms 5 1 %  

balanced. 

Bridging: 100 k ohms balanced. 

Noise to ground: 80 k ohms across line; 100 k ohms 
to ground. 

General 
In put balance 

> 7 0  dB, 30 Hz  to 30 kHz. 
> 6 0  dB, 30 kHz to 100 kHz. 
> 4 0  dB, 100 kHz to 3 MHz.  

Input isolation: 2 5 0 0  V dc between input and chassis 
ground. Input circuit will withstand 48 V dc CO bat- 
tery with superimposed 90 V rms 20 Hz ringing volt- 
age, or t 1 3 0  V carrier supply. 

Residual noise: -60 dBm range, <-80 dBm; -30 
dBm range, < -100 dBm ( 3  kHz flat and C-message 
weighting only). 

DC holding coil: 700 ohms *lo% dc resistance; 60 mA 
max. loop current at 100 Hz. 

AC monitor: 1 V rms with 10 k ohms output impedance. 
Output available at dial jacks. 

DC monitor: 1 V with 2 k ohms output impedance. Jack 
accepts 310 plug. 

Input jacks: accepts standard 241, 309 and 310 plugs. 
Binding posts accept banana plugs, spade lugs, phone 
tips or bare wires. Binding posts with shorting link for 
sleeve and ground terminals. 

Dial jacks: accepts standard 309 and 310 plugs. Clip posts 
accept Western Electric 101 I B  lineman’s handset. 

Operating temperature range: O°F to 120°F, 95Yc R.H.  
at 100°F. 

Power requirements: 115 V klOyc 50 to 1000 Hz  1 W, 
or single NEDA 202 45 V “B” battery (included). 
48 V C O  battery at jack accepting 310 plug (t ip 
negative). 

Dimensions: 7%“ wide, l O l / , ”  high, 8” deep (196,s x 
266,7 x 203,2 m m ) .  

Weight: net: 11 Ibs ( 5  k g ) ;  shipping, 1 5  Ibs ( 6 , s  k g ) .  

Price: H P  3555A, $525. 
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The solid-state H P  236A Telephone Test Oscillator is 
designed specifically to deliver transmission test signals. 
It is particularly useful for line-up and maintenance of 
telephone voice and carrier systems. 

Any frequency between 50 Hz and 560 kHz may be se- 
lected in four ranges to an accuracy of t 3 p .  Frequency 
response is flat over the entire range at any attenuator set- 
ting. The  oscillator is fully transistorized, and internal heat 
production is small, resulting in unusually low warmup drift. 
Advanced feedback techniques insure excellent frequency 
and amplitude stability even under temperature extremes. 
Its output is fully floating and balanced, isolated from 
power-line ground and instrument case. Low-current drain, 
solid-state circuitry results in exceptionally long battery life 
with hum and noise 65 dB below total output. 

Output jacks are standard telephone types to facilitate 
patching into standard test boards. A front-panel switch 
selects 135 ,  600 or 900-ohm output impedance. These out- 
puts are balanced to ground and the impedance of each is 
controlled over the specified frequency range. The  phase 
angle of the output impedance is low to maintain a true 
resistive source. 

The  output circuit includes two transformers preceded by 
step attenuators which, together, adjust output power over 
a 41 dB range ( + l o  to -31 dBm),  in 10 dBm, 1 dBm, 
and 0.1 dBm steps having an overall accuracy of 0.1 dB over 
the entire range. 

A front-panel control permits calibration of the output 
power level. Frequency response of the instrument is better 
than 2 0 . 3  dB. 

A front-panel meter monitors the 45 volt dry cell battery 
or the 115/230 V ac regulated power supply. The  dry cell 
will provide in excess of 180 hours of operation of the os- 
cillator on a 3 hr/day discharge cycle at 70°F. 

Features: 
Flat frequency response 
+ l o  to -31 dBm output in 0.1 dBm steps 
Balanced outputs, 135-600-900 ohms 
Standard telephone jacks 
Hookswitch control 
Holding coil and dial jacks 
Operates from battery or ac line 
Lightweight, portable, transistorized design 

Uses: 
Align, test and maintain telephone circuits, both 
wet and dry 
Align, test and maintain carrier systems 
Test manual switchboards and PBX systems 
Make accurate and reliable measurements even at 
temperature and humidity extremes 
Balanced signal source for bridges 

Specifications 
Frequency range: 50 Hz to 560 kHz in 4 ranges. 
Frequency dial accuracy: &3y0,  
Frequency response: t 0 . 3  dB, 50 Hz to 560 kHz, 60°-800F. 

Output power: + 10 to -30 dBm in 0.1 dBm steps. 
Output power accuracy: k 0 . 2  dB at 1 kHz, 60°-800F. 
Output level accuracy: k 0 . 2  dB, + 10 to -31 dBm. 
Distortion: at least 40 dB below fundamental output. 
Noise: at least 65 dB below total output or -90 dBm, which- 

ever is greater. 
Output circuit: balanced and floating. May be operated up 

to t 5 0 0  V dc above case ground. 
Output impedance: 600 and 900 ohms t 5 7 0 ,  50 Hz  to 20 

kHz. 135 ohms & I O % ,  5 kHz to 560 kHz. 
Output balance: 600 and 900 ohms; 70 dB at 100 Hz, 55 

dB at 3 kHz. 135 ohms; 50 dB at 5 ‘kHz, 30 dB at 560 
kHz. 

Output connectors: jacks to accept WESTERN ELECTRIC 
No. 241, 309 and 310 plugs. Standard banana jacks on 
3/“ spacing for tip, ring, sleeve and case ground with re- 
movable shorting link between sleeve and ground ter- 
minals. 

Dial connectors: jacks to accept WESTERN ELECTRIC 309 
and 310 plugs. Clip posts on 3/4” centers for WESTERN 
ELECTRIC 1 o l l B  lineman’s handset clips. 

Hold circuit: 600 and 900 ohms only, 100 Hz to 20 kHz, 700 
ohms dc resistance, 60 mA max. current. 

Power supply: 115  or 230 V k l O 7 0 ,  50 to 1000 Hz, approx. 
1 watt, Internal 45 V dry cell (furnished) gives 180 hr. 
operation on a 3 hr/day discharge cycle at 70°F. 

Dimensions: 734’’ wide, IO?,$’’ high, 8-1/16” deep (196,9 
x 266,7 x 204,8 m m ) .  

Weight: net 13.5 Ibs ( 6 , l  k g ) ;  shipping 14  Ibs (6,4 kg).  
Price: H P  236A, $525.  

k O . 5  dB, 50 HZ to 560 kHz, 32”-120°F. 
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Frequency range Voltmeter range 

5 Hz to 30 kHz, 300 bV-300 V rms full 
switchable to 3 MHz scale i n  13 ranges, 10 d B  

per range, with flat re- 
5 Hz to 600 kHz, sponse 5 Hz to MHz 
harmonic indications 
to 3 MHz, i n  7 ranges 

5 Hz to 30 kHz; 
switchable to 3 MHz 

5 Hz to 600 kHz, 
harmon ic indications 
to 3 MHz, in 7 ranges 

DISTORTION ANALYZERS 
Meet FCC requirements 

Models H05-332A, H05-334A 

Price 

X X y!;i $730 

X 332A $620 

X X X ;.& $875 

X X X 334A $790 

Automatic fundamental Low pass High pass AM Model 
nulling filter filter detector 

H05-332A H05-334A 

Accurate distortion readings 
Two solid-state distortion analyzers offer extended fre- 

quency range, greater set level sensitivity, improved selectiv- 
ity, greater overall accuracy, and unprecedented ease of use. 
T h e  units meet FCC requirements on broadcast distortion 
levels, Both models measure total distortion down to 0.176 
full scale. The  Model H05-334A features automatic funda- 
mental nulling (>80 dB rejection), T h e  H05-332A and 
334A have a switchable low pass filter to reduce the effect of 
unwanted high frequencies (noise etc. ) when measuring 
lower frequency signals with high accuracy. Also included 
is a 3 M H z  voltmeter, 300 pV to 300 V full scale. Both 
models have an A M  detector covering 550 kHz to >65  MHz 
at carrier levels as low as 1 V. Refer to Table 1 for compari- 
son of features available in Hewlett-Packard Distortion An- 
alyzers that specifically fit the requirements of the broadcast 
industry. 

Automatic fundamental nulling 
Automatic fundamental nulling speeds up  the normally 

time-consuming portion of the measurement. This is done by 

manually nulling with the coarse tuning and balance controls 
to less than 10% of the Set-Level Reference, The  automatic 
mode is used to complete rejection of the fundamental on 
more sensitive ranges without any further manual tuning. 

Specifications 
See page 392 and 393 for detailed specifications. 

T h e  specifications for the H P  H05-332A and HO5-334A are 
the same as the specifications for the standard HP 332A 
and 334A except: 

A low-pass filter is added in the Model H05-332A and 
is substituted for a high-pass filter in the Model H05-334A. 

Lowpass filter: 4 pole, 3 dB down at 30 kHz 

Meter range switch: calibrated and referenced in dBm ( 0  

Price: H P  H05-332A, $730. 

Price: H P  Hoj -334A (same as HOj-332A except with auto- 

d B m = 1 m W i n t o 6 0 0 R ) .  

matic fundamental nulling), $875. 
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312A Waveform analyzer 
Model 312A permits analysis of complex wave forms 

whose spectra extend to 18 MHz.  The  Wave Analyzer uti- 
lizes the tuned-voltmeter technique to separate the various 
components of an input signal so that the fundamental, har- 
monics, and intermodulation products can be located and 
measured. The  instrument is particularly well suited for 
measurement in communications systems accommodating 
basebands to 18 MHz.  The  high selectivity, wide dynamic 
range, and high sensitivity of the 312A greatly simplify 
measurements such as distortion, attenuation, cross talk, fre- 
quency response, etc. Versatility is enhanced by three select- 
able bandwidths: 200 Hz for maximum resolution, 1,000 
Hz for simple calculations of noise power per Hz, and 3,000 
Hz for easy location of signals or operation as a receiver. 

For maximum flexibility, the 312A input may be operated 
either balanced or unbalanced. In the Terminated mode, the 
input signal is terminated in a selectable impedance of 50, 
60, 75,  124, 135, 150, or 600 ohms. The  meter indicates 
power in dBm absorbed by the selected impedance; in the 
50 ohms position, the meter also indicates voltage, In the 
Bridged mode, the input impedance is 20 kilohms balanced 
and 10 kilohms unbalanced. When bridging an externally 
terminated transmission line of the same impedance selected 
on the 312A, the meter indicates dBm. In this mode the 
312A can also indicate voltage by selecting the Volts Cali- 
brated position of the Impedance Selector. The  high imped- 
ance 11530A Probe can also be used for bridging measure- 
ments to eliminate the loading effect of the input cable on 
the circuit under test. The  Probe has zero insertion loss, so 
the meter reads directly. 

The  312A has two signal attenuators. One, at the input, 
prevents the applied signal from overdriving the input ampli- 
fier. The  second attenuator provides up to 60 dB attenuation 
in the I F  channel and permits measurement of signals which 
are at least 65 dB below a full-scale reference set on the 
O-dB position. Thus, low level distortion products may be 
readily measured. 

Tuning is accomplished in 18 overlapping bands. The  
frequency to which the analyzer is tuned is indicated by an 
in-line digital readout with 10-Hz resolution. Both the 
tuning and readout are referenced against a crystal oscillator 
whose stability is better than k 2  x per week; thus, a 
high degree of accuracy and stability, both long and short 
term, are assured. To facilitate measurements on drifting 
signals, an AFC mode can be selected. In this mode, the 
Analyzer locks to and follows input signals with drift rates 
as high as 100 Hz/second. Lock range is at least + 3  kHz. 

A carrier reinsertion oscillator is included in the 312A to 
provide for the demodulation of upper or lower single side- 
band signals (using 3-kHz bandwidth).  The  demodulated 
signal is available for aural or recording purposes. The  
analyzer also receives and detects A M  signals. 

For use with equipment requiring only 75-ohm unbalanced 
measurements, the H P  HO1-312A provides wave analysis 
capability to 22 MHz.  

313A Tracking oscillator 
H P  313A Tracking Oscillator provides a restored fre- 

quency or tracking output to complement the 312A Wave 
Analyzer. The  frequency of this output signal automatically 
tracks the center of the 312A passband, so the 312A and 
313-4 are excellent for analyzing the frequency response 
characteristics of amplifiers, filters, etc. 

The  output of the 313A is extremely flat over the entire 
frequency range and is calibrated in dBm. A precision 100- 
dB attenuator, calibrated in 0.1 dB steps, adds to the versa- 
tility. Together with the wide dynamic range of the 312A, 
the output flexibility of the 313A permits high values of 
gain and attenuation to be checked easily and accurately. 

The  3 13A can also be used to provide increased amplitude 
resolution by expanding selectable 2-dB ranges of the 312A 
meter to full scale on the 313A meter. Any 2-dB range be- 
tween -6 and + 3  dB on the 312A meter may be selected 
for display. Amplitude variations as small as 0.01 dB can 
be resolved. Thus, minute variations in filter passbands or 
long-term gain variations in a communications channel can 
be analyzed easily, 

The 313A can be operated as a signal source independent 
of the 312A Wave Analyzer. As such, the 313A has a fre- 
quency range from 10 kHz to 22 MHz in a single band. The  
output is extremely flat over the entire range and is adjust- 
able from + 10 to -99.9 dBm. 

Specifications, 312A 
Frequency range: 10 kHz to 18 MHz in 18 overlapping bands; 

200 kHz overlap between bands; usable to 1 kHz with 200 Hz 
bandwidth. 

Frequency accuracy: 2 1 0  Hz 2 time base accuracy; frequency 
indicated on in-line digital readout with +. 10-Hz resolution. 

Time base stability: aging rate: less than 2 2  parts in 10' per 
week; as a function of ambient temperature: $15 to +35"C, less 
than f 2 0  parts in IO'; 0 to +5S°C, less than 2 100 parts in 10'; 
as a function of line voltage: less than 2 1 part in 10' for changes 
of k l O q 3 .  

Selectivity: 
200 Hz 1000 Hz 3000 Hz 

Bandwidth Bandwidth Bandwidth 
Rejection Frequency Frequency Frequency 11 

3 dB 200 * 10% 1000 * 10% 3000 * 10% 
60 dB < 448 < 2240 < 6680 

Automatic frequency control: dynamic hold-in range, at least ? 3 
kHz; tracking speed, 100 Hz/sec maximum; locks on signals as 
low as 60 dB below zero reference with Amplitude Reference 
switch set to 0 dB. 

Amplitude range: -97 to $23  dBm full scale (-107 to t i 3  dB, 
for 600-ohm impedance); 3 pV to 3 V full scale (SO-ohm im- 
pedance) ; selected by Reference Level and Amplitude Range 
switches in steps of 10 dB  or 3:1;  noise level, referred to input 
(200 Hz bandwidth), -120 dBm (50-1503) ,  -130 dBm (600Q). 

Amplitude accuracy: 
Reference level (matched 50fi input): i o  kHz to i o  MHz, 

k 0 . 2  dB (*2% of full scale); 10 to 18 MHz, f0 .5  dB (f5% 
of full scale). 

Amplitude range: fO.l dB (*I% of full scale). 
Meter tracking: f 0.1 dB to -10 dB ( f 1% of full scale). 
Internal calibrator output: -40 dBm into 7 5 3  termination at 

1 MHz;  stability better than 2 0 . 1  dBm; output connector, 
BNC female. 
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312A 

313A 

Input impedance: 50, 60, 75, 124, 135, 150, 600 0, or bridging, 
balanced or unbalanced, selectable at front panel; bridging resis- 
tance, 20 kR balanced, 10 kR unbalanced; input capacitance less 
than 18 pF balanced, 35  pF unbalanced; input connector, BNC 
female ( 2 ) .  

Common mode rejection balanced input: 1 kHz to 5 MHz, 
greater than 40 dB; 5 to 18 MHz, greater than 30 dB. 

Residual responses: at least 75 dB below full-scale reference set 
on 0-dB position of Amplitude Range switch. 

Harmonic distortion: for input signals ’1 MHz, at least 65 dB 
below full-scale reference set on O-dB position of Amplitude 
Range switch; for input signals <1 MHz, at least 5 5  dB below 
full-scale reference set on 0-dB position of Amplitude Range 
switch. 

Receiver functions: internal carrier reinsertion oscillator is pro- 
vided for demodulation of either normal or inverted single-side- 
band signals; AM signals also can be detected; audio output level, 
0.5 V rms into at least 10 k 0  with full-scale meter indication; 
beat note output provides zero-beat output indication of center 
passband for C W  signals; output connector, BNC female. 

Recorder output: 1 V dc into an open circuit from 1 kR source im- 
pedance, for single-ended recorders; tracking accuracy, better than 
kO.1 dB to 20 dB below full scale reference on 0-dB position of 
Amplitude Range switch; output connector, BNC female. 

Auxiliary outputs: 1 MHz:  approximately 1 V p-p into 1 kR; out- 
put connector, BNC female; 30 MHz:  approximately 40 to 60 mV 
rms into 50a ;  output connector, BNC female; local oscillator (30 
to 48 MHz)  : approximately 60 to 80 mV rms into 5OR; output 
connector, BNC female. 

Dimensions: 16%“ wide, 10%” high, 18%’’ deep (426 x 274 x 
467 m m ) ;  hardware furnished for conversion to rack mount 19” 
wide, 10-15/32” high, 16%’’ deep behind panel (483 x 266 x 
416 mm) .  

Power: 115 to 230 V * l o % ,  50 to 400 Hz, 90 W. 
Weight: net 45 Ibs ( 2 0 3  kg) ; shipping 52 Ibs (23,4 kg ) .  
Accessory available: 11530A Probe, provides 40 k n  input resistance 

shunted by < 5  pF balanced, 20 k n  shunted by <IO pF  un- 
balanced; 0 dB insertion loss. 

Price: H P  312& $3900; H P  C01-312A, furnished with WE-465C 
coaxial input connector and WE-477B coaxial connector for the 
internal calibrator output, 83975. 

Specifications, H01-312A 
(same as 312A except) 

Frequency range: 10 kHz to 22 MHz in 2 2  overlapping bands. 
Reference level (matched 75n input): 10 kHz to 10 MHz, kO.1 

dB; 10 to 22 MHz, k 0 . 2  dB. 

Input impedance: 750, or bridging, unbalanced, selectable at front 
panel; bridging resistance, 10 k a ;  input capacitance <35 pF; input 
connector, WE-477B. 

Receiver output connector: accepts WE-289B twin plug. 
Internal calibrator output connector: WE-477B. 
Price: H P  H01-312A, $3900. 

Specifications, 313A 
Frequency range: tracking oscillator: same as 312-4 (usable to 

3 kHz) ,  tracks 312A tuning; internal oscillator: 10 kHz to 2 2  
MHz in one band. 

Frequency accuracy and stability: tracking oscillator: frequency 
accuracy same as 312A +35 i 4  Hz; frequency stability same as 
312A time base f l O O  Hz/’C; internal’oscillator: 1% dial ac- 
curacy. 

Output: 0 or + 10 dBm maximum (selectable on front panel) into 
500. 

Harmonic distortion: more than 40 dB below fundamental. 
Non-harmonic distortion: tracking oscillator: more than 50 dB 

below fundamental 10 kHz to 2 2  MHz at 25°C t l O ” C ,  more 
than 40 dB down, 0°C  to 50°C; internal oscillator: more than 
50 dB below fundamental 10 kHz to 22 MHz from 0 ° C  to 50°C. 

Frequency response: e 0 . 1  dB 10 kHz to 2 2  MHz. 
Meter mode: 312A expand: range, -1 to + I  dB; tracking error, 

k 0 . 0 5  dB over full 2-dB range (meter expands any 2-dB range 
of 312A meter indication from -6 to -t 3 dB, using 312A recorder 
output) ; output monitor: meter indicates input to attenuator 
(relative to maximum output) in dB; accuracy, *2% of full 
scale; frequency response, t 0 . 1  dB. 

Output attenuator: 3-section attenuator provides 0 to 99.9 dB 
attenuation in 0.1-dB steps. 

Output attenuator accuracy: 0.9-dB section (0.1-dB steps), i-0.02 
dB; 9-dB section (1-dB steps), t0.1 dB; 90-dB section (10-dB 
steps), e O . 1  dB to 50 dB, e O . 2  dB  to 90 dB; overall accuracy, 
i 0 . 2 2  dB to 60 dB, i 0 . 3 2  dB to 90 dB. 

Output impedance: 75R unbalanced; BNC female connector. 
Power: 115 or 230 V, 50 to 400 Hz, 30 W maximum. 
Dimensions: 16%’’ wide, 595’’ high, 18%’’ deep (426 x 141 x 

467 m m ) ;  hardware furnished for conversion to rack mount 19” 
wide, 5-7/32“ high, 1678’‘ deep behind panel (483 x 133 x 416 
mm) .  

Weight: net 2 5  Ibs (11,3 k g ) ;  shipping 30 lbs (13,5 kg ) .  
Price: HP 313A, $1250. 
Option 01: 

nector, no charge. 
output impedance 50n unbalanced: BNC Female con- 
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~ CONTINUOUS TV MONITORING -~ 

:/& WITH VITS TEST SIGNALS 
COMMUNICA TI0 NS 
TEST EQUIPMENT 

A brief description of the Vertical-Interval Test Signals being transmitten 
in TV channels for continuously checking channel quality. 

The Television networks, the individ- 
ual T V  broadcasting stations, and the 
Bell System are all concerned with im- 
proving the quality of the picture seen 
by the viewing public. In the day-to-day 
operation of the television networks, 
many changes are made in the intercon- 
nection of these transmission facilities. 
This includes changes in broadcasters’ 
facilities, chapges in local Telephone 
Company facilities, and changes in inter- 
exchange channels. Although designed 
for long term stable performance, no 
part of the overall network is immune 
to trouble. Since many of these troubles 
are temporary or transient, it is desirable 
that they be located quickly, while they 
are present. This means that trouble lo- 
cation must be done on an in-service 
basis, rather than by tests made on an 
out-of-service basis after the program 
is over. 

In addition, it is often difficult either 
to identify or to diagnose troubles from 
observation of the normal picture signal. 
Some more rigorous test signal is needed. 
The technique which seems to come 
closest to meeting these requirements and 
seems to hold the most promise is the 
use of Vertical Interval Test Signals 
(VITS ) . 

Vertical Internal Test Signals 
VITS are signals generated and trans- 

mitted by equipment provided by the 
broadcasters. They are keyed into des- 
ignated lines during the vertical blank- 
ing interval of the picture. These signals 
are then transmitted along with the nor- 
mal picture signal. They may be ob- 
served, and/or photographed, at appro- 
priate existing monitoring locations by 
network, Telephone Company, and local 
station personnel. They can be used for 
quantitative measurements. Appropriate 
comparison or analysis of the test results 
should facilitate trouble location during 
actual service. 

Vertical Interval Test Signals may be 
inserted on any of the lines between 16 
and 20 of either or both fields. The three 
VITS waveforms are: 

1. Multiburst: White bar followed by 
bursts of 0.5 MHz, 1.5 MHz, 2.0 MHz, 
3.0 MHz, 3.6 MHz, and 4.2 MHz. This 
signal gives a quick check of the ampli- 
tude vs. frequency response of the chan- 
nel. The six bursts have equal amplitudes 
if the response is correct, and vice versa. 
T o  check that the multiburst baseline is at 
the same level for each burst, the sine 
waves are removed with a low pass filter. 

2. Sine-Squared Pulse and Bar: Pulse 
with sine-squared shape and half-ampli- 
tude duration of either 0.125 psec ( T  
pulse), 0.0625 psec (T/2 pulse), or 0.25 
psec ( 2  T pulse), followed by bar with 
sine-squared leading and trailing edges 
and duration of one-half line. A sym- 
metrical sine-squared pulse indicates that 
the phase characteristic of the channel is 
correct, and vice versa. Droop on the top 
of the bar indicates poor mid-frequency 
response. Overshoots or ringing indicate 
poor transient response. 

3. Modulated Stairsteps: 10 equal steps 
going from black level to white level with 
burst of 3.58 MHz sine wave on each 
step. This signal is used for checking the 
channel for differential gain (variations 
in gain with signal amplitude) and dif- 
ferential phase. Low frequency Differ 
entia1 gain is checked by filtering out 
the 3.58 MHz sine waves with a low pass 
filter and checking the steps for equal 
amplitudes. Differential gain at 3.58 
MHz is checked by filtering out the steps 
with a band pass filter and checking the 
bursts for equal amplitudes. 

Types of distortion 
Both black-and-white and color tele- 

vision are degraded by distortion in the 
following characteristics of the transmis- 
sion system: 

1. Frequency response (amplitude VS. 

frequency) : High frequency rolloff 

which starts at too low a frequency or 
occurs at too fast a rate causes the T V  
picture to look soft and lack detail. Color 
T V  viewing tests have indicated that 
viewers can detect amplitude variations 
of only 1 or 2 dB in the frequency re- 
sponse, if the variations occur near the 
color subcarrier frequency. 

2. Phase Response (phase vs. fre- 
quency) : The phase response of a trans- 
mission system should be linear with 
frequency (constant time delay for all 
frequencies) up to 4 .2  MHz and beyond. 
Deviations will cause lack of clarity and, 
in color, hue shift. Phase delay distor- 
tions as small as 2 0 . 1  psec at the higher 
frequencies are easily detected by view- 
ers. 

3.  Transient Response: Transient re- 
sponse includes both amplitude and 
phase response. If the phase characteris- 
tics of the system are not ideal, a black 
bar may appear at the leading or trailing 
edge of a sharp black-to-white transition. 
In a color picture, hue will be shifted 
with respect to outline; e.g., the red of 
an apple will be shifted with respect to 
the outline of the apple. Poor low-fre- 
quency response may cause streaking in 
the picture. 

4. Differential Gain and Differential 
Phase (gain and phase vs. signal ampli- 
tude):  Variations in gain with signal 
amplitude will cause white or black areas 
to shift towards gray, or color desatura- 
tion and a washed-out appearance. Vari- 
ations in phase with amplitude are most 
harmful to color signals, and result in 
hue shift as a function of signal ampli- 
tude: saturated yellow, for example, may 
appear green or orange, so that a dress 
which appears yellow in dim light may 
change to green or orange in bright light. 

In the VITS system, frequency re- 
sponse is checked by the multiburst sig- 
nal, phase and transient responses are 
checked by the sine-squared pulse and 
bar, and differential gain and phase are 
detected by modulated stairsteps. 

Osc i l l og rams  m a d e  w i t h  HP M o d e l  191A TV W a v e f o r m  Osci l loscope d i sp lay ing  Ver t i ca l  I n te rva l  Tes t  S ignals ;  M u l t i b u r s t  S igna l  ( lef t ) ,  Sine.squared 
Pulse a n d  B a r  (center) ,  a n d  M o d u l a t e d  S ta i r s tep  (r ight) .  
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Displaying the T V  video waveform and the new test signals, 
and making accurate measurements of them, calls for an oscil- 
loscope with special capabilities, plus unusual accuracy and 
stability. These requirements are met by the H P  Model 191A 
Television Waveform Oscilloscope which displays and mea- 
sures black-and-white and color T V  video signals and VITS. 

Video and test signals 
T V  picture information occurs at a rate of 30 pictures, or 

frames, per second, each frame consisting of two fields of 262% 
lines each. Lines 1 to 21 of each constitute the vertical blanking 
interval, which produces the black areas between frames on a 
T V  receiver. The other lines contain the picture signals. Each 
line consists of a horizontal sync pulse of maximum carrier 
amplitude followed by the picture signals, which are used to 
intensity modulate the electron beam (or beams, in color re- 
ceivers) of the T V  picture tube. 

Precision measurements with 1 yo accuracy 
The Model 191A is a precision instrument of advanced de- 

sign. It is capable of measuring signal amplitudes with 1% 
accuracy, which is a capability not usually found in oscillo- 
scopes of any type. I t  produces bright, sharp displays of fast 
pulses that have low repetition rates. Its frequency response 
and phase characteristics are carefully controlled not only 
within the nominal bandwidth, but also on the roll-offs or 
skirts of the response curves. Its differential input amplifier 
has high common mode rejection over an unusually wide fre- 
quency range. Transient response is also controlled to insure 
high-fidelity reproduction of the test signals. 

The 1% accuracy of the Model 191A is achieved by means 
of stable, wideband amplifiers and passive filters of special 
design, by a mesh-type CRT with extremely constant deflection 
sensitivity over the entire display, by an internal graticule with 
a new type of flood gun illumination, and by an advanced CRT 
gun structure which produces a sharper spot. Brightness is 7 .5  
times that of most oscilloscopes, made possible by the new gun 
structure, which delivers more current to the screen in a sharper 
spot, and by the mesh structure, which makes it possible to 
use a 20 kV accelerating potential without losing deflection 
sensitivity. 

The Model 191A displays VITS and video signals without 

discernible jitter. This results from the use of logic circuits for 
positive selection of the portion of the waveform to be dis- 
played, and from the use of a special synchronizing circuit 
which works well even with very noisy input signals. 

Front panel controls permit easy selection of the displays 
that are needed in television testing. Discrete selection is pro- 
vided for the parts of the video signal which contain the VITS. 
Five special vertical-amplifier gain-filter combinations are avail- 
able for distortion tests using VITS waveforms. 

For minimum size and weight and maximum reliability, the 
oscilloscope is all solid-state except for the CRT. It is designed 
to operate at temperatures between -20°C and +65"C and 
at high altitudes, so that it can be used in hot locations which 
are crowded with electronic equipment or in mountain-top 
radio relay stations. 

T V  waveform oscilloscopes like the Model 191A are used 
in the Television Operating Centers of the intercity T V  net- 
work where video signals are adjusted and switched to the 
proper channels. Television broadcasting stations also use T V  
waveform oscilloscopes in their master control consoles, in 
video tape recorders, in adjusting both black-and-white and 
color cameras, and in monitoring incoming network programs. 

Specifications 
Vertical amplifier 

Input circuit: loop through type. 
Terminated: 7 5  ohms unbalanced; 124 ohms balanced. 
Unterminated: 12.5 k ohms unbalanced; 25 k ohms bal- 

Power off-on transient: less than 5 mV. 
Transient protection: 100 V with rise time no less than 1 

Common mode rejection: -40 dB from 0 to 2 MHz; de- 
creasing at 6 dB/octave from 2 MHz to 20 MHz. 

Gain control: selectable, fixed or variable; variable provides 
140 IRE deflection for composite T V  video signal from 
0.2 V to over 2 V pk-pk amplitude. 

DC restorer: On, restores to the back porch, color burst effect 
on the display will be less than 2 IRE; Off, restores to the 
average value of the input signal. 

Calibrator: with input switch set to Cal, automatically 
switches vertical channel to flat filter mode, horizontal 

anced. 

psec. 
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sweep to 2 V mode, and applies a 120 Hz, 0.714 volt 2 1 %  
signal to the vertical amplifier. 

Probe input: input RC, 1 megohm shunted by 2 5  pF; when 
used with X10 attenuation probe, 10 megohms shunted 
by 10 pF. 

Filters 
Flat: +15”C to +35”C: 20.05 dB from 100 Hz to 1.5 

MHz decreasing to -0.05 t 0 . 0 5  dB at 4.5 M H t ;  -20°C 
to +65”C: decreasing to t O . 1 5  dB from 100 Hz to 1.5 
MHz, -0.1 t 0 . 2  dB at 4.5 MHz, - 3  dB at 10.5 MHz, 
and -20 dB at 20 M H t ;  rise time less than 50 nsec; less 
than 1% tilt on 60-Hz square-wave with dc restorer off. 

IRE: standard roll-off as specified by IRE (1958 IRE Journal, 
page 23.S1) ; 20 dB down at 3.58 MHz. 

Chrominance: band-pass filter with Q of 4 and center fre- 
quency of 3.58 MHz. 

Differential gain: same response as Chrominance with 14 dB 
additional gain. 

LOW pass: more than 30 dB down at 0.500 MHz t0 ,015  
MHz; 40 dB down at 1.5, 2.0, 3.0, 3.6, and 4.2 MHz; less 
than 2 dB down at 0.15 MHz. 

Horizontal sweep 
Internal sweep: 

2V (2 .5  msec/cm): t 5 %  for X1, X10, and X25 magni- 
fication. 

2H (10 psec/cm): *3% for X1 and X10; t 5 %  for X25 
magnification. 

H-Line select (10 psec/cm) : discrete line selection for lines 
16 through 21; variable line selection for all lines in the 
entire field. 

Free run (10 Gsec/cm): envelope display for video setup. 
External inputs: two inputs to sync oscilloscope to external 

T V  sync generators; staircase input to accept a 4-step 
staircase for WRGB (may be modified to accept a 3-step 
staircase). 

RGB operation: 
H-RGB: displays 3 or 4 line parade. 
V-RGB: displays 3 or 4 field parade. 
Expand mode allows 10-cm overlay display. 

sensitive to noise pulses. 
Field select: positive selection of either field; circuit is in- 

Blanking: decoupled to remove trace with no signal input. 
Linearity: 2 1.0% of full scale. 

Cathode ray tube: post-accelerator, 20 kV accelerating po- 
tential; aluminized P31 phosphor; high writing rate for 
viewing of sine-squared TI2 pulse. 

Graticule: 8 cm x 10 cm parallax-free internal graticule; 
140 IRE units = 7 cm; vertical and horizontal trace 
alignment controls; external graticules available for sine- 
squared pulse-and-bar, video modulation, etc. 

Bezel: provision for external transparent plate with graticule 
markings; provision for illuminating both internal and 
external graticules. 

CRT display 

General 
Design: all solid state (except forCRT)on plug-in printed 

Power: 115  or 230 volts + lo%,  50 to 400 Hz; approx. 70 

Temperature: operating range from -20°C to +65”C unless 

Environmental: meets Bell Telephone Laboratories KS-19763 

circuit boards. 

W (no fan) .  

otherwise noted. 

environmental specifications. 

Altitude: operates at 15,000 feet above sea level. 
Line bright output: supplies both video and line bright gate 

to the associated picture monitor; line bright gate pulse is 
supplied in variable H-line select only. 

Accessories supplied: two plug-in extender boards for ser- 
vicing, and rack-mount kit. 

Dimensions: 16%” wide, 5 ? 4 ”  high, 21%”  deep overall 
(426 x 133 x 546 m m ) ;  hardware furnished for quick 
conversion to 5’’ x 19’’ (127 x 483 mm) rack mount. 

Weight: net 34 Ibs (15,3 kg) ;  shipping 39 Ibs (17,6 kg) .  
Price: H P  Model 191A, $1295. 

Special order: chassis slides and adapter kit; fixed slides, order 
H P  Part No. 1490-0714, $32.50; pivot slides, order H P  Part 
No. 1490-0720, $37.50; slide adapter kit for mounting slides 
on scope, order H P  Part No. 1490-0721, $20. 

Camera: H P  Model 197A Camera mounts direct, adapters 
available for other cameras. 

Front panel cover: cover attaches to front of scope for pro- 
tection during storage or transportation, order H P  Part 

Arnplifiei boards: consists of three printed circuit boards for 
calibration of the Model 191A vertical amplifier, order 
H P  Part No. 00191-69501, $160. 

External graticule kit (Model 10179A): includes 2T-4 MHz, 
2T-8 MHz, and dual graticule, $25. 

Model 10009A probe: probe tip is WECO Type 477B con- 
nector; input RC, 10 megohms shunted by 10 pF; when 
attached to Model 191A Probe Input, input signal at 0.2 
V to 4 V will provide 140 
IRE display; probe com- 
bined with X I 0  gain input 
amplifier in the Model 
191A gives unity gain, 
t 10% ; (other standard 
XI0  probes may also be 
used with the Model 
1 9 1 A ) :  p r i c e ,  M o d e l  
10009A, $50. 

Accessories available 

NO. 5060-0437, $25. 

Model 192A TV waveform oscilloscope 
The Model 192A is a half-module version of the Model 

191A, and is designed for side-by-side mounting next to a half- 
module picture monitor. Tentative specifications for the Model 
192A are identical to the Model 191A with the following ex- 
ceptions: 
Dimensions: 8%” wide, 8%” high, 13%’’ deep behind panel 

Weight: net 31 Ibs (14 k g ) ;  shipping 36 Ibs (16,2 kg) .  
(216 x 210 x 495 m m ) .  

No rack mount kit required. 
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The  Model 193A Television Waveform Oscilloscope is 
especially designed to meet both the Bell System and the 
independent relayers' requirements. WECO Type 477B 
feed-through connectors are provided on both the front and 
side of the oscilloscope. The  vertical amplifier has five care- 
fully defined response filters for accurate, reliable VITS and 
video setup measurements. Four different sweep modes per- 
mit optimum examination of fields, individual lines, and 
video setup. 

Specifications 
Vertica I a m pl if ier 

Input circuit: 75 ohms unbalanced; 124 ohms balanced; WECC) 
Type 477B feed-through connectors. 

Input impedance: 12.5 k ohms unbalanced; 25 k ohms balanced; 
40 d B  return loss to 4.5 MHz; 27 dB return loss at 20 MHz; 
power off-on transient less than 5 mV;100 volts transient input 
protection. 

Common mode rejection: 46 dB to 2 MHz, decreasing 6 dB per 
octave to 20 MHz. 

Gain control: selectable, fixed or variable; variable provides 140 
IRE deflection for input levels from 0.2 V pk-pk to 2.0 V 
pk-pk; fixed sets the vertical amplifier gain for 100 IRE with 
0.714 volt, * 1% pk-pk input signal. 

DC restorer: On, restores to the back porch with 3 dB point at 
10 Hz, color burst effect on the display will be less than 1 . 5  
IRE unit; Off, restores to average value of the signal. 

Calibrator: with input selector set to Cal: automatically switches 
vertical channel to flat filter mode, horizontal sweep to 2 H 
mode, and applies a 2 2  kHz, 0.714 V $0.5% signal to the 
vertical amplifier. 

Filters 
Flat: +15"C to +35"C: 1 0 . 0 5  dB from 100 Hz to 1.5 MHz, 

decreasing to -0.05 k0 .05  dB at 4.5 MHz, - 3  dB at 10 MHz, 
and -20 dB at 20 MHz; rise time less than 50 nsec; less than 
1% tilt on 60 Hz  squarewave with dc restorer off; 0 °C  to + 50°C: meets KS19763 specifications. 

I R E  standard roll-off as specified by IRE (195s IRE journal, 
page 23.S1).  

Chrominance: band-pass filter with Q of 4 and center frequency 
of 3.58 MHz.  

Differential gain: same response as Chrominance with 14 dB 
additional gain. 

Low pass: more than 30 dB down at 0.500 MHz kO.015 MHz; 
40 dB down at 1.5,  2.0, 3.0, 3.6, and 4 . 2  MHz; less than 2 dB 
down at 0.15 MHz. 

Horizontal sweep 
Internal sweep: 

2 V (0.175 V/cm): *>% for X I ,  X5,  and X25 magnifica- 
tion. 2 H (0.125 H/cm) *3% for X1 and X 5 ;  * > % f o r  
X25 magnification. 
Free Run (0.125 HJcm): envelope display for video setup. 
H-Line Select (0.125 H/cm) : discrete line selection for lines 
16 through 21; variable line selection for  all lines in the 
entire field. 

Linearity: * 5 %  of full scale. 
Field select: positive selection of either field; circuit is insensi- 

Blanking: decoupled to remove trace with no signal input. 

Cathode ray tube: post-accelerator, 20 kV accelerating potential; 
aluminized P31 phosphor; high writing rate for viewing of 
sine-squared T/2 pulse. 

Graticule: 8 cm x 10 cm parallax-free internal graticule; 140 
IRE units = 7 cm; vertical and horizontal trace alignment con- 
trols. 

tive to noise pulses. 

CRT display 

Spot size: (including noise) less than 1 IRE. 
Bezel: provision for external transparent plate with graticule 

markings; provision for illumination of both internal and ex- 
ternal graticules. 

General 
Design: all solid state (except forCRT)on plug-in printed circuit 

Power: 115 or 230 V + l o % ,  50 to 400 Hz, approx. 70 W (no  

Temperature: operating range 0°C to 50°C. 
Stability: less than 1% drift in 24 hours. 
Altitude: operates at 15,000 feet above sea level. 
Line bright output: 1 volt 25 mV into 75 ohms, in variable 

linc select mode. 
Camera: HP Model 197A camera mounts direct, adapters for 

other cameras available. 
Rack mount: rack mount kit supplied with all instruments. 
Weight: net,34 Ibs ( 1 5 , 3  k g ) ;  shipping,39 lbs (17,6 k g ) .  
Dimensions: 163/" wide, 5-7/32" high, 2178'' deep overall 

Price: HP Model 193A, $1350. 

boards. 

f an ) .  

(425 x 133 x 543 m m ) .  



300 

~ 
~ 
~ 
~ 
~ 

~ 
~ COMMUNICA TIONS CUT COST ON CABLE INSTALLATION 

Quick location of faults 
Time domain reflectometry ( T D R )  speeds 

maintenance by locating faults such as shorts, 
opens, loose connectors, troublesome tap- 
offs, mismatched terminations, and poor 
cable splices. The  information is presented 
on a cathode ray tube and discloses both the 
location and nature of each discontinuity. 
Problems of locating smashed or water dam- 
aged sections of underground cable are 
quickly resolved. Troubles are isolated to 
specific locations on the line. 

Improve picture quality 
TDR reveals the quality of th: transmis- 

sion system by directly measuring reflection. 
Since reflection ghosts are an even greater 
annoyance to color T V  viewers than to 
monochrome viewers, color transmission re- 
quires a higher degree of precision. CATV 
transmission is subject to reflection anywhere 
along the cable, at connectors, tapoffs, and 
terminations. The  high sensitivity of the 
Model 141 SA TDR plug-in can locate even 
the smallest ghost-causing reflection. 
Time domain reflectometry principle 

TDR employs a closed loop radar method 
to examine cables. Cables can be easily tested 
in the same way a transmitted signal would 
see i t .  By sending a step voltage through 
the cable and measuring the reflected volt- 
age with a high-speed sampling oscilloscope. 
a time profile is obtained revealing the char- 
acteristics of each point along the cable. 

Checks cables to 3000 feet 
The CRT is calibrated directly in distance 

for air and polyethylene dielectric cables. 

WET CONNECTOR: H i g h l y  m a g n i f i e d  d isp lay  
of  a  we t  connector .  M u l t i p l e  re f lec t ions  f r o m  
t h e  f a u l t y  connec to r  cause  a  re f lec t ion  co. 
e f f i c ien t  of  -0.4. 

IMPEDANCE M I S M A T C H :  Ref lec t ion  caused  
b y  cab les  of  d i f f e r e n t  impedance .  W i t h  t h e  
ver t i ca l  c a l i b r a t e d  i n  .02 p ' c m  a n d  t h e  f i r s t  
cab le  k n o w n  t o  be 759, t h e  second  cab le  i s  
q u i c k l y  f o u n d  t o  be  69!! u s i n g  t h e  TDR s l ide  
ru le .  F r o m  scope readout,  t h e  m i s m a t c h  i s  lo- 
c a t e d  55  f t  down  t h e  75R cable.  

The hiodel 1415A can test polyethylene 
cable to 600 feet with 5 %  accuracy. The 
long h e  version, Option 14, will test to 
3000 feet. A special slide rule is furnished 
to convert the distance scale to other dielec- 
trics. Special techniques can double the 
range and pinpoint discontinuities at long 
distances. If both ends are accessible, mea- 
surements can be taken at each end permit- 
ting 6000 feet to be checked. Accuracy can 
be improved two ways. The first is to close- 
in on the fault by measuring at successively 
closer connections. The other is to compare 
distance to a standard cable connected in 
parallel. Wi th  these techniques, faults can 
be isolated within inches of the trouble spot. 
The 150 psec ( 1  psec = sec) step rise 
time of the hfodel 1415A is great enough 
to resolve nearby discontinuities that are less 
than. an inch apart. The high resolution is 
useful to examine faulty ccnnectors. 

Specifications, Model 1415A 
TDR plug-in 

(Refer to page 443 for details) 
Distance scale is calibrated to relate cen- 

timeters of CRT display to centimeters of 
transmission cable. For polyethylene line 
with a dielectric constant of 2 .25 ,  the CRT 
is calibrated to represent 200, 500, 1000, or 
2000cm line/cm display.The long lineversion, 
Option 14, will extend the range to 10000 
cm line/cm display. For air line with a 
dielectric constant of 1 ,  the calibration is 
300, 750, 1500,or 3000 cm line/cm display. 
Option 14 extends calibration to 15000 cm 
line/cm display. Also, each calibrated dis- 
play can be magnified XI  to  X200 in 1. 2 ,  
5 sequence with 5 %  accuracy 

Reflectometer sensitivity: reflection 
efficients as small as 0.001 can be 
ser\ed, corresponding to an SWR 

CO- 

ob- 
of 

P I N C H E D  CABLE: M a g n i f i e d  d isp lay  of a 
p i n c h e d  cab le  r e s u l t i n g  f r o m  s h a r p  r a d i u s  of  
curva ture .  The  ca l ib ra ted  CRT ind ica tes  a re- 
f l e c t i o n  coef f i c ien t  of  -0.04. 

1.002; this is equivalent to a mismatch of 
less than 0.2 ohms in a 75-ohm line. 

Distance resolution: system rise time is 
less than 150 psec and permits discontin- 
uities separated by less than one inch ( in  
polyethylene cable) to be resolved. 

Reflection coefficient calibration: 0.5 
p/cm to 0.005 p/cm in 1, 2, 5 sequence; 
attenuator accuracy, *3%.  

Characteristic impedance: 50 ohms feed- 
through type: 75-ohm adapter available. 

Output connector: GR Type 874. 
Maximum external signal level: up to 1 

V pkbpk may be safely applied to the 
Signal Out connector. 

Recorder output: 50-ohm BNC female 
connectors for X and Y axis. 

Accessories furnished: 2 GR Elbows Type 
S74-EL: 1 GR to Type N Adapter: 1 
Type N to BNC Adapter. 

Price: HP Model 140A, $595;  Model 
1415A, $1050; Model 1415A Option 14, 
$1 150. 

Rise time converters 

hlodels 10452A through 10456A Rise 
Time Conierters slow down the step from 
the Model 1415A in order to eliminate re- 
flections caused by frequencies beyond the 
bandwidth of interest. Rise times are 0.5, 
1, 2 ,  5 ,  and 10 nsec. Refer to page 443 for 
complete specifications. 

75-ohm adapters 

Models 10457A and 10458A Adapters 
coniert the Model 1415A output connector 
to 75-ohm systems. Refer to page 443 for 
complete specifications. 

SYSTEM PROFILE: Ref lec t ion  p a t t e r n  as  seen 
b y  l o o k i n g  down  a  t r a n s m i s s i o n  sys tem.  The  
p a t t e r n  reveals 55 f t  o f  1 5 n  cab le  j o i n e d  b y  a  
w e t  connec to r  t o  a  69R cable.  2 7  f t  f r o m  t h e  
connec to r  i s  a n  i n d u c t i v e  defect ;  20 f t  f a r t h e r  
a l o n g  i s  a  capac i t i ve  de fec t  f r o m  a  p i n c h e d  
cable:  8 f t  f r o m  t h e  p i n c h  i s  a  6 7 9  t e r m i n a t i o n .  
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Accessories-voltmeters-oscillators-amplif iers 
11004A, 11005A and others 

COMMUNICATION EQUIPMENT E 

11004A line-matching transformer 

The 11004A Transformer has a frequency response between 
5 kHz and 600 kHz and provides fully balanced 135 or 600- 
ohm output from single-ended input. Maximum level + 2 2  
dBm. HP 11004A, $60 each. 

11005A line-matching transformer 

The llOO5A Transformer has a frequency response between 
20 Hz and -15 kHz and provides a fully balanced 600-ohm 
output from single-ended input. Maximum level is + 15 dBni. 
HP 11005A, $80 each. 

H20.200CD wide range oscillator 

This special oscillator is a standard 200CD Oscillator (refer 
to page 322) that has selected components to provide low- 
output distortion. The total distortion, including harmonic 
distortion and noise, is less than 0.06% (-64 d B j  on the 
X10, XI00  and X 1  k ranges; 0.1% on the X 1  and X I 0  k 
ranges except 5 Hz to 20 Hz and 400 kHz to 600 kHz where 
the distortion is 0.5%. The standard 200CD Wide Range 
Oscillator may be used wherever this extremely low distortion 
is not necessary. 

Multi-function meters 

When it's important to make a variety of measurements 
with one instrument, select a versatile multi-function meter 
from Hewlett-Packard. The low cost 427A solid-state, battery- 
operated meter gives maximum value in general testing. . . 
while the 41OC or 412A with its higher impedance is ideal for 
troubleshooting and calibrating magnetic tape equipment and 
for airline radio maintenance. Refer to the voltage/current/ 
resistance section, pages 181 through 208. 

AC voltage measurements 

Hewlett-Packard ac voltmeters offer measurements over a 
wide frequency range, 10 Hz to 1 GHz, at sensitivities from 1 
mV to 1000 V with high-input resistances and low-input 
capacitances. The -100 Series can be used for magnetic tape 
testing, gain and loss measurements, and other applications in 
the broadcasting and telephone industries where a general- 
purpose, wide-band voltmeter is needed. The 3406A is a unique 
sampling voltmeter which lets you measure 1 mV to 3 V ac- 
curately, from lOkH2 to 1GHz.Refer to pages 188 through 199. 

Solid-state amplifiers 

When an amplifier is needed with low distortion,wide band- 
width and high gain, refer to the information in the amplifier 
section of the catalog, pages 408 to 414. The 465A Amplifier 
(page 409)  is an ideal amplifier providing 20 dB or 40 dB 
gain for low level signals. 

11004A 

11005A 

H20-200CD 

- 
400GL 

465A 
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FUNCTION GENERATORS SIGNAL SOURCES 

A function generator is a signal gen- 
erator that delivers a choice of different 
waveforms with frequencies adjustable 
over a wide range. The keynote of the 
modern function generator is versatility. 
The function generators now produce 
sine, triangle, square-wave and sawtooth 
waves with a provision to sweep or ana- 
log program frequency over at  least a 
decade. This is useful for automatic 
testing systems and sweeping audio am- 
plifiers, filters and servo systems. 

HP's function generators extend from 
a low frequency of 0.00005 Hz ( H P  
203A Option 0 2 )  up to a high frequency 
of 100 kHz. Additional versatility is ob- 
tained with features such as dc offset, 
single and multiple-cycle operation, and 
phase lock capability. 

Another modern innovation is the 
plug-in function generator. One may use 
a single main frame and several plug-ins 
to achieve maximum versatility at a 
minimum cost. Function generators now 
have several outputs available at the 
same time, each having a choice of wave 
shapes. By providing a square wave and 
a triangle wave at the same time, line- 
arity measurements and gating may be 
made simultaneously. 

Function generators that provide single 
or multiple-cycle outputs have simplified 
many measurements. A theoretically in- 

another; and almost any waveform de- 
sired may he had by summing the har- 
monics and fundamental and adjusting 
the phase and amplitude of the har- 
monics. One can also phase lock the func- 
tion generator to a frequency standard 
and generate all wave shapes with the 
frequency, accuracy and stability of the 
stable source. 

Besides the many uses mentioned, the 
function generator is being used ex- 
tensively in medical research projects for 
nerve stimulation and electroanesthesia. 
As medical electronic research continues 
to grow, the function generator will find 
more and more applications in this field. 

HP 3300A 
The low frequency of an RC oscillator 

is limited. An entirely different approach 
is used in the 3300A Function Generator. 

The main frame of this instrument 
delivers sine, triangular and square 
waves with a frequency range of 0.01 Hz 
to 100 kHz. The circuit outlined in Figure 
1 uses a frequency control network gov- 
erned internally by the frequency dial 
or esternally through the rear-panel, fre- 
quency-control terminal. 

The frequency-control voltage regu- 
lates the current source. An increase or 
decrease in current increases or decreases 

TO 
OUTPUT 

-v 
AMPLIFIERS 

VOLTAGE 

MULTIVIBRATOR 
CONTROL 

SHAPING 

TRIANGLE 
INTEGRATOR 

:URRENT 

Figure 1. 3300A Func t ion  Generator .  

finite on-off ratio can now he attained in 
pulse burst operation. To  vary the start- 
ing phase of a single cycle or pulse burst 
and end at the same phase is also val- 
uable. This is used in underwater re- 
search and other applications. 

The capability of the function genera- 
tor to phase lock to an external source 
opens new possibilities for making audio 
measurements. By using two function 
generators, an adjustable phase sine out- 
put or a square or triangle \vave output 
with adjustable delay may be obtained. 
One function generator may he phase 
locked to a harmonic of the sine wave of 

the slope of the triangular wave. Fre- 
quency will increase i f  the + and - 
slopes are increased. The voltage com- 
parator rnultivibrator changes state at 
predetermined limits on the positive and 
negative slopes of the triangular integra- 
tor's output. This change of state reverses 
the current into the triangular integrator, 
reversing the slope of the triangular 
output. 

The circuit produces low-frequency 
square and triangular waves. The trian- 
gular wave is synthesized into a sine 
wave by a diode-resistance network. The 
synthesizing circuitry of Figure 2 s h o ~ ~ s  

how the slope of the triangular wave is 
altered as its amplitude changes, result- 
ing in a remarkably pure sine wave. 

9' 

I 
B- 

F igure 2 .  Non- l i nea r  s h a p i n g  n e t w o r k  

The entire oscillator circuitry is float- 
ing. The ground may be established at 
any desired voltage level. A special fea- 
ture of this oscillator is that waveform 
amplitude is controlled by the reference 
voltages, rather than by a long-time- 
constant AGC circuit. As a result, there 
are no transients when switching be- 
tween ranges or tuning to other fre- 
quencies. Another feature of the H P  
3300A is two output amplifiers that pro- 
vide simultaneous, individually selected 
outputs of any of the waveform func- 
tions. 

3300A Plug-ins 
The 33001% is made more versatile by 

the use of plug-ins (the 3300A must have 
a plug-in to operate). The H P  Model 
3301A Auxiliary Plug-in, 3302A Trigger/ 
Phase Lock Plug-in and the 3304A 
Sweep/Offset Plug-in are now available. 
The H P  3301A Ausiliary Plug-in pro- 
vides internal connections for the basic 
operation of the unit, as  described in the 
specifications for the 3300A Function 
Genera tor. 

The H P  Model 3302A Trigger/Phase 
Lock Plug-in enables the Model 3300A 
Function Generator to produce either a 
single cycle or a burst of cycles of any 
of the output waveforms in response to 
an input trigger. The waveform bursts 
may also be frequency modulated. 

The plug-in employs two basic oper- 
ating principles. In the "Trigger" mode, 
it suppresses waveform generation in the 
main frame circuits, thus restricting the 
generator output to a single waveform 
cycle or burst of cycles. In the "Phase- 
Lock" mode, it contributes a correction 



voltage to the Function Generator fre- 
quency-control circuits, phase-locking the 
output frequency to an external fre- 
quency source. 

A front-panel meter indicates when 
phase lock is achieved. The phase re- 
lationship between the input and output 
signals can be adjusted by the front panel 
PHASE control over a range of 0" to 
180" ( 180° to 360" by using the inverted 
output or by reversing the input polarity 
switch). The phase multivibrator acts as 
a detector (see Figure 3 )  which is set by 
the input signal and reset bv the main 

INPUT TRIGGERS FREQUENCY CONTROL VCLTffiE 
FROM MA!N FRAME 

-A 

.. 

SQUARE WAVE 
FROM MAIN FRAME 

Figure 3.  Block diagram of 3302A plug.in 
phase lock mode. 

frame square wave. These pulses are 
filtered to derive a dc control voltage. 
Thus, the 33004 frequency is contin- 
uously locked to the input. The 3300A 
may be locked to a harmonic of the 
input signal. 

When the MODE switch is set to 
"Free Run", the plug-in circuits are dis- 
abled and the function generator operates 
in its basic manner. With the MODE 
switch set to either "Single" or "Mul- 
tiple", the plug-in circuits stop the 
generation of waveforms by clamping 
the output of the triangle integrator to 
its input at a selected phase (see Figure 
4 ) .  The waveform generating circuits 
are released by pressing the MANUAL 
TRIGGER button on the plug-in or by 
applying a trigger pulse or gate to the 
plug-in input. The point in the waveform 
at which waveform generation starts and 
stops is determined by the START,' 
STOP-PHASE control, which can be ad- 
justed over a range of -90" to +90" of 
the waveform 

The H P  3304A Sneep/Offset Plug-in 

provides internal sweeping up to a dec- 
ade of frequency. It generates a sawtooth 
waveform and delivers it to either of the 
3300A output terminals, and it also pro- 
vides an offset square wave and a dc 
offset for all of the signals generated by 
the 3300A and 3304A. 

The offset square wave mode of 
operation provides a positive or negative 
square wave with either the top or the 
bottom clamped to ground or the dc off- 
set voltage. This clamping voltage is 
controlled by the OFFSET SQUARE 
switch on the front panel. 

For the sawtooth mode of operation, 
the 3304A uses a sawtooth generator, a 
RANGE switch, a FREQUENCY con- 
trol and a k SAWTOOTH selector 
switch. Figure 5 shows a simplified block 
diagram of the sawtooth generator. 

TO 3300A 
OUTPUT 

-OR 
FREQ. CONT. 

NETWORK 

-20v -20v 
Figure 5. Simplified sawtooth generator. 

A capacitor is charged from a constant 
current source, 4 2 ,  which is controlled 
by a voltage, adjusted by the frequency 
control. Two signals, of different polarity 
selected by a k SELECTOR switch, may 
be connected to the 3300A output ampli- 
fier. 

For the internal sweeping of the 3300A 
output functions, the 3304A uses the 
negative sawtooth output, a start-fre- 
quency emitter follower, a summing am- 
plifier and a SWEEP W I D T H  control. 
The start frequency is set by the 3300A 
FREQUENCY dial and RAhTGE selec- 
tor (it may be by remote control). The 
summing amplifier adds the start fre- 
quency control voltage and the negative 
sawtooth ramp. The negative voltage 
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TRIGGER 
CIRCUITS 

I NVERTEO 
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3 3 0 2 A  3300A 
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Figure 4.  Block diagram of 3302A plug.in shown in single and multiple modes 

trolled by the 3304A SWEEP WIDTH 
control. The rate of the sweep is con- 
trolled by the 3304A sawtooth frequency. 

For the dc offset which is applied to 
all output functions of the 3300A, the 
33044 applies a dc voltage between out- 
put ground and circuit ground (see 
Figure 6, 33044 dc offset). 

-x)V GROUND GROUND 

Figure 6. 3304A dc offset. 

Because of its versatility, the HP 
3300A with its various plug-ins may be 
used for all of the applications listed in 
the first few paragraphs of this section. 

HP 203A 

Another H P  function generator is the 
203A Variable Phase Function Genera- 
tor. This instrument has a sine wave and 
square wave output with a second chan- 
nel that can be phase-shifted contin- 
uously through a full 360" range. 

Although this function generator is 
intended primarily for low-frequency 
work, it has a frequency range extending 
from 60 kHz down to 0.005 Hz or, 
with options, down to as low as 0.00005 
Hz ( 5  hours for 1 H z ) .  All four output 
signals are supplied simultaneously and 
all have individual 40 dB attenuators. 

The H P  Model 203A Function Genera- 
tor is well suited as a source of sine 
waves for critical tests of audio, as well 
as sub-audio, equipment. 

The 203A uses beat frequencies com- 
bined with divider techniques. This al- 
lows the phase-shifting device to be 
placed in a fixed frequency channel. 

The highest frequency range ( 5  to 60 
kHz) is obtained by dividing down a 
crystal oscillator frequency by a factor of 
9.  This fixed-frequency output (FFO) is 
heterodyned with the variable frequency 
oscillator (VFO) signal in a double- 
balanced mixer to derive the output sig- 
nal. The lower frequency ranges are de- 
rived by successive decade frequency 
dividers and mixers. 

The square-wave output is derived by 
applying the output sine wave to a 
clipping amplifier and improving the rise 
time of the resulting square-wave in a 
dc-coupled regenerative circuit. 

The phase-shifted outputs are obtained 
by a goniometer with two stator field 
windings at right angles to each other 
and a pick-up coil that can rotate within 
the stator fields. The phase of the signal 
induced in the pick-up coil depends on 
the coil's angular position. 



305 

VARIABLE-PHASE G EN ERATO R 
Sine- and square-waves 0.00005 Hz to 60 kHz 

Model 203A 

T h e  solid-state HP Model 203A Low-Frequency Function 
Generator provides two transient-free low-distortion square 
and sinusoidal test signals particularly useful for a wide 
variety of low-frequency applications, Field and laboratory 
testing of servo, geophysical, medical and high-quality 
audio equipment become practical when using the 203A. 

T h e  203A frequency range of 0.005 Hz to 60 kHz is 
covered in 7 overlapping bands ( 2  additional ranges avail- 
able on  special order, offering frequency range to 0.00005 
Hz). Accurate +-I% frequency setting is provided by 180 
dial divisions. A vernier drive allows precise adjustment. 

30 volt output 

T h e  203A provides a maximum output voltage of 30 V 
peak-to-peak for  all waveforms. The  sinusoidal signals have 
a distortion that is less than 0.06% and provide virtually 
transient-free outputs when frequency and operating condi- 
tions are varied rapidly. The  four output circuits of the 203A 
have individual 40 dB continuously variable attenuators. 

Outputs consist of a reference sine and square wave, and 
a variable-phase sine and square wave:. T h e  two sine- and 
square-wave outputs are electrically identical except that one 
sine- and square-wave output contains a 0-to-360 degree 
phase-shifter. These four signals (two reference phase and 
two variable phase) are available simultaneously from the 
203A. The  output system is floating with respect to ground 
and may be used to supply an output voltage with either 
terminal grounded, or may be floated up  to 500 volts dc  
above chassis ground. T h e  output impedance is 600 ohms 
for all outputs. 

Special features 

A front-panel calibration provision permits the user 
to easily calibrate the oscillator frequency to the environ- 
ment in which the instrument is used. The HP 203A fea- 
tures a unique method of mixing, filtering and dividing the 
frequency to  maintain an  exact decade relationship. Inter- 
changeable decade modules provide greater reliability and 
ease of servicing. 

Specifications, 203A 

Frequency range: 0.005 Hz to 60 kHz in seven decade ranges.* 

Dial accuracy: _t 1 % of reading. 

Frequency stability: within &I%, including warmup drift and 
line voltage variations of ?IO% (typical short term 1 part 
in 1 0 4 ) .  

Output waveforms: sine and square waves are available simul- 
taneously; all outputs have common chassis terminal. 

Reference phase: sine wave, 0 to 30 V peak-to-peak; square 
wave, 0 to 30 V peak-to-peak. 

Variable phase: sine wave, 0 to 30 V peak-to-peak; square 
wave, 0 to 30 V peak-to-peak; continuously variable, 0 to 
360O; phase dial accuracy, _ t 5 O  sine wave, % l o o  square 
wave. 

Output impedance: 600 ohms. 

Output power: 5 volts into 600 ohms (40 m W )  ; 40 dB continu- 

Distortion: total harmonic distortion hum and noise >64 dB 

ously variable attenuation on all outputs. 

below fundamental (<0.06%), at full output. 

Output system: direct-coupled output is isolated from ground 
and may be operated floating up to 500 Vdc. 

Frequency response: f 1 % referenced to 1 kHz 

Square wave response: rise and fall time, < Z O O  ns; overshoot, 

Power: 115 or 230 volts _tlOY,, 50 to 1000 Hz, approximately 

Dimensions: cabinet: 5%“ high, 16%” wide, 11%” deep (133 
x 425 x 286 m m ) ;  rack mount kit (203A-00203) furnished 
with instrument. 

< 5 %  at full output. 

25 w. 

Weight: net 20 Ibs (9,17 kg ) ;  shipping 28 Ibs (12,5 kg) .  

Price: HP 203A, $1200; Option 01, add $40; Option 02, add 

*Two lower ranges of 0.0005 Hz (Option 01) and 0.00005 Hz (Option 02) are 

$80. 

available on special order. 
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202A 

The H P  202A Low-Frequency Function Generator is a 
compact, convenient, multi-purpose source of transient-free 
test voltages. I t  is particularly useful for testing servo, geo- 
physical and medical equipment and for the electrical simu- 
lation of mechanical phenomena. 

Output frequency is continuously variable from 0.008 H t  
to 1200 Hz in 5 bands. Model 202A offers exceptional sta- 
bility and distortion of less than 1% over most of the band. 
Any of three desired waveforms - sine, square or triangu- 
lar-may be selected by a front-panel switch. Output is 
high- 30 volts peak-to-peak-for all three waveforms 
and is essentially constant over the entire frequency range. 

The  H P  202A differs from conventional low-frequency 
oscillators in that the sine wave is electronically synthesized. 
A controlled bi-stable circuit generates a rectangular wave. 
This wave is passed through a special integrator, providing 
a true triangular wave. 

The  triangular wave then enters a shaping circuit de- 
signed exclusively for this equipment. In  this circuit, 1 2  
crystal diodes modify or “shape” the wave and provide a 
sine wave. This sine wave has a distortion of less than I%, 
and the synthesizing circuit provides virtually transient-free 
output even when frequency and operating conditions are 
rapidly varied. It is not necessary to wait long periods for 
the circuits to stabilize, as is the case with conventional 
low-frequency oscillators. The circuit inherently maintains 
constant amplitude over the entire frequency range. 

The  output system of the 202A is fully floating with 
respect to ground and may be used to supply a balanced 
voltage or an output voltage with either output terminal 
grounded. The  equipment will deliver 10 volts rms into a 
load of 4000 ohms or greater. Internal impedance is only 
40 ohms. There are no coupling capacitors in the output 
system, and a high degree of dc balance is achieved. 

Specifications 
Frequency range: 0.008 to 1200 H t  in five decade ranges. 
Dial accuracy: 2% from 1 .2  to 12 ;  3% from 0.8 to 1.2.  
Frequency stability: within 1 %, with line voltage variations 

Output waveforms: sinusoidal, square and triangular. 
Maximum output voltage: 30 volts peak-to-peak across rated 

load (4000 ohms) for all,  three waveforms (10.6 volts 
rms for sine wave).  

of *lo%. 

Internal impedance: approx. 40 ohms over entire range. 
Sine wave distortion: 1% on XO.01, XO.1, XI ,  and X10 

ranges; 2To on X I 0 0  range. 
Output system: output is isolated from ground and may be 

operated balanced or with either side grounded; output 
system is direct-coupled; dc level of output remains stable 
over long periods of time and can be adjusted to zero 
by a front-panel control. 

Frequency response: t 0 . 2  dB. 
Hum level: 0.05% of output. 
Sync pulse: 10 volts peak negative, less than 5 ps dura- 

tion; sync pulse occurs at crest of sine and triangular wave 
output. 

Power: 115  or 230 volts * l o % ,  50 to 1000 Hz, approxi- 
mately 150 watts, 

Dimensions: cabinet: 20Y4” wide, 12Y4” high, 1478” deep 
( 5 2 8 x 3 2 4 ~ 3 7 2  m m ) ;  rack mount: 19” wide, 10-  
15/32” high, 13” deep (483 x 266 x 330 m m ) .  

Weight: net 42 Ibs (18,9 k g ) ,  shipping 52 Ibs (23,4 kg) 
(cabinet); net 37 Ibs (16,6 k g ) ,  shipping 45 lbs (20,3 
kg )  (rack mount).  

Accessories available: 1 loooA Cable Assembly, $4.50; 
11OOlA Cable Assembly, $5.50. 

Price: HP 202A, $550 (cabinet); HP 202AR, $535 (rack 
mount) .  
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FUNCTION GENERATOR 
Plug-ins, multiple outputs, versatility 

Model 3300A & plug-ins 

Advantages with plug-ins 
Sine, square, triangular, sawtooth waves ( 3 3 0 4 4 )  
Frequency from 0.01 Hz to 100 kHz 
Flat frequency response; distortion less than 1 o/o 
Two simultaneous outputs; electronic frequency con- 

Balanced, single-ended, floating outputs 
Single-cycle or multi-cycle bursts; phase lock capability 
Sweep frequencies for more than decade 
DC offset for all wave shapes; offset square wave 

trol 

Maximum versatility and usefulness with plug-ins and 
multiple outputs set the H P  3300A Function Generator 
apart from other function generators. Any two of three 
waveforms - sine, square or triangular - may be selected 
by a front-panel switch, covering all frequencies from 0.01 
Hz to 100 kHz, continuously adjustable in seven decade 
ranges. This solid-state, multi-purpose source provides simul- 
taneous signals of any two waveforms, with constant ampli- 
tude over the entire frequency range. 

Plug-ins, which insert directly into the front panel, in- 
clude the H P  3301A Auxiliary Plug-in, H P  3302A Trigger 
Phase Lock Plug-in and H P  3304A SweeplOffset Plug-in. 
The  3302A provides single- and multiple-cycle operation 
with variable start/stop phase. A phase lock loop in the 
3302A permits synchronizing the 3300A with an external 
signal and provides variable phase control. T h e  H P  3 3 0 4 4  
Sweep/Offset Plug-in provides internal sweeping, sawtooth 
waves, offset square waves and a dc offset for all four output 
waveforms. The  3300A Function Generator with plug-in 
versatility provides a compact, convenient multi-purpose 
source of test waveforms useful for testing servo, geophysical 
and medical equipment, and for the electrical simulation of 
mechanical phenomena. Refer to the introduction to function 
generators, page 303, for further applications. 

Electronic frequency control 
The frequency of the H P  3300A can be controlled by 

either the front-panel frequency dial or an external voltage 
applied to a rear-terminal connector. This feature is useful 
for sweeping filters, amplifiers and other frequency-depend- 

ent devices and for externally programming frequencies for 
production testing. An input voltage of + 0.3 to - 10 volts 
will linearly control the frequency over approximately a 50: 1 
range. Frequency can be changed remotely over a decade on 
any one range in approximately 1 p. 

Output system 
The output system of the 3300A is dc coupled and fully 

floating with respect to power line ground. An internal 
shield reduces radiated interference and provides common 
mode rejection with floating output. Separate connectors on 
the rear panel provide terminals for circuit ground, shield 
ground and power line ground. The  operator may connect 
a dc supply to the rear terminals and obtain a dc offset 
voltage on the output up to t 2 5  volts between circuit 
ground and output ground and e 2 5 0  volts between output 
ground and power-line ground or output ground and shield. 

The  3300A may be used to supply a balanced output, 
using both output amplifiers. Each output amplifier will 
deliver 35 volts p-p into an open circuit. 

3301A Auxiliary Plug-in 
The H P  3301A Auxiliary Plug-in provides internal con- 

nections for basic unit operation. 

3302A Trigger/Phase Lock Plug-in 
The 3302A is designed to provide single-cycle, multiple- 

cycle and phase-lock operation. T h e  instrument can be 
triggered over the entire frequency range, either manually or 
by applying an external voltage, 

Single-cycle operation 
In single-cycle operation, one cycle of any fur..t‘ .c ion can 

be obtained by pushing the manual trigger or “plying a 
signal to the external trigger input. T h e  output starts and 
stops at the same phase, which is adjustable from -90 
degrees to +go degrees with the front-panel start/stop 
phase control. The  input trigger circuit is dc coupled and 
may be actuated with either polarity of applied pulses. 

In the single-cycle mode, a variable phase output can be 
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obtained by triggering with an external sine wave tuned to 
the same frequency as the 3300A, using the input phase 
switch and the start/stop phase control. This is particularly 
useful at frequencies below 10 Hz where a phase lock 
system is not practical. 

In addition, when an external trigger is applied, the in- 
strument can be used as a low-frequency pulse generator 
using the square wave output. The  pulse repetition rate is 
determined by the repetition rate of the applied trigger 
voltage; the pulse width is controlled by the 3300A fre- 
quency control, and the pulse delay is adjustable using the 
start/stop phase control. Pulses can also be obtained by 
using the manual trigger. 

Multiple-cycle operation 

In the multiple-cycle mode of operation, any number of 
complete cycles of any function can be obtained by pushing 
the manual trigger to start and stop or by applying an ex- 
ternal gate voltage. The output signal will start and stop 
at the same phase, adjustable from -90 degrees to +90 de- 
grees with the start/stop phase control, T h e  3302A is useful 
for generating waveform bursts or pulse trains for transient 
response and coding system measurements. 

Phase-lock operation 
The 3300A may be phase-locked to any periodic signal 

with a frequency from 10 Hz to 100 kHz. A meter, located 
on the plug-in front panel, indicates when phase lock is 
achieved. The  phase shift between the input signal and the 
3300A can be adjusted over a 360 degree range using the 
phase control and the input phase switch. This feature is 
particularly useful for generating a variable phase output 
at frequencies greater than 10 Hz. 

The  instrument also may be phase-locked to a harmonic 
of an externally applied signal, making it useful for syn- 
thesis of complex waveforms. In addition, the 3300A may 
be phase-locked to an external source to obtain sine, tri- 
angle and square wave outputs with frequency character- 
istics of the externally applied -signal. 

3304A sweep/offset plug-in 

T h e  H P  3 3 0 4 4  SweeplOffset Plug-in provides internal 
sweeping, dc offset, sawtooth waves and offset square waves 
(refer to 3304A front panel). Up  to k 1 6  volts of dc offset 
is available for all signals generated in the main frame and 
plug-in. 

The  offset square wave provides added versatility by clamp- 
ing either the top or the bottom of the waveform to the dc 
offset voltage or ground potential. 

A dc voltage selected by the 3 3 0 4 4  OFFSET POLARITY 
switch and COARSE and FINE controls is inserted between 
circuit ground and the 3300A output ground. In the offset 
square wave mode of operation, the square wave from the 
3300A is isolated and applied to a bias voltage selected by 
the OFFSET SQUARE switch, This develops the clamping 
voltage for the 3300A output. T h e  dc offset features of the 
3 3 0 4 4  plug-in fulfill the needed requirements for a signal 
balance above or below ground potential when driving or 
stimulating an electro-mechanical or medical system. 

The  sawtooth waveform is generated in the 3304A by 
charging a capacitor from a constant current source. T h e  fre- 
quency is controlled by the RANGE and FREQUENCY 
controls in the plug-in, Two sawtooth waves are developed 
simultaneously of different polarities, and either may be 
selected and applied to the 3300A output terminals. This 
sawtooth output can be used for sweeping or driving systems 
where a single direction sweep is desired, It is also useful as 
a sweep output when internally sweeping the main frame. 

For internal sweeping of the output functions of the 
3300A in any one range, the 3304A uses the negative saw- 
tooth output of the sawtooth generator. T h e  start frequency 
is selected by the 3300A frequency dial and range switch, 
or it may be selected by remote control. A summing ampli- 
fier adds this start frequency voltage to the changing saw- 
tooth voltage, sweeping up to a decade of frequencies. 
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Specifications, 3300A Function Generator 
Available plug-in units*: 

Model 3301A Auxiliary Plug-in 
Model 3302A Trigger Plug-in 
Model 33044 Sweep/Offset Plug-in 

Output waveforms: sinusoidal, square and triangular selected 
by panel switch (any t\vo outputs available simulta- 

Frequency range: 0.01 Hz to 100 kHz in 7 decade ranges. 

Frequency response: -~lC/c, 0.01Hz to 10 kHz; i 3 c / c ,  10 

Dial accuracy: I 1 c+ of maximum dial setting (1 minor di- 
\.ision) 0.01 Hz to 10 kHz;  k 2 : t  of maximum dial set- 
ting ( 2  minor diirisions) 10 kHz to 100 kHz. T.C. 

Maximum output per channel: > 3 5 V p-p open circuit; > 1 5 

Sine wave distortion: <1C/t, 0.01 Hz to 10 kHz; <3c/c, 10 

Output attenuators (both channels): 40 dB range. 

Square wave response: <250 ns rise and fall time on all 
ranges; sag, < 5 C +  overshoot at full output; 
< 1 qc symmetry error. 

Triangle linearity error: <lyc 0.01 Hz to 10 kHz, <2yc 10 
kHz to 100 kHz < 1 

Sync pulse output: >IO V p-p, open circuit < 5  Ips dura- 
tion, Sync pulse occurs at crest of sine and triangular wave 
output. 

neously). 

kHz to 100 kHz. 

0 . l~C /OC.  

V p-p into 600Q; > 2 V p-p into 5 0 R .  

kHz to 100 kHz. 

symmetry error. 

Output impedance (both channels): 600 ohms nominal. 

DC stability: drift: <r+0.25’;1 of p-p amplitude over a 
period of 24 hours (after 30 minute warmup).  

Remote frequency control: 0 to -10 volts will linearly 
change frequency > 1 decade within a single range. Fre- 
quency resettabilityurith respect to voltage -L 1 c/r of maxi- 
mum frequency on range selected. 

Power: 11 j or 230 V & l o % ,  50 to 1000 Hz, approx. 50 W. 
Dimensions: 16” wide, 5” high, 11” deep (406 x 127 x 279 

Weight: net 2 0  Ibs ( 9  k g ) ;  shipping 23  Ibs (10,4 k g ) .  

Price: H P  3300A, S62s 

m m )  standard H P  full module. 

Specifications, 3304A, Plug-in 
Modes of operation: single cycle, multiple cycle, phase lock, 

Trigger requ i rements 

free run. 

Single cycle: manual or external. DC coupled. Requires 
at least 0.5 volt to trigger externally. May be triggered 
with positi1.e or negative input \,oltage ( k 2 0  V peak 
max . ) .  

Multiple cycle: manual or external start/stop. DC coupled. 
Requires at least 0.5 volt to start, 0 volts to stop. May 
be triggered with either positive or negative input volt- 
age (L-20 V peak max. ) .  

Phase lock: (10 Hz to 100 kHz)  dc  coupled. Requires 
0.5 volt p-p to lock, 10 volts p-p for specified accuracy 

*3300A requires a p lug in  t o  w e r a t e .  

with sine wave input, The  H P  3302A will lock on a 
fundamental or harmonic of the input signal. 

from 10 kHz to 100 kHz (fundamental only).  

kHz to 100 kHz (fundamental on ly) .  

Phase dial accuracy: &IO3 from 10 Hz to 10 kHz. 1-20 

Introduced distortion: <17c, 10 Hz to 10 kHz;  <3fi;, 10 

Weight: net 3 Ibs (1,4 k g ) ;  shipping 5 Ibs (2,5 kg) 

Dimensions: 6-1/16” wide, 43/” high, 10%” deep (153.9 
x 120,7 x 260,4 m m ) .  

Price: HP 3302A, $190. 

Specifications, 3302A Plug-in 
DC offset 

Voltage range: adjustable 0 to i-16 volts open circuit and 

DC stability: 2 50 mV over a 24-hour period (after 30 

a t 1 volt vernier control. 

minute warmup) .  

Offset square wave 

Output polarity: positive or negative, from dc offset voltage 
or ground potential. 

Amplitude: > 1 5  volts p-p open circuit. Continuously ad- 
justable with 3300A amplitude control. Attenuator 
range, >40 dB. 

Rise time: <400 ns. 

Overshoot: < 5c6 at full output 

Sag: < I % .  

Frequency range: 0.01 Hz to 100 kHz, continuously ad- 

Dial accuracy: <klOyo full scale; 0.01 Hz to 1 Hz; 

Amplitude: > 1 5  volts p-p, open circuit. Continuously 

Frequency response: <2%, 0.01 Hz to 10 kHz; <551-, 

Output polarity: positive or negative, from dc offset voltage 

Linearity: <IC+, 0.01 Hz to 10 kHz, overshoot < 5 % ;  

Flyback time: < jyc + 2 5 0  ns. 

Sawtooth waveform 

justable over seven decade ranges. 

< i 5 c/r full scale, 1 Hz to 100 kHz. 

adjustable with 3300A amplitude control. 

10 kHz to 100 kHz. 

or ground potential. 

<2%, 10 kHz to 100 kHz, overshoot < 5 % ,  

Internal sweep 

Controls: start frequency set by 3300A frequency dial; 
sweep range set by sweepwidth control on plug-in. 

Sweep rate: determined by sawtooth frequency setting 

Sweep width: adjustable from 0 to at least one decade on 
any one range. 

General 

Weight: net 4 Ibs (1,8 k g ) ;  shipping 6 lbs (2,7 k g ) .  
Dimensions:6-1/16” wide, 4y4” high, lo’$$’’ deep (153,9 

Price: H P  3304A, $210. 

x 120,7 x 260,4 m m ) ,  
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__ - - - PULSE AND SQUARE WAVE 

Pulse and square wave generators 
most often are used with an oscilloscope 
as the measuring device. Waveform 
shapes as seen by the oscilloscope, either 
at the output or at pertinent points with- 
in a system under test, provide both 
qualitative and quantitative evaluations 
of system or device performance. 

Square waves or pulses 
The fundamental difference between 

pulse and square wave generators con- 
cerns the signal duty cycle, Square wave 
generators have equal "on" and "off" 
periods, this equality being retained as 
the repetition frequency is varied. The 
duration of a pulse generator "on" peri- 
od, on the other hand, is independent of 
pulse repetition rate. The duty cycle of 
a pulse generator can be made quite low 
so that these instruments are generally 
able to supply more power during the 
"on" period than square wave genera- 
tors. The H P  Model 214A, for instance, 
supplies up to 200 watts in its output 
pulse. 

Short pulses reduce power dissipation 
in the component or system under test. 
For example, measurements of transistor 
gain are made with pulses short enough 
to prevent junction heating and the con- 
sequent effect of heat on transistor gain. 

Square wave generators are used 
where the low-frequency characteristics 
of a system are important, such as in the 
testing of audio systems. Square waves 
also are preferable to short pulses i f  the 
transient response of a system requires 
some time to settle down. 

Pulse generators 
In the selection of a pulse generator, 

the quality of the output pulse is of 
primary importance. High-quality test 

Figure 1. Carefully controlled pulse shapes insure 
accurate measurements. 

pulses insure that degradation of the 
displayed pulse may be attributed to the 
test circuit alone. 

The pertinent characteristics of a test 
pulse, shovn in Figure 2, are controlled 
and specified accurately in HP pulse gen- 
erators. Rise and fall times should be 
sipnificantly faster than the circuits or 
systems to be tested. Any overshoot, 

ringing and sag in the test pulse should 
be known, so as not to be confused with 
similar phenomena caused by the test 
circuit. 

The range of pulse width control 
should be broad enough to fully explore 
the range of operation of a circuit. Nar-  
row pulse widths are useful in determin- 
ing the minimum trigger energy required 
by some circuits. 

Maximum pulse amplitude is of prime 
concern if appreciable input power is re- 
quired by the tested circuit, such as a 
magnetic core memory. At the same time, 
the attenuation range should be broad 
enough to prevent overdriving the test 
circuits, as well as to simulate actual cir- 
cuit operating conditions. 

The range of pulse repetition rates is 
of concern if the tested circuits can oper- 
ate only within a certain range of pulse 
rates, or i f  a variation in the rate is 
needed, The H P  Model 216A is capable 
of rep rates to 100 MHz for testing fast 
circuits and has a pulse burst feature 
which allows trains of pulses rather than 
a continuous output to be used to check 
systems more thoroughly. 

Triggering 
The trigger requirements for synchro- 

nizing a pulse generator should be evalu- 
ated in light of the triggers available in 
anticipated measurement set-ups. Most 
Hewlett-Packard pulse generators have 
versatile trigger circuits similar to oscillo- 
scopes. These circuits synchronize on 
most waveforms of more than 1 V amp- 
litude. 

Hewlett-Packard pulse generators also 
supply fast rise output triggers for oper- 
ation of external equipment. The output 
triggers may be timed to occur either be- 
fore or after the main output pulse. 

Source impedance 
Generator source impedance is an im- 

portant consideration in fast pulse sys- 
tems. This is because a generator which 
has a source impedance matched to the 
connecting cable will absorb reflections 
resulting from impedance mismatches in 
the external system. Without this match, 
reflections would be re-reflected by the 
generator, resulting in spurious pulses or 
perturbations on the main pulse. 

DC coupling of the output circuit is 
necessary when retention of dc bias levels 
in the test circuit is desired in spite of 
variations in pulse width, pulse ampli- 
tude or repetition rate. 

Applications of pulse and 
square wave generators 

Pulse generators with fast rise times 
are crridely used in the development of 

digital circuitry. Teamed with a suitably 
fast oscilloscope, these generators enable 
evaluation of transistor and diode switch- 
ing times. 

Pulse generators are used as modula- 
tors for klystrons and other rf sources 
to obtain high peak power while main- 
taining low average power. 

Figure 2.  Test pulse description in  terms of 
primary characteristics. 

Pulse generators also are used for im- 
pulse testing. A very short pulse is rich 
in harmonic frequency components, so 
that impulse testing amounts to simul- 
taneous frequency response testing of 
components or systems. 

A relatively new application of fast 
pulse instruments is the testing of trans- 
mission lines, discussed in more detail on 
page 442.Very fast pulse generators ( H P  
Models 213B, 215A and 1105A/1106A) 
used with fast oscilloscopes ( H P  Models 
1430A or 1432A) also can measure the 
stray inductances and capacitances of 
components. 

Tests of linear systems with pulse or 
square wave generators and oscilloscopes 
are dynamic tests which quickly analyze 
system performance. Because of the 
Fourier transform relationships between 
the transient response of a system and 
its frequency and phase characteristics, 
overall system response can be evaluated 
by observing the pulse response on an 
oscilloscope. 

Hewlett-Packard designs pulse gen- 
erators with the fast rise times, matched 
source impedance, flexible pulse width 
and amplitude control, and versatile 
triggering capabilities required by a wide 
range of measurements. Particular at- 
tention Iias been paid to the quality of 
the output pulse, with all aspects of 
pulse shape carefully controlled and 
specified in detail. 



31 1 

SQUARE WAVE AND PULSE 
GENERATORS 

Models 211B,211A, 1105A/1106A, 2136 

Model 21 1 6 Square Wave Generator 
T h e  Model 211B is a compact, fully transistorized Square 

Wave Generator designed for general purpose laboratory 
and production line applications. It provides frequency cov- 
erage from 1 Hz to 10 M H z  in seven decade ranges with a 
linearly calibrated dial for continuous adjustment on all 
positions. A constant repetition frequency is maintained as 
the symmetry control varies the “on” time from 25 - 75% 
of the period. 

~~ 

Specifications, Model 211B 
Symmetry control: variable from 25 - 75% duty cycle. 
Polarity: negative. 
Phase difference: 180”  between 50 and 600 ohm outputs at  

Source R C  50 ohms *3% shunted by approximately 1 5  pF. 
50% duty cycle. 

Pulse shape: (measured at 5 V into 50 ohms). 
Rise and fall times: less than 5 nsec. 
Overshoot and ringing: less than 57* peak of pulse am- 

Reshoot: less than 5%.  
Corner rounding: occurs no sooner than 95% of full 

plitude. 

pulse amplitude. 
Amplitude: 

Peak voltage: 5 V into 50 ohms, 10  V into an open cir- 
cuit; output circuit protected, cannot be damaged 
by shorting. 

Attenuator: 0.05 to 5 V, in a 1, 2.5, 5 sequence. 
Vernier: provides continuous adjustment between ranges; 

minimum output less than 0.02 V into 50 ohms; 
rotating vernier to minimum (ccw) may increase pre- 
shoot to 10%. 

Source R C  600 ohms *lo%. 
Rise and fall times: less than 70 nsec into 600 ohms, less 

than 140 nsec into an open circuit; decreased amplitude 
setting will improve rise time. 

Overshoot and ringing: less than 5%.  
Amplitude: 

Peak voltage: at least 30 V into 600 ohms, a t  least 60 

Attenuator: provides continuous adjustment from full 
V into an open circuit. 

output to less than 0.3 V into 600 ohms. 

Repetition rate and triggering 
Internal: 

Repetition rate: 
50 ohm output: 1 Hz to 10 MHz,  7 ranges. 
600 ohm output: 1 Hz to 1 MHz, 6 ranges. 

Dial calibration: 1-10 (l inear),  
Accuracy: &5% to 10 MHz at 50% duty cycle; variation 

of symmetry control may change frequency an addi- 
tional t570 (1070 on 10 MHz range).  

Period jitter: less than 0.2% at any duty cycle and rep rate 
setting. 

External: 
Sync input: sine waves or positive pulses from 1 Hz to 

10 MHz; frequency of synchronizing signal must be 
105-140% of dial setting. 

Sensitivity: dc coupled positive pulses, 1 V peak; sine 
waves, 2 V peak-to-peak, 

Input resistance: approximately 500 ohms. 

other Model 211B). 
Width: 10 ( k 5 )  nsec at 50Y0 points. 
Amplitude: at least 1 V into 50 ohms. 
Timing: coincident with leading edge of 50 ohm pulse. 
Polarity: positive or negative. 

Trigger output pulse: (suitable for synchronizing with an- 

General 
Power: 115 or 230 V +loyo -15%; 50 to 400 Hz; 

Dimensions: 7%” wide, 6y8” high, 11” deep overall (190 x 

Weight: net 9 Ibs ( 4  kg) ; shipping 11 lbs ( 5  kg)  , 
Price: H P  Model 211B, $395. 

23 watts. 

155  x 279 m m ) .  

Model 21 1A Square Wave Generator 
The Model 211A Square Wave Generator is a versatile, 

wide-range instrument particularly designed for testing video 
and audio amplifier performance, or for use as a trigger 
generator. It provides complete coverage of all frequencies 
from 1 Hz to 1 MHz,  and has a rise time of 0.02 micro- 
second, There are two separately variable outputs-a 3.5- 
volt peak 75-0hm impedance circuit for television measure- 
ments, and a 27-volt peak 600-ohm output for high-level 
work. T h e  generator may be operated free-running or ex- 
ternally synchronized. 
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Specifications, Model 21 1A 
Frequency range: 1 Hz to 1 MHz,  continuous coverage. 
Low impedance output: -3.5 volts peak across 75-ohm load; 

-7 volts open circuit, zero level clamped to chassis; rise 
time less than 0.02 psec. 

High impedance output: -27 volts peak across 600-ohm 
load; -55 volts open circuit, zero level clamped to chas- 
sis; rise time less than 0.1 psec. 

Relative phase: 180’ phase difference between high- and 
low-impedance output signals. 

Amplitude control: low impedance output, potentiometer and 
60 dB attenuator, variable in 20 dB steps; high imped- 
ance output, potentiometer. 

Frequency control: dial calibrated “1 to 10” and decade mul- 
tiplier switch; six bands. 

Symmetry control: allows exact square-wave balance. 
Sync input: positive-going pulse or sine wave signal, mini- 

Power: 115 dr  230 volts +lo%, 50 to 60 Hz, 225 watts. 
Dimensions: cabinet: 9%’’ wide, 15%“ high, 145/8” deep 

(238 x 388 x 372 m m ) ;  rack mount: 19” wide, 8%” 
high, 133/s” deep behind panel (483 x 222  x 340 mm). 

Weight: net, 26 lbs (11,7 k g ) ;  shipping, 29 lbs (13 kg)  
(cabinet); net, 24 Ibs (10 ,8) ;  shipping, 35 Ibs (15,8 
kg)  (rack mount).  

Price: H P  Model 211A, $350 (cabinet); H P  Model 211AR, 
$355 [rack mount).  

The  Model 1105A/1106A produces a pulse of about 20 
psec rise time, ideal for fast circuit testing or high resolution 
TDR.  The  pulser is made up of two parts: the Model l l 0 5 A  
Pulse Generator Supply and the Model l lO6A Tunnel 
Diode Mount. The  Model l lO6A may also be used with the 
Model 1 1 0 4 4  Countdown Supply to form an 18 G H z  trig- 
ger countdown. 

mum amplitude 5 volts peak. 

Model 1105A/1106A 2 0  psec Pulse Generator 

Electrical: dc resistance, 50 ohms ~ 2 % ;  source re- 
flection, less than lo%, using a 40 psec T D R  system; 
dc offset voltage, approximately 0.1 V .  

Triggering 
Amplitude: at least k 0 . 5  V peak required. 
Rise time: less than 20 nsec required; jitter less than 1 5  

psec when triggered by 1 nsec rise time sync pulse from 
Model 1424A or 1425A Sampling Time Base sync 
pulse; jitter increases with slower trigger rise times. 

Width: greater than 2 nsec. 
Maximum safe input: 10 volts. 
Input impedance: 200 ohms, ac coupled through a 20 pF  

Repetition rate: 0 to 100 kHz; free runs : approxlookHz.  

One  6-ft 50-ohm cable with male Type N connectors, 
H P  Model 10132A. 

Model 1105A: net, 3 Ibs (1 ,4  kg)  ; shipping, 8 lbs ( 3 , 6  kg) . 
Model 1106A: net, 1 Ib (0,5 kg)  ; shipping, 3 Ibs (1,4 k g ) .  
Price: H P  Model 1105A, $200; HP Model i loGA, $550. 

capacitor. 

Accessories provided (with Model 1105A): 

Weight: 

Model 213B 100 psec Pulse Generator 
The  outstanding performance of the Model 213B makes 

it convenient for many small amplitude pulse test applica- 
tions ranging from circuit rise time testing and bandwidth 
determinations to the measurement of transistor switching 
speeds. 

Specifications, Model 1105A/1106A 
output 

Rise time: approximately 20 psec; less than 35 psec ob- 
served with HP Model 1411A/1430A 28 psec Sampler 
and HP Model 909A 50 ohm termination. 

Overshoot: less than k57~ as observed on Model 1411A/ 
1430A with Model 909A. 

Droop: less than 3% in first 100 nsec. 
Width: $pproximately 3 p e c .  
Amplitude: greater than +200 mV into 50 ohms. 
Output characteristics (Model 1106A): 

Mechanical: precision 7 mm (Amphenol APC-7) con- 
nector. 

Specifications, Model 2138 
output 

Rise time: less than 100 psec. 
Top droop: less than 2% in first 100 nsec following the 

Width: approximately 2 p e c .  
Amplitude: greater than 175 mV into 50 ohms, 350 mV 

Source: 50 ohms. 
Jitter: less than 20 psec when triggered with the sync pulse 

Repetition rate: free runs at a rate greater than 100 kHz, 

rise. 

open circuit, either polarity. 

from a Model 1424A or 1425A. 

or may be triggered. 
Trigger input 

Amplitude: 0.5 volt peak, either polarity. 
Rise time: 20 nsec or faster. 
Width: at least 2 nsec. 
Maximum current: 200 mA peak, 
Impedance: 200 ohms for signals less than 0.75 volt 

Repetition rate: 0 to 100 kHz. 

Power: 115 or 230 volts +lo%, 50 to 1000 Hz, approx 

Dimensions: 1Y2” high, 51/8” wide, 5” deep (38  x 130 

Weight: net, 2 lbs (0 ,9  k g ) ;  shipping, 4 lbs (1,8 k g ) .  
Price: H P  Model 213B, $550. 

peak; limiting lowers impedance to larger signals. 

General 

1 watt. 

x 127 mm). 
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Model 8001A Pulse Generator 

The Model 8001A Pulse Generator provides pulses with 
1 nanosecond rise and fall times and with exceptionally well 
controlled shape. Variable amplitude, delay, width, and 
repetition rate make it an ideal pulse source for testing high 
speed semiconductor devices and broadband circuits. 

T h e  output is carefully specified in every respect for ac- 
curate dependable measurements, A vernier and step atten- 
uator allows continuous adjustment of pulse amplitude from 
0.04 V to 10  V.  Internal repetition rates from 100 Hz to 
200 kHz can be selected in three overlapping ranges. The  
8oolA may also be triggered externally for repetition fre- 
quencies from dc to 270 kHz. A countdown circuit enables 
synchronization up to 10  MHz.  

8001A 

Specifications, 800 1 A 
Pulse shape 

Leading edge characteristics: 
Rise time: < 1 ns. 
Overshoot and ringing: < 3 %  peak of pulse amplitude. 
Perturbations on flat top: < 2 %  of pulse amplitude. 

Fall time: <1 ns. 
Overshoot and ringing: < G o / ,  peak of pulse amplitude. 

Trailing edge characteristics: 

Amplitude 
Max. voltage: 10 volts across 50 ohms. 
Attenuator: provides seven steps from 0.1 to 10 volts in a 

1, 2, 5 sequence. 
Vernier: provides continuous adjustments between ranges, 

minimum output less than 0.04 volts across 50 ohms. 
Polarity: positive or negative. 
Source impedance: 50 ohms nominal. 
Pulse width: continuously variable from 100 ns to 500 ns. 
Repetition rate and trigger 

Internal: 
Repetition rate: 100 Hz to 200 kHz in 3 ranges, con- 

Manual: pushbutton for single pulse. 

Triggering: dc-coupled; pulses or sine waves from 0-270 

Count down: counts down frequencies up to 10 MHz. 

tinuously variable. 

External: 

kHz;  either positive or negative slope. 

Trigger output pulse 
Polarity: positive. 
Amplitude: at least 2 volts across 50 ohms. 
Width: 20 ( k 4 )  ns at 50% points. 

ns delay with respect to output pulse. 

Power: 115 V/230 V switch +15%,  50-60 Hz 35 watts. 
Dimensions: 16y4” wide, 5y2” high, 13%’’ deep (425 x 

Weight: net 17 lbs (7,5 k g ) ;  shipping 23 lbs (10  k g ) .  
Price: H P  Model 8001A, $1070. 

Timing: main pulse adjustable from 100 ns advance to 300 

General 

140 x 336 m m ) .  

M a n u f a c t u r e d  by  Hewle t t .Packard  GmbH. ,  West Germany.  

Low-priced 1 nsec pulser, Model 8000A 
T h e  H P  Model 8000A Pulser provides 1 nanosecond rise 

time pulses at a 100 kHz repetition rate. Fast rise time and 
clean pulse shape make this instrument particularly suitable 
for accurate determination of the pulse response of high- 
speed components, circuits and instruments. Amplitude is 
adjustable in 1, 2, 5 se- 
quence from 0.1 volts to 10 
volts, either polarity. An 
advanced trigger is avail- 
able 200 nsec in advance 
of the pulse, so the pulser 
may be used with sampling 
oscilloscopes without delay 8000A 
lines. 

Specifications, 8000A 
Output pulse 

Rise time: <I nanosecond for  negative pulses; <1 2 

Amplitude: 0.1 V to 10 V into 50 ohms, adjustable in 

Polarity: positive or negative. 
Shape: overshoot and pulse top variations < & 2 % .  
Width: flat top maintained for at least 100 nanoseconds 
Fall time: < 20 nanoseconds. 
Repetition rate: 100 kHz k 2 0 7 0 .  
Source impedance: 50 ohms nominal 

Timing: 200 nanoseconds advance 2 2 0 % .  
Jitter: < 100 picoseconds, trigger to output. 
Rise time: < 6 nanoseconds. 
Amplitude: 0.5 V into 50 ohms. 
Polarity: negative. 
Width: 20 nanoseconds +20% (between 107~ points). 

Power: 115  V/230 V switch &lo%, 50 to 400 Hz 
Dimensions: 594’’ wide, 3-7/16” high, lly8” deep (130 

Weight: net 4 Ibs ( 1 , s  k g ) ;  shipping 6 lbs (2,7 k g ) .  
Price: H P  Model 8000A, $375. 

nanoseconds for positive pulse. 

1,  2 ,  5 sequence. 

Trigger pulse 

General 

x 87 x 295 m m ) .  

M a n u f a c t u r e d  by  Hew le t t -Packa rd  G m b H  , West Germany.  
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DIGITAL DELAY GENERATOR 
Digitally controlled time intervals, pulses 
Model 218AR 

The H P  218AR Digital Delay Generator is designed to 
generate precise time intervals and single, double or super- 
imposed pulses. I t  is useful as a general-purpose laboratory 
pulse generator and because of its versatile plug-in pulse 
generators, it often can take the place of several special- 
purpose instruments. 

The  218AR consists of (1) a pulsed crystal oscillator 
which is started in known phase by the initial trigger (start) 
pulse, eliminating the +1 count error; ( 2 )  a dual-preset 
digital counter which counts the crystal or externally ap- 
plied frequency, and operates ( 3 )  two preset gates which 
pass the selected pulses. 

Plug-ins include the 219A Dual Trigger Unit to supply 

trigger pulses for controlling auxiliary equipment, $1 2 5 ; 
the 219B Dual Pulse Unit to deliver fast-rise-time, high- 
power pulses that are digitally delayed, $490; and the 219C 
Digital Pulse Duration Unit, which produces a high-power 
output pulse whose delay and duration may be digitally 
controlled, $375. Output pulses of the 219A are identical 
to the sync output of the 218AR. The  219B pulses are indi- 
vidually adjustable, 0 to k 5 0  V peak open circuits from a 
50-ohm source. Pulses from the 2 1 9 c  are 90 V peak (or  
more) ,  open circuit, from a 500-ohm source or adjustable 
from 0 to 1 5  V peak from a 90-ohm source. The  positive 
excursion of the pulses is clamped to ground, and both posi- 
tive- and negative-going pulses are available simultaneously. 

219A 

219B 

219C 

Specifications 
(Plug-in necessary to operate) 

Time interval range: (To to TI and To to T,) 1 to 10,000 
pet; accuracy +O.lpsec & O . O O I ~ O  of time interval 
selected. 

Digital adjustment: 1 to 9999 psec in 1 p e c  steps. 

Interpolation: continuously adjustable; adds 0 to 1 psec to 
digital setting. 

Input trigger: internal: 10 Hz to 10 kHz, 3 decade ranges; 
external: sine wave, 10 to 100 Hz, 5 to 40 V rms, 100 Hz 
to 10 kHz, 2 to 40 V rms; pulse, 0 to 10 kHz, postive or 
negative, 2 to 40 V peak; for trigger rise time of 0.05 
p e c  or less, delay between external trigger and To is less 
than 0.5 psec; manual: pushbutton operation initiates 
single pulse cycle. 

Jitter: 0.02 p e c  or less. 

Recovery time: 70 p e c  or 10% of selected interval, which- 

Sync output: positive pulse, 50 to 70 V peak, open circuit, 
ever is greater. 

0.1 p e c  rise time; width more than 1.5 psec; available 
at T,, TI, or T, as selected by a switch. 

1 MHz output: 1 M H z  positive pulses (1 V from 500-ohm 
source) provide timing comb synchronized to start pulses; 
available at panel connector for duration of longer delay 
when counting internal 1 MHz oscillator. 

External counting: external sine waves, 100 Hz to 1 MHz, 2 
V rms minimum; 10 to 100 Hz, 5 V rms minimum, and 
positive pulses, periodic or random, 0 to 1 MHz,  2 V peak, 
can be counted instead of internal standard; time interval 
range becomes 3 to 9999 periods in 1-period steps, and 
accuracy is +0.1 psec period. 

Power: 115 or  230 V *lo%, 50 to 60 Hz, 555 W. 
Dimensions: 14” high, 19” wide, 2174” deep behind panel 

Weight: net 74 lbs (34 kg)  ; shipping 103 Ibs (47 k g ) .  
Price: H P  218AR, $2250 (requires H P  219A,B,C Series 

(355 x 483 x 553 m m ) .  

plug-in units). 
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T h e  Model 222A combines many features normally found 
only on more expensive instruments to  provide an easy-to- 
use, yet versatile, general-purpose pulse generator. The  4 
nsec rise time and full complement of controls permit a 
wide variety of pulse testing, including square wave testing. 
Oscilloscope-type triggering, variable pulse width, repetition 

rates to 10 MHz, closely specified pulse shape and many 
other features provide accurate, dependable measurements. 
The Model 222A, like other HP pulse generators, has a 
50-ohm output impedance for  eliminating error-producing 
reflections. T h e  output pulse may be delayed from the trigger 
output by u p  to  5 msec for further measurement convenience. 

Output pulse 
Source RC: 50 ohms shunted by approximately 1 5  pF 

Amplitude 
throughout specified output voltage range. 

Peak voltage: 10 volts across 50 ohms; approximately 1 2  
volts maximum. 

Amplitude control: step attenuator provides 0.1, 0.2, 0.5, 
1, 2, 5, 10 volts across 50 ohms; continuously variable 
between steps; minimum output less than 0.05 volts. 

Polarity: positive or negative. 
Pulse width 

Range: 30 nsec to 5 msec in 6 ranges, continuously vari- 
able between ranges. 

Duty cycle: maximum duty cycle >50% from 100 Hz to 
10 MHz; for maximum stability at high duty cycles, se- 
lect width range which allows maximum clockwise 
rotation of width vernier; duty cycle from 10 to 100 
Hz limited by 5 msec maximum pulse width. 

Width jitter: <0,2% of maximum range width. 

Leading edge only (measured at 10 volts into 50 ohms) 
Rise time: <4 nsec. 
Overshoot and ringing: <49& peak of pulse amplitude. 
Corner rounding: occurs no sooner than 95% of pulse 

Time to settle within 3% of flat top: approximately 20 

Preshoot: < 2 9&, 

Fall time: < 4  nsec. 
Overshoot and ringing: <4% peak of pulse amplitude. 
Corner rounding: occurs no sooner than 95% of pulse 

Time to settle within 2% of base line: less than 

Preshoot: <4%. 

Pulse shape 

amplitude. 

nsec. 

Trailing edge only (measured at 10 volts into 50 ohms) 

amplitu4e. 

20 nsec. 

Specifications 
Perturbations on flat top: < 3 %  of pulse amplitude 

I -  A 

Pulse delay: pulse delayed from trigger output 'by < 100 
nsec to 5 msec in 6 ranges, continuously variable 
between ranges. 
Delay jitter: < O  2 %  of maximum delay. 

Repetition rate and trigger 
Internal 

Repetition rate: 10 Hz to 10 MHz in 6 ranges, contin- 

Jitter: period jitter in any frequency range <0.2% of 

Manual: pushbutton single pulse. 

Triggering: ac  coupled; sine wave from 10 Hz to 10 MHz, 
pulse from 0 to 10 MHz, either postive or negative slope. 

Sensitivity: 1 volt p-p minimum; external pulses must be 
at  least 10 nsec wide: maximum input 20 volts peak; 
0.25 watt maximum average power. 

uously variable between ranges. 

maximum period of that range. 

External 

Input resistance: approximately 500 ohms. 

External trigger delay: less than 20 nsec between leading 
edge of external trigger input pulse and leading edge 
of trigger output pulse. 

Trigger output pulse: 
Width: 2 2  (-+8)nsec at 50% points. 
Amplitude: >I volt into 50 ohms. 
Rise time: <IO nsec. 
Polarity: negative. 

General 

Power: 115 or 230 V *lo%, S O  to 60 Hz, 80 W. 
Dimensions: 16%'' wide, 5 % "  high, 13%'' deep (425 x 

140 x 336 mm)  ; hardware furnished for quick conversion 
to 5%"  x 19" rack mount, 11%" deep behind panel 
(133 x 483 x 298 nini). 

Weight: net 18 lbs ( 8  kg) ; shipping 23 lbs ( lo , .% kg) .  
Price: HP Model 222A, $690. 
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PULSE GENERATOR 
Delivers 200 watts pulse power 
Model 214A 

The HP Model 2 1 4 4  features 200 watts pulse power, 
controlled pulse shape, external trigger slope and level 
selection, and a 50-ohm source impedance for general- 
purpose lab and production measurements, 

The  200-watt ( 2  amps peak) pulse power is particularly 
suited for testing current-driven devices such as magnetic 
memory cores, as well as high-power modulators. At out- 
put levels below 50 volts, the pulse generator has a matched 
source impedance of 50 ohms, eliminating error-producing 
reflections, The  pulse characteristics are carefully controlled, 

to insure accurate, dependable test results. 
The  214A offers an extremely wide range of trigger 

control for syncing on external signals. In addition, slope 
and level may be selected so that triggering occurs at a given 
point on the trigger waveform. Also provided is a \rariable 
delay or advance trigger output signal for use in synchroniz- 
ing external equipment. 

The  pulse generator may be gated to provide bursts of 
pulses. This feature is especially useful for computer logic 
measurements. Also, a double t7ulse feature is Drovided for 

and pulse rate, width and delay jitter are kept to a minimum pulse resolution tests of amplifiers and memory cores. 

Specificat ions 
Output pulse 

Source resistance: 50 ohms on the 50 V and lower ranges: 

Pulse shape: 
approximately 1500 ohms on the 100 V range. 

Rise and fall time: < 1 3  nsec on the 20 V and lower ranges 
and the -50 V range, < 1 5  nsec on the -C 50 V range; typi- 
cally < 10 nsec with the vernier set for  maximum attenuation, 
and typically 1 5  nsec on 100 V range. 

Pulse amplitude: 100 V into 50 ohms. An attenuator proiides 
0.2 to 100 V in a 1, 2,  5 ,  10 sequence ( 9  ranges);  vernier 
reduces output of 0.2 V setting to 80 mV and provides con- 
tinuous adjustment between ranges. 

Polarity: positive or negative. 
Overshoot: < 5 % ,  both leading and trailing edges.* 
Pulse top variations: < 5 7 c .  
Droop: <6%. 
Preshoot: < 2 7 ~ ,  
Pulse width: 50 nsec to 10 nisec in 5 decade ranges; continu- 

Width  jitter: <0.05% of pulse width + 1  nsec. 
Pulse position: 0 to 10 msec advance or delay with respect to 

trigger output ( 5  decade ranges) continuously adjustable 
vernier. 

Position jitter: <0.05% of advance or delay setting + 1 nsec (be- 
tween trigger pulse and output pulse).  

ously adjustable vernier, 

Repetition rate and trigger 
Internal 

Repetition rate: 10 Hz to 1 MHz ( 5  ranges). continuously ad- 

Rate jitter: <0.5% of the period. 
hianual: pushbutton single pulse, 2 Hz maximum rate. 

justable vernier. 

External 
Repetition rate: dc t o  1 hiHz. 
Sensitivity: <0.5 V peak. 
Slope: positive or negative. 
Level: adjustable from -40 V to 740 V. 
De1ay:delay between input trigger and leading edge of pulse out 

is approx. 250 nsec. in Pulse Advance mode (approx. 420 
nsec minimum in Pulse Delay mode) ,  

External gating: + 8  V signal gates pulse generator on; maximum 

Double pulse 
input, 40 V peak. 

Minimum spacing: 1 psec on the 0.05 to 1 &sec pulse width 
range and 25% of upper limit of width range for all other 
ranges. 

Trigger output 
Amplitude: > 10 V open circuit. 
Source resistance: approximately 50 ohms. 
Width :  0.05 psec, nominal. 
Polarity: positive or negative. 

General 
Maximum duty cycle: 10% on 100 and 50 V ranges; 2 5 %  on 20 

Power: 115 or 230 V & l o % ,  50 to 60 Hz, 3 2 5  W. 
Dimensions: 16%" wide, 7%'' high, 18%" deep overall (425 x 

184 x 466 mm) ; hardware furnished for quick conversion to 
7" x 19" rack mount, 16%" deep behind panel (178 x 483 x 
416 nini). 

V range; 50% on 10 V and lower ranges. 

Weight: net 35  Ibs (15,8 k g ) ;  shipping 41 Ibs (18,5 k g ) .  
Price: H P  2 1 4 4 ,  $875. 

'Measured on a 50 MHz osci l loscope. 
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PULSE GENERATOR 
Controlled, fully specified output pulses 

Model 215A 

The  Model 215A Pulse Generator combines in one com- 
pact unit the many capabilities desired for fast pulse testing. 
T h e  fast rise and fall time and extremely low pulse jitter 
make the Model 2 15A particularly useful in measuring 
transition storage times of semiconductors, logic circuits 
and thin film memory units. 

The  output pulse of the Model 2 15A is carefully controlled 
to approximate an ideal pulse shape and is specified in every 
respect for accurate, dependable measurements. One  nano- 

second rise and fall time pulses of either polarity with nearly 
an ideal pulse shape, combined with calibrated pulse width 
and delay controls, adjustable pulse amplitude, variable pulse 
rate to 1 MHz and a true 50-ohm source impedance provide 
maximum measurement capabilities. 

The true 5 0-ohm source impedance insures clean output 
pulses, regardless of the load impedance, since any reflection 
from the circuit under test will be absorbed by the 50-ohm 
generator impedance. 

Specifications 
Source impedance: 50 ohms t 3 7 0 ;  3% maximum reflection when 

driven by a pulse with 1 nsec rise time from an external 50-ohm 
system. 

Rise time: < 1 nsec ( 10 to 90% points).  
Overshoot and ringing: overshoot, < 5 %  peak; ringing, < * 5 %  

Corner rounding: occurs no sooner than 95% of pulse amplitude. 
Time to achieve flat top: < 6  nsec. 

Fall time: < 1 nsec ( 10 to 90% points).  
Overshoot: <5%.  
Rounding: occurs no sooner than 95% of fall. 
Time to settle within 2% of baseline: 10 to 25 nsec, varies with 

Leading edge only 

of pulse amplitude. 

Trailing edge only 

width setting. 
Baseline shift: <0.1% under all conditions. 
Preshoot: < I % .  
Perturbations on flat top: <2% of pulse amplitude. 
Peak voltage: > l o  volts into 50 ohms; >20 volts open circuit. 
Polarity: positive or negative. 
Attenuator: 0 to 12  dB in 1 dB steps, absolute accuracy within 

h O . 1  dB. 
Pulse width (between 50% points): continuously adjustable to 

100 nsec; dial accuracy within f5% k 3  nsec, width jitter less 
than 50 psec. 

External bias: up to * 100 mA ( f 5 V dc) may be safely applied 
to the output; at 0 dB attenuator setting, up to 10 mA (0.5 V dc) 
may be applied without significant change in pulse shape ( S %  
droop) ,  increasing to 40 mA at 12 dB; in most cases, adjusting the 
front-panel pulse-shape controls will restore original pulse shape. 

Repetitive rate sources 
Internal repetition rate: < l o 0  Hz to >1 MHz in 4 ranges, con- 

tinuously variable between ranges; period jitter < 3  x lo-) of 
one period. 

Manual: pushbutton single pulse. 
Trigger timing: adjustable from 10 nsec delay to 140 nsec advance 

with respect to leading edge of output pulse; dial accuracy within 
* lo% -+5 nsec; jitter <50  picoseconds. 

External triggering: ac coupled, sine waves from 10 Hz to 1 MHz;  
pulses from 0 to 1 MHz, either positive or negative slope. 
Trigger level: external trigger level continuously variable, from 

approximately f 8  to -8 volts. 
Sensitivity: 1 V peak to peak min.; external pulses must be at least 

30 nsec wide; max. input 50 V peak, 0.5 W max. average power. 
Input resistance: approx. 50 ohms or High 2 available by front- 

panel switch; High Z is approx. 100 k Q  for negative slope 
setting, approx. 5 kQ for positive slope setting. 

Countdown: counts down from frequencies to 100 hlHz, 2 V rms 
amplitude; resulting pulse repetition rate is always <1.3 MHz;  
jitter is < l o %  of one period of the triggering signal. 

External trigger delay: approximately 2 50 nsec between leading 
edge of trigger pulse (2 voIt step, 2 nsec rise time into 50 ohms) 
and leading edge of output pulse; <50  psec jitter. 

External gating: gates on with 'a +1 volt pulse; maximum input 
50 V peak, 20 V rms. 

Width: 50 nsec, nominal. 
Amplitude: >1 volt peak into 50 ohms, 
Rise time: < 6  nsec. 
Polarity: positive or negative. 

Trigger output pulses 

Power: 115  or 230 volts f l o % ,  50 to 60 Hz, 60 watts. 

Dimensions: 51/2" high, 16%" wide, 183/~'' deep (175 x 425 x 466 
mm) ; hardware furnished for quick conversion to 5 % "  x 19" 
rack mount, 16%" deep behind panel (134 x 483 x 416 mm) .  

Weight: net 34 Ibs (15,3 kg) ; shipping 41 lbs (18,5 k g ) .  

Accessories furnished: Model 10120A cable, 3 feet, BNC-to-BNC, 
50 ohms t 0 . 5  ohm. 

Accessories available: Model 10122A cable, 3 feet, BNC-to-Type 
N ,  50 ohms t 0 . 5  ohm, $10; Model 908A, 50-ohm Coaxial Termi- 
nation, $35; Model 10451A Multipulser generates pulse bursts to 
simulate 15 to 200 MHz rep rate,$l50; Model 10240A Blocking 
Capacitor, 0.1 pF,isolates Model 215A from up to 200 V dc, $70. 

Price: HP Model 215A, $1875 
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The Model 216A offers pulse repetition rates up to 100 MHz 
for testing fast circuits, yet retains a nearly ideal pulse shape 
with 2 . 5  nsec rise time for accurate, dependable measurements. 
In addition, bursts of pulses may be produced internally to sim- 
d a t e  pulse trains for logic circuit testing. 

Pulse height is continuously variable, allowing exact pulse 
amplitudes to be selected for precise testing. The dc-coupled 
output eliminates baseline shift with changes in rep rate, and 
the 50-ohm output impedance prevents multiple reflections, 
insuring clean, easy-to-interpret waveforms. 

Source RC: 50 ohms, +3%, shunted by approximately 10 pF 

Leading edge only (at 10 V output into 50-ohm load).  
throughout specified output voltage range. 

Rise time: <2.5 nsec. 
Overshoot and ringing: overshoot <4% peak, ringing *4% 

Corner rounding: occurs no sooner than 96% of pulse am- 

Time to achieve flat top: approximately 20 nsec. 
Preshoot: <3%. 

Fall time: < 2 . 5  nsec. 
Overshoot: <4%, 
Corner rounding: occurs no sooner than 96% of fall. 
Time to settle within 2% of base line: approx. 20 nsec. 
Preshoot: < 5 yo. 

p-p of pulse amplitude. 

plitude. 

Trailing edge only (at 10 V output into 50-ohm load).  

Perturbations on flat top: <3% of pulse amplitude. 
Peak voltage: >IO volts into 50 ohms to 100 MHz, (15 volts 

Attenuator: 1, 2 ,  5 ,  10 volt steps. 
Polarity: positive or negative. 
Vernier: provides continuous adjustment from approximately 

maximum amplitude into open circuit). 

0.3 volts to 10 volts. 

Pulse width: continuously variable in two ranges, from approx- 
imately 5 nsec to 2 5  nsec and from 2 5  nsec to 100 nsec; 
width jitter < lo0  psec +0.3% of pulse width with count- 
down ratio set for minimum jitter. 

Maximum duty cycle: >45Yo up to 50 MHz decreasing to 
approximately 20% at 100 MHz. 

Internal repetition rate: 1 MHz to 100 MHz in 3 ranges. 

External triggering 

Frequency: sine waves from 1 MHz to 100 MHz, negative 
pulses from 0 to 100 MHz; pulse rise time <lo0  nsec; 
pulse width > 2  ns. 

Sensitivity: at  least 0.5 volt peak minimum; maximum input, 
10 volt peak. 

Specifications 
Input impedance: approximately 50 ohms, ac coupled 
External trigger deja;: approximately 140 nsec ;IO% be- 

tween leading edge of input trigger pulse and leading edge 
of output pulse. 

Trigger output pulse 
Width: 3.5 nsec *I  nsec. 
Amplitude: >0.7 volts peak into 50 ohms. 
Polarity: negative 
Trigger timing: approximately 130 nsec r 10% advance with 

respect to leading edge of output pulse. 
Countdown trigger output 

Amplitude: >O 5 volt peak into 50 ohms. 
Polarity: positive. 
Countdown frequency: variable from approximately 250 kHz 

to 450 kHz. 
Gating of pulse bursts 

Internal 
Gate width: variable from approx. 20 nsec to 750 nsec. 
Gate repetition rate: variable from approximately 250 

External: gates on with 12 volt pulse having rise and fall 

Perturbations: perturbations on gate envelope < 5 %  into 50 
ohms, above 50 M H t  width varies slightly from pulse to 
pulse. 

General 
Power: 115 or 230 volts &lo%, 50 to 60 Hz, 120 watts. 
Dimensions: 51/2" high, 16%'' wide, 18%'' deep (175 x425 x 

466 mni) ,  hardware furnished for quick conversion to 
51/4" x 19" rack mount, 163/g" deep behind panel (134 x 
483x416 m m ) .  

kHz to 450 kHz. 

times of < 5  nsec; maximum input, 10 volts. 

Weight: net 2 5  lbs (11 k g ) ;  shipping 31 lbs (14 kg) .  
Accessories available: Model 10120A Cable, 3 feet, BNC-to- 

BNC, 50 ohms k0.5  ohm, $10; Model 10122A Cable, 3 feet, 
BNC-to-Type N ,  50 ohms 2 0 . 5  ohm, $10; Model 308A 
50-ohm Coaxial Termination, $35 ; Model 10240A Blocking 
Capacitor, 0.1 FF, isolates Model 216A from up to 200 v 
dc, $70. 

Price: H P  Model 216A, $1775. 
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Signal sources have been described by 
various names-oscillators, test oscilla- 
tors, audio signal generators, etc. Differ- 
ent names are applied, depending on the 
design and intended use of the source. 
The oscillator is basic to all the sources 
and generates sine-wave signals of known 
frequency and amplitude. In the recently 
developed transistorized sources, the 
name "test oscillator" has been used to 
describe an oscillator having a calibrated 
attenuator and output monitor. The term 
"signal generator" is reserved for an os- 
cillator with modulation capability. 

Oscillators generate a broad range of 
frequencies at a variety of power levels 
for many different load impedances. 
Table 1 illustrates the frequency range 
and power output of Hewlett-Packard 
oscillators. The 651B, for example, covers 
a frequency range from 10 Hz to 10 M H t  
with a power of 200 m W  into 50 ohms, 
or 16 m W  into 600 ohms. 

Basic oscillator requirements 
In selecting an oscillator, the user will 

be most interested in its frequency cover- 
age. The question to be answered here is, 
"Will the instrument supply both the 
lowest and highest frequencies of interest 
for anticipated tests?" As shown on the 
chart, Hewlett-Packard manufactures a 
broad range of oscillators and function 
generators covering the frequency spec- 
trum from 0.00005 Hz to 22  MHz. 

The user's next concern will be with 
the available output power or voltage. 
Some tests require large amounts of 
power, while others merely require suf- 
ficient voltage output. For almost any ap- 
plication, there is a Hewlett-Packard 
oscillator capable of delivering the de- 
sired voltage output into a high-imped- 
ance load or of supplying the desired 
power into lower-impedance loads. 

Most Hewlett-Packard oscillators have 
a low internal impedance. This low im- 
pedance can easily be converted to a de- 
sired output impedance with a resistive 
network. This assures a constant imped- 
ance over a wide frequency range. In 
some cases, transformer coupling is used 
to provide a balanced and isolated out- 
put. Some instruments have transformer 
taps for supplying the wide variety of 
impedances encountered in normal test 
work. Since many audio-range oscillators 
are used with 600-ohm systems, several 
include 600-ohm adjustable attenuators 
on the output. 

Besides frequency range and power 
output, the user will be interested in the 
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Table 1. Frequency range and power output of HP oscillators. Line seg- 
ments show span of each range. 

oscillator's stability, its dial resolution 
and the amount of harmonic distortion, 
hum and noise in the output signal. 

Dial resolution and accuracy 
In the ideal case, the user should be 

able to set the tuning dial of his oscillator 
to a particular frequency with assurance 
that the oscillator will deliver that fre- 
quency at all times. Most dial accuracies 
of Hewlett-Packard oscillators are i: 2 7 5 .  
The dials may be precisely set by a ver- 
nier control, and the calibration marks 
are easily read. The accuracy with which 
the frequency tracks the tuning dial en- 
ters into the overall accuracy figure. 

Frequency stability 
The frequency stability of the oscillator 

determines the ability of the instrument 
to maintain a selected frequency over 
a period of time. Component aging, 
power-supply variations and temperature 
changes all affect stability. The Hewlett- 
Packard designed RC oscillator circuits, 
described later, assure stability by using 
large amounts of negative feedback. 
Carefully chosen components, such as 
Hewlett-Packard precision resistors and 
variable capacitors in the frequency-de- 
termining networks, contribute to long  
term stability. Oscillator stability is in- 
cluded in the overall 2% dial accuracy 
figure. 

Amplitude stability 
Amplitude stability is important in 

certain oscillator applications. Amplitude 
stability is inherent in the Hewlett-Pack- 
ard RC oscillator circuit because of the 
large negative feedback factor and the 
amplitude stabilizing techniques. The 
"frequency response," or amplitude vari- 
ation as the frequency is changed, is of 
special interest when the oscillator is used 
for response measurements throughout 
a wide range of frequencies. 

Distortion 
Distortion in the oscillator's output 

signal is an inverse measure of the purity 
of the oscillator's waveform. Distortion 
is undesirable in that a harmonic of the 
test signal may feed through the circuits 
under test, generating a false indication 
at the output. If the oscillator is used for 
distortion measurements, the amount of 
distortion that it contributes to the mea- 
surements should be far less than that 
contributed by the circuits under test. 

The Hewlett-Packard Wien bridge RC 
oscillator is a low-distortion, sine-wave 
generator; all Hewlett-Packard Wien 
bridge oscillators have less than 1% dis- 
tortion (typically 0 .25%).  Where 0.25% 
distortion may be too large, a selective 
amplifier following the oscillator will re- 
duce this to less than 0.1%. A tuned, 
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selective amplifier is used in the H P  206A 
Low-Distortion, Audio-Signal Generator 
for this purpose. The 203A Function 
Generator is another ideal source with 
low distortion and wide frequency cover- 
age. See page 305, Function Generators. 

Hum and noise 
Hum and noise can be introduced at a 

variety of points in oscillator circuits; but 
when the circuit operates at a relatively 
high level, the amount of hum and noise 
introduced into the device under test is 
usually negligible. Hum and noise intro- 
duced by a power amplifier usually re- 
main constant as the output signal am- 
plitude is diminished. Hence, even though 
the hum and noise power may be quite 
small compared to the rated output, these 
spurious signals sometimes become a sig- 
nificant portion of low-level output sig- 
nals. To overcome such a limitation, 
many Hewlett-Packard oscillators have 
their amplitude control on the output side 
of the power amplifier so that hum and 
noise are reduced proportionally with the 
signal when low-level signals are desired 
for test purposes. 

Theory of operation 
The Wien bridge RC oscillator has 

become the standard oscillator circuit 
for adjustable frequency test signals. 
These oscillators are far less cumbersome 
than the LC types and far more stable 
than the beat-frequency types formerly 
used for the below-rf range. 

The basic Hewlett-Packard Wien 
bridge oscillator circuit, shown in Figure 
1, is a two-stage amplifier with both neg- 
ative and positive feedback loops. Posi- 

Figure 1. Basic HP Wien bridge RC oscillator 
circuit. 

tive feedback for sustaining oscillations is 
applied through the frequency selective 
network, R,C,-R,C,, of the Wien bridge. 

The amplitude and phase characteristics 
of the network, with respect to its driv- 
ing voltage, are shown in Figure 2. These 

Figure 2. Characteristics of frequency.deter- 
mining network. 

curves show the amplitude response is 
maximum at the same frequency at 
which the phase shift through the net- 
work is zero. Oscillations are therefore 
sustained at this frequency. The resonant 
frequency, f,, ,  is expressed by the equa- 
tion : 

f,, = 1 when R, = R, and C, = C,. 
~ T R C ,  

Unlike LC circuits, where the frequency 
varies inversely with the square root of 
C, the frequency of the Wien bridge os- 
cillator varies inversely with C. Thus, 
frequency variation greater than 10-to-1 
is possible with a single sweep of an air- 
dielectric tuning capacitor. Range switch- 
ing usually is accomplished by switching 
the resistors. 

The negative feedback loop involves 
the other pair of bridge arms, R,and R,. 
In a Wien bridge RC oscillator, R, is a 
temperature-sensitive resistor with a posi- 
tive temperature coefficient. It is an in- 
candescent lamp operated at a temper- 
ature level lower than its illumination 
level. This lamp, being sensitive to the 
amplitude of the driving signals, adjusts 
the voltage division ratio of the branch 
accordingly. Thus, as the amplitude of 
oscillations increases,. the resistance of R, 
increases. The negative feedback also in- 
creases, reducing the gain of the amplifier 
and restoring the amplitude to normal. 

The amplitude of oscillations in any 
oscillator increases because of the positive 

feedback until some form of limiting oc- 
curs. The Hewlett-Packard Wien bridge 
RC oscillator depends on the tempera- 
ture-sensitive resistor for amplitude con- 
trol. Thus, the amplifier may be operated 
entirely within the linear portion of its 
transfer characteristic, resulting in a low- 
distortion, sinusoidal output. 

A different type of amplitude stabiliza- 
tion is used in the solid-state Hewlett- 
Packard RC oscillators, such as the 204B, 
20814, 651B and the 652A. Because the 
current drawn by a lamp would be in- 
compatible for use with transistors and 
battery power sources, these instruments 
use a peak-detector circuit which provides 
a bias voltage proportional to the oscilla- 
tor output voltage. 

( + I  FEEDBACK 

H 

(-)FEEDBACK 

Figure 3. Solid.state RC oscillator. 

(See Figure 3 ) .  The output of the am- 
plifier is applied to a transistor biased 
so that it conducts only with the positive 
peaks of the oscillations. When these 
positive peaks exceed a set level, a ref- 
erence diode breaks down, causing a re- 
duction in forward bias of CR1 and CR2. 
The decrease in forward bias causes the 
diodes to conduct less, increasing the dy- 
namic resistance of R,. The increase in 
the impedance of R, increases the nega- 
tive feedback, reducing the amplitude of 
the oscillator output signal. 

The Wien bridge RC oscillator is ca- 
pable of stable oscillations with low dis- 
tortion output. With the addition of a 
power amplifier to isolate the oscillator 
from the load, this circuit is capable of 
providing useful test signals for a broad 
variety of purposes. The low-cost H P  
Model 200AB Oscillator uses such an 
arrangement. 

Pushbutton tuning 
Pushbutton oscillator tuning is possible 

with a modified Wien bridge, as shown 
in Figure 4. Here, the resistive branches 



32 1 

POSITIVE FEEDBACK r =  

Figure  4.  Frequency-se lec t ive  n e t w o r k  f o r  
pushbutton osc i l l a to r .  

of the frequency-selective network are 
made up of parallel combinations of re- 
sistors. The 241A Pushbutton Oscillator 
has three pushbutton, decade-switch se- 
lectors for changing the resistors in the 
frequency selective network. Each decade 
selects resistive value for one pair of re- 
sistors in the frequency-determining net- 
work. 

Ranges are switched by changing ca- 
pacitors with a five-position pushbutton 
switch. Total frequency range of the 
241A Oscillator is from 10 Hz to 1 MHz 
in 4500 discrete steps. An overlapping 
vernier control permits setting to inter- 
mediate frequencies. 

Pushbutton tuning enables the frequen- 
cy to be changed by precise increments. 
Frequency selection to three-digit resolu- 
tion with 1% accuracy and resettability 
to within 0.02% a r e  possible. 

Balanced RC oscillator 
A more refined circuit, the balanced 

Wien bridge RC oscillator, is shown in 
Figure 5. This circuit provides several 
advantages over the basic single-ended 

I + L l  

il 

Figure  5. Ba lanced  RC osc i l l a to r .  

oscillator circuit. One advantage is that 
the circuit is operating in a balanced 
mode, which means that balanced output 
may be obtained directly from the oscil- 
lator-cathode followers without use of a 
transformer. 

The circuit has zero-output impedance 
because of the positive feedback from the 
plate of each output tube to the control 
and screen grids of the opposite output 
tube. Zero output impedance means that 
the circuit is insensitive to load changes. 
Positive feedback effectively increases the 
amplifier gain, A, to infinity. From the 
equation, ZA = ZA/( l  + AP) ,  where 
Z/, is the output impedance without feed- 
hack and p is the stabilizing negative 
feedback factor, it can be seen that the 
output impedance 2,: becomes zero if A 
is infinite. Series resistors are inserted in 
the output leads to present a 600-ohm 
impendance load and also to prevent 
short circuiting of the power tubes’ cath- 
odes. 

In the balanced circuit, no dc passes 
through the lamp circuit; the lanip cur- 
rent is pure ac. This means that lamp 
heating occurs at twice the oscillating fre- 
quency, enabling the circuit to be oper- 
ated down to half of the low-frequency 
limit of the single-ended oscillator, In 
addition, the capacitor-tuning rotors are 
near ground potential, reducing leakage 
effects in these capacitors and permitting 
larger resistors to be used in the RC cir- 
cuits for low-frequency operation. This 
improved circuit is used in the 200CD 
Wide-Range Oscillator and the 200SR 
and 202C Low-Frequency Oscillator. 

Special purpose oscillators 
The 236A Telephone Test Oscillator 

was designed to meet specific require- 
ments in the telephone industry covering 
the frequency range of 50 Hz to 560 kHz. 
Transformer coupling provides a bal- 
anced output with multiple secondary 
taps for matching to 135, 600 and 900 
ohms. The oscillator output is connected 
to a multiple arrangement of telephone 
jacks for convenient connection to a 
switchboard or telephone line. When the 
function switch is in the dial position, the 
output jacks are disconnected from the 
oscillator and connected in parallel to a 
separate set of jacks to enable the oper- 
ator to dial a telephone line. After a line 
is obtained, the function switch is used 
to disconnect the lineman’s headset and 
place a test signal on the line while hold- 
ing the dialed connection. The oscillator 
can be operated from power line or inter- 
nal battery for field use. Refer to page 
292 for additional information. 

High-frequency oscillator 
The high-frequency limit of the RC 

oscillator i s  imposed by the amplitude 

and phase characteristics of the oscillator- 
amplifier. An amplifier phase shift of just 
a fraction of a degree causes 1% error in 
calibration. A modified Wien bridge os- 
cillator is used on all the ranges of the 
HP 651B, instead of phase-shift oscilla- 
tors which are commonly used above 100 
kHz. This is made possible through the 
use of a wide-band, transistorized oscil- 
lator-amplifier with the phase shift con- 
trolled several octaves past the oscilla- 
tor’s upper 10-MHz limit. An impedance 
converter provides a high impedance in 
series with the input of a differential am- 
plifier on the first four frequency ranges 
( X I 0  to X I 0  k). The added high im- 
pedance prevents the RC bridge circuit 
from being loaded by the low input im- 
pedance of the differential amplifier on 
lower frequency ranges. The impedance 
converter is by-passed on the XI00 k 
and X1 M range due to lower resistance 
values in the RC bridge. A comple- 
mentary symmetry circuit is used to pro- 
vide power gain and to increase the 
dynamic voltage range of the oscillator. 
The basic circuit of the Hewlett-Packard 
solid-state 10 Hz to 10 MHz oscillator is 
shown in Figure 6. 

I W Z O d E  0-90dB _ _ _  

I I’ 

1 
Figure 6. RC high.frequency osc i l l a to r .  

Another Hewlett-Packard high-frequen- 
cy oscillator, Model 313~4, is a beat- 
frequency oscillator. The output is de- 
rived from mixing a local oscillator fre- 
quency of 30 MHz to 52 MHz with a 30- 
MHz crystal oscillator, resulting in an 
output frequency of 10 kHz to 2 2  MHz in 
one band. This output has an extremely 
flat frequency response. The 313A has an 
output attenuator of 109.9 dB adjustable 
in 10 dB, 1 dB and 0.1 dB steps. 

This oscillator is also a tracking gener- 
ator for the 31 2 A Wave Analyzer. 

The oscillator circuits described here 
are used in Hewlett-Packard’s broad line 
of signal sources. These signal sources 
span a frequency range of 0.00005 Hz 
to 2 2  MHz, encompassing the subsonic, 
audio, ultrasonic, video and rf ranges, 
All of the Hewlett-Packard oscillators 
and test oscillators described in this cata- 
log have been designed with the require- 
ments of a maximum number of applica- 
tions in mind. The various techniques 
were chosen in order to maximize the 
performance offered while minimizing 
the cost SO that a Hewlett-Packard oscil- 
lator is available to meet your application. 
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Features: 
No zero setting, high stability 
Constant output, low distortion 
Wide frequency range, log scale 
No frequency change with load variation 

Hewlett-Packard RC oscillators have long been basic tools 
for making electrical and electronic measurements of pre- 
cise accuracy. These world-famous test instruments give 
you the most compact, dependable, accurate and easy-to-use 
commercial oscillators available. 

The  H P  200 Series Oscillators have high stability and ac- 
curate, easily resettable tuning circuits. Low-impedance op- 
erating levels, together with superior insulation, guarantee 
peak performance throughout years of trouble-free service. 
The  instruments have wide frequency range and long dial 
lengths and feature an improved vernier frequency control. 
Operation is simplified - just three controls are required. 
Instruments are compact, light in weight and enclosed in a 
convenient, aluminum case with carrying handle. They oc- 
cupy minimum bench space and are easily portable. Rack 
mounting is available on order. 

200AB Audio Oscillator, low cost, 20 Hz to 40 kHz 

This basic oscillator is a compact, convenient source of 
precision audio test voltages, which is offered at an extremely 
low price. Frequency coverage is 20 Hz to 40 kHz in four 
overlapping bands. The  63” effective scale length and 72 
dial divisions insure accurate, direct frequency setting. Out- 
put is balanced for dependable driving of transmission sys- 
tems. The  200AB is ideal for amplifier testing, as a bridge 
voltage source, for testing transmitter modulator response, 
modulating signal generators and making loudspeaker reso- 
nance tests. H P  200AB, $165 (cabinet); HP ZOOABR, $170 
(rack mount) .  

200CD Wide-Range Oscillator, multi-purpose, 
5 Hz to 600 kHz 

One of the most popular of all H P  oscillators, Model 
200CD covers the range of 5 Hz to 600 kHz in five overlap- 
ping decade bands. Accurate frequency setting is provided 

by 85 dial divisions and an effective scale length of 78 inches. 
A vernier drive allows precise adjustment. 

The  200CD gives a maximum sinewave output of at least 
10 volts across its rated load of 600 ohms and at least 20 
volts open circuit. Its distortion rating is very low, less than 
0.2% from 20 Hz to 200 kHz. A special feature of the 
200CD is that its waveform purity does not depend on load. 
The  output impedance is nominally 600 ohms. The  output 
transformers are balanced within 0.1% at the lower fre- 
quencies and within approximately 1% at the higher fre- 
quencies. The  200CD is particularly useful for testing servo 
and vibration systems, medical and geophysical equipment, 
audio amplifiers, sonar and ultrasonic apparatus, carrier tele- 
phone systems, video frequency circuits, etc. Waveform 
purity is maintained with extremely low loads. Frequency is 
covered in 5 decade ranges, and accuracy is k 2 %  including 
warm-up, aging, tube changes, etc. Frequency response is & 1 
dB full range. H P  200CD, $195 (cabinet) ; H P  200CDR, 
$200 (rack mount) .  

The  H20-200CD is a standard 2OOCD modified to have an 
extremely low distortion output. Refer to the Table of Speci- 
fications, page 323. H P  H20-200CD, $250. 

200SR Oscillator, 5 Hz to 600 kHz, 
50-ohm output impedance 

The  200SR Oscillator is a rack-mounted instrument iden- 
tical to the 200CD with the exception of the output cir- 
cuitry. The  output voltage is at least 3 volts rms into a 50- 
ohm load, continuously variable with 10 dB minimum range. 
This oscillator, because of its 50-ohm output impedance, may 
be used for voltage calibration. HP 200SR, $230 (rack 
mount) .  

201C Audio Oscillator, high power, 20 Hz to 20 kHz 
Particularly designed for amplifier testing, transmission 

line measurements, loudspeaker testing, frequency compari- 
son and other high fidelity tests, this audio oscillator meets 
every requirement for speed, simplicity and pure waveform. 
The frequency range, 20 Hz to 20 kHz, is covered in 3 
bands; response is dB full range. Output is 3 watts or  
4 2 . 5  volts into 600 ohms; an attenuator adjusts output 0 
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Cali- output Maximum Input 
HP 1 Frequency bration Output to imped- Maximum hum and power 

Model range 1 accuracy 1 600 ohms 1 ance I distortion i noise4 I (watts) 

200SR 

Weight-lb (kg) Size- inches (mm) 

net 1 ship W H D Price 

to 40 dB in 10 dB steps and provides either low impedance 
or constant 600-ohm impedance. Distortion at 1 watt output 
and above 50 Hz is less than 0.57'. H P  ZOIC, $250 (cabi- 
ne t ) ;  HP 201CR, $255 ( rackmount ) .  

mechanical phenomena; determining electro-cardiograph and 
electro-encephalograph performance; seismograph response; 
making vibration checks of structural components; obtaining 
performance characteristics of geophysical prospecting equip- 
ment; making operational checks of servo-mechanism systems 

200CD 

H20- 
200CD 

202C Low-Frequency Oscillator, excellent waveform 
1 Hzto 100 kHz 

160 mW 
(10 V) 

(7.5 V) 

02% 20 Hz to 200 kHz; I 0.5% 5 Hz to 20 Hz and 1 
'O0 2oo kHz to 6oo kHz I '.'% 22 24 7% x 11% x 14% 

(9,9) (10,8) (187 x 292 x 365) - - _ _ _  
5 HZ to 600 kHz +2% -~ ohms - - - - - - - - - - - - - - - 

$250 * *  (5 bands) 

Model 202C brings to the low-frequency spectrum the 
accuracy and stability you associate with audio measure- 
ments. It provides excellent waveforms in the subsonic, audio 
and ultrasonic frequency ranges, and has broad applicability 
for industrial, field or laboratory use. Specifically, it may be 
used for these important tests: vibration or stability charac- 
teristics of mechanical systems; electrical simulation of 

200SR 

- -  
and general audio measurements. 

The  transformer-coupled, balanced output of the Model 
202C enables it to meet the signal source requirements for 
tests of a wide variety of systems. The instrument provides an 
output of at least 10 volts across its rated load of 600 ohms 
and at least 20 volts open circuit. A special feature is that 
waveform purity does not depend upon load. Distortion is 
less than 0.5%; hum voltage is less than 0.1%, and recovery 
time is extremely short-5 seconds at 1 Ht. H P  202C, $325 
(cabinet); HP 202CR, $330 (rack mount) .  

5 Hz to 600 kHz 1 2 %  3 V into 50 0.2% 20 Hz t o  200 kHz; 0.1% 
(5 bands) ~ 

25 1 9 x  7 x 12-5/16 $230 I 1 50 ohms I ohms I 0,5%5 H z t o 2 0  Hzand I 1 75 ~ (11,2) 1 (13662) ~ (483 x 178 x 313) 
200 kHz to 600 kHz 

Specificat ions 

201C 20 Hz to 20 kHz *l% 3 W 600* 0.5% f 0.03% 75 16 19 7% x 11% x 12% $250 
(3 bands) (42.5 V) ohms (7,2) (85)  (191 x 292 x 318) 

200AB 20 Hz t o 4 0  kHz 1 2 %  1 W 75 1% 20 Hz to 20 kHz; 0 , 0 5 7  70 15 16 7% x 11% x 12 I $165 ~ 1 (4 bands) 1 1 (24.5V) I ohms I 2% 20 kHz to 40 kHz 1 1 (5,3) (7,2) 1 (191 x 292 x 305) 

202C 1 Hz to 100 kHz *2% 160 mW 600 0.5% § 0.1% 75 27 28 7% x 11% x 14% $325 
(5 bands) (1OV) ohms (12,2) (12,6) (191 x 292 x 362) 

General: 
Frequency response: flat * 1 dB over instrument range; refer- 

Size and weight: maximum overall size and weights are given 

Power: 115 or 230 volts *lo% at 50 to 1000 Hz. 

Accessories available: 11OOOA Cable Assembly, $4.50; 1 l o o l A  
Cable Assembly, 55.50; 11004A, 11005.4 Line Matching Trans- 
formers, see page 330. 

ence level at 1 kHz. 

for cabinet models; 1.9" rack models also available. 



3 24 

PORTABLE TEST OSCILLATORS 
Solid-state, battery-operated, floating output 
Models 204B, 208A 

208A 204B 

Fully solid-state and battery-operated HP 204B and 208A Oscil- 
lators are extremely useful for both field and laboratory work. Internal 
heat production is small, resulting in unusually low warm-up drift. 
Stable, accurate signals are instantly available over a frequency range 
from 5 Hz to 560 kHz. 

Balanced and unbalanced loads, plus loads referenced either above 
or below ground, can be driven by these versatile oscillators; their 
output is fully floating and isolated from power line ground when 
battery operated. Completely balanced output is easily obtained with 
a simple external matching network. There is excellent frequency sta- 
bility, even with rapidly changing loads ; low-impedance circuits drive 
the 600-ohm output, effectively isolating the oscillator stage. 

Figures 1 and 2 show the excellent frequency and amplitude sta- 
bility characteristics of these oscillators. Typical frequency stability 

TIME IHOURSI 

Figure 1. Typical frequency stability characteristics at 500 kHz. 

is better than 5 parts in lo', even at the highest frequency. Flat 
frequency response provides further convenience of operation. At all 
dial and range switch settings the output is flat within 2 3 % .  

- 
2 .) 
> 1 4  c * I  
i t 2  
2 . I  
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Figure 2. Typical amplitude stability 

The solid-state design, light weight, modular construction, and 
battery operation of these oscillators contribute to their portability. 
Rapid attenuation selection and monitored oscillator levels ideally 
suit the 208A Oscillator to transmission line work, production line 
tests and similar situations, where output levels must be known. 

Model 208A is calibrated in volts and has a 6-position attenuator 
(Meter Scale Value switch) with 1 O : l  steps from 0.01 mV to 1 V. 
Another attenuator (Multiplier switch) changes the output by a 
factor of 2.5, increasing maximum output to 2.5 V rms. The 208A 
(Option 01) is calibrated in dBm and has a 110 dB attenuator ad- 
justable in 1 dB steps. 

Specifications, 204B 
Frequency range: 5 Hz to 560 kHz in 5 ranges; 5 %  overlap between ranges, 

vernier control. 
Dial accuracy: ?;%, 
Frequency response: ?3%, with rated load. 
Output impedance: GOO ohms. 
Output: 10 rnW ( 2 . 5  V rms)  into 600 ohms; 5 V rrns open circuit; completely 

Output control: continuously variable bridged "T" attenuator with at least 

Distortion: less than 1%. 
Noise: less than 0.05% at  maximum output. 
Power: 4 batteries a t  6 . 7 5  V each, 7 mA drain,  life a t  least 300 hours. 
Dimensions: 6 - 3 / 3 2 "  high, 5 % "  wide, 8'' deep (155 x 130 x 203 m m ) .  
Weight: net 7 Ibs (3  k g ) ;  shipping 8 Ibs ( 3 , 6  k g ) .  
Price: H P  204B i v i t h  mercurv batteries). S315. 

floating. 

40 dB range. 

. ._ 
Options 

01. AC power supply installed in lieu of battt:ies, add 5 3 5 .  
02.  U p  to  40 hours' operation per recharge with furnished rechargeable 

batteries (self-contained recharging circuit functions automatically when 
instrument is connected to ac line; 115 or 2 3 0  V ? I O % ,  50 to  1000 Hz, 
approx. 3 W ) ;  oscillator may be used during recharge from ac line; ex- 
pected battery life 20,000 hours, add $75. 

Specifications, 208A 
(Same as 201B, except:) 

Output attenuator: meter scale value, 0.01 m V  to 1 V full scale in 6 steps; 
X2.5 multiplier, concentric with Meter Scale Value switch, to obtain 0.025 
rnV to 2 . 5  V.  

Output attenuator accuracy: 5 Hz to 100 kHz,  error is less than =3% at  any 
step; from 100 kHz to  560 kHz, error i s  less than 5 %  at any step; specifica- 
tions include multiplier accuracy. 

Output monitor: solid-state voltmeter monitors level a t  input  to attenuator 
and after set level; accuracy 22% of full scale into 600 ohms. 

Set level: continuously variable bridged "T" attenuator with 10: 1 voltage 
range. 

Operating temperature range: o0C to +5OoC. 
Power: up to 30 hours' operation per rechargc with furnished rechargeable 

batteries (self-contained recharging circuit functions automatically when in- 
strument is connected to ac line; 1 1 5  or 2 3 0  V 2107c, 50 to 1000 Hz, approx. 
3 W)  ; oscillator may be used during recharge from ac line; expected battery 
life, 20,000 hours. 

Dimensions: 6-3/32" h igh ,  7 - 2 5 / 3 2 "  wide, 8" deep (155 x 198 x 203 m m ) .  
Weight: net 8% Ibs ( 3 , s  k g ) ;  shipping, approximately 11 Ibs ( 5  k g ) .  
Price:HP208A, $ 5 2 5 .  

Specifications, 208A (Option 01.) 
(Same as 208A, except:) 

Output attenuator: 0 to 110 dB in 1dB steps. 
Accuracy, 10 dB section: from 5 Hz to 100 kHz,  error is less than 20.125 dB  

at any step; from 100 kHz to 560 kHz,  error is less than ?0.25 dB at  any 
step. 

Accuracy, 100 dB section: from 5 H z  to 100 kHz error is less than *0.25 dB 
at  any step; from 100 k H t  to 560 kHz,  error is less than 20.5 dB at  any step. 

Output monitor: solid-state voltmeter monitors level a t  input to attenuator, 
and after set level; scale calibrated -10 dBm to ~ 1 1  dBm; accuracy c0.25 
dB at  +10 dBm into 600 ohms. 

Set level: continuously variable bridged "T" attenuator with 20 dB mini- 
mum range. 

Price: HP 208A (Option o l . ) ,  5 5 3 5 .  
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DIG ITAL OSCl LLATOR 
Four digit frequency resolution, 10 Hz to 1 MHz 

Model 4204A 

Advantages: 
Simple, rapid 0 .2qt  frequency selection 
Flat frequency response, 10 Ht to 1 MHz 
0.01 $& frequency repeatability 
Excellent stability 

Uses: 
Production line and repetitive testing 
Standard source for calibrating ac to dc converters 
Response testing of wide or narrow band devices 
Filter checkout 

The  H P  4204A Digital Oscillator provides accurate, stable 
test signals for both laboratory and production work. This 
one instrument does the jobs of an audio oscillator, and ac 

voltmeter, and an electronic counter, in applications requir- 
ing an accurate frequency source of known amplitude. 

Any frequency between 10.00 Ht and 999.9 kHz can 
be digitally selected with an in-line rotary switch, to four 
significant figures. As many as 36,900 discrete frequencies 
are available. Infinite resolution is provided by one vernier 
control, which also extends the upper frequency limit to 1 
MHz.  Frequency accuracy is better than 2 0 . 2 %  and repeat- 
ability is typically better than i0.01%. 

A built-in high impedance voltmeter measures the output. 
The  meter is calibrated to read volts or dBm into a matched 
600 ohm load. ( 0  dBm = 1 m W  into 600 ohms.) T h e  
output attenuator has an 80 dB range, adjustable in 10 dB 
steps with a 20 dB vernier. Maximum output power can 
be increased to 10 volts ( 2 2  d B m j  into 600 ohms. 

Specifications 
Frequency range: 10 Hz to 1 MHz, 4 ranges. 

Frequency accuracy: 2 0 . 2 %  or i O . l  Ht (at  25°C) .  

Frequency stability: 

Distortion: less than 0.3%, 30 Hz to 100 k H t .  Less than 1%, 

Hum and noise: less than 0.05% of output. 

Dimensions: cabinet; 5%‘’ high, 26%” wide, 111/4” deep. 

Power: 115 V/230 V switch, + l o % ,  10 watts, 50 to 60 Hz. 

Weight: net, 19 lbs (8,5 k g ) ;  shipping, 28  Ibs (11 k g ) .  

10 Hz to 1 MHz. 

*loyo line voltage variation: Less than i O . O l 7 ~ .  

Change of frequency with temperature: < %lo0 ppm/OC. ( 1 3 4 x 4 2 6 ~  286mm) .  

Frequency response: flat within i . 3 7 ~ .  

Output: 10 V ( 2 2  dBm) into 600 ohms, (160 m W ) .  20 V 

Output attenuator 80 dB in 10 dB steps; < 2 0 . 5  db  error. 

Open Circuit. Price: on request. 

hfanufactured by Yokogawa-Hewlett-Packard Ltd., Tokyo 
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Features: 
Three-digit frequency resolution 
Simple, rapid, accurate frequency selection 
Compact, lightweight, portable 
Flat frequency response, 10 Hz to 1 iMHz 
Accurate repeatability 

Uses: 
Production line and repetitive testing 
Standard source for calibrating ac-to-dc converters 
Response testing at audio and communication 

frequencies; narrow- or wideband devices 
Low distortion source in the presence of shock, 

vibration or hf radiation. 

The  solid-state H P  Model 241A Pushbutton Oscillator 
provides accurate, stable test signals for laboratory or produc- 
tion measurements. 

Any frequency between 10 Hz and 999 kHz can be se- 
lected to three significant figures by simply pushing the three 
appropriate frequency pushbuttons and one of five decade 
multipliers. These pushbuttons control 900 base frequencies 
in increments of 0.1 Hz from 10.0 to 99.9 Hz, providing 
4500 discrete frequency settings. Infinite resolution is pro- 
vided by a vernier control, extending the upper frequency 
to 1 MHz. 

Since each discrete frequency setting is a digital function 
effectively isolated from every other setting, a high degree 
of calibration dependability is achieved - a major advantage 
for user convenience. Accuracy is within of selected 
value on any range. 

Frequency response is flat &2'3& over the entire range 
at any attenuator setting. This is obtained by using special, 
fixed-precision resistors and large amounts of negative feed- 
back in a unique biased-diode control circuit. A front-panel 
control adjusts the bridged-tee attenuator for output levels 
of -30 dBm to +10 dBm presenting a constant output 
impedance of 600 ohms. T h e  attenuator, capacitively de- 

coupled from the amplifier circuit, eliminates the need for 
a dc balance adjustment at the output. 

Hum and noise are reduced below 0.05% of the output 
by the use of low-impedance, solid-state circuitry, shielded 
power supply transformer, and floating output. These fea- 
tures not only isolate the oscillator from stray field pickup, 
but also allow the oscillator's use in environments where test 
setups themselves are subject to pickup. T h e  solid-state 
design, which contributes to superior stability, inhibits the 
effect of shock or vibration that is often present in test areas. 
Instabilities in both frequency and amplitude are virtually 
eliminated in the solid-state circuitry and fixed tuning ele- 
ments. During the first two hours the frequency stability 
at 100 Hz is better than .Ol%;and at 100 kHz the frequency 
stability is approximately ,02% after initial turn-on, Once 
warmed up, and in normal laboratory environment where 
ambient temperature does not change more than 3 or 4 de- 
grees Centigrade over a 24-hour period, the frequency sta- 
bility is typically better than ,04Yc from day to day. 

Convenience - Versatility 
The 241A's clean design, functional utility, and light- 

weight modular construction contribute to its easy portability. 
Instant frequency selection, lack of tedious dial interpola- 
tion, and elimination of frequency ambiguity ideally suit 
the oscillator to production line work or similar situations 
where repetitive measurements are made. Here, the fre- 
quency repeatability, which is typically better than 0.01 %, 
enables measurements to be made quickly without sacrificing 
accuracy. And the ability to make a positive accurate fre- 
quency selection eliminates the need for any separate fre- 
quency indicator; consequently, test procedure is simplified, 
since a frequency check is unnecessary. 

Careful attention to human engineering has resulted in 
highly visible rectangular pushbuttons for reduction of user 
fatigue and ease of operation. Frequency ambiguity is pre- 
vented by mechanical interlocks inhibiting all but one push- 
button in a given row. 

Specifications 
Frequency range: 10 Hz to 1 MHz,  5 ranges, 4500 frequency 

Calibration accuracy: 2 1 TG. 
Frequency response: &2% into rated load. 
Output impedance: 600 ohms. 
Distortion: 1 % maximum. 
Hum and noise: .05'(jZG of output. 
Output: +IO to -30 dBm into 600 ohms ( 2 . 5  volts maxi- 

Power: 115 or 230 volts, 50 to 1000 Hz, I watt. 
Dimensions: 7-25/32" wide x 6$5" high x 8" deep (196  

module. 
Weight: net 7% Ibs ( 3 , 5  kg) ; shipping 10 Ibs (4,5 k g ) .  
Accessory furnished: detachable power cord, NEMA plug. 
Price: H P  241A, $490. 

increments per range, with vernier overlap. 

mum),  

x 166 x 206 mm) , 
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AUDIO SIGNAL GENERATORS 
Versatile instruments, 20 Hz to 20 kHz 

Models 205AG, 206A 

The  205AG Audio Signal Generator materially speeds 
ztnd simplifies a variety of audio testing jobs where sizable 
amounts of power are required, 

Two voltmeters measure input and output of the device 
under test. The  output level is adjusted by means of the 
step attenuators, and output impedance can be instantly 
changed by means of a selector switch to commonly used 
impedances. 

Specifications, 205AG 
Frequency range: 20 H z  to 20  kHz in three decade ranges. 

Calibration accuracy: k 2 %  under normal temperature conditions. 
(Including warm up and changes due to aging of tubes and 
components). 

Output: five watts maximum into resistive loads of 50, 200, 600 and 
5000 ohms ; output circuit is balanced and center-tapped ; any ter- 
minal may be grounded. 

Frequency response: k 1 dB, 20 Hz to 20 kHz at output levels up 
to + 30 dBm with output meter reading held constant at  $- 37 dB ; * 1.5 dB, 20 H z  to 20 kHz at output levels above f 3 0  dBm with 
output meter reading held constant at  f 3 7  dB (reference 1000 
H z ) .  

Internal impedances: approximately 1/6 of the load impedance 
with zero attenuator setting ; approaches the load impedance with 
attenuator settings of 20 dB or more. 

Distortion: less than 1% at frequencies above 30 Hz. 
Hum level: more than 60 dB below the output voltage or 90 dB be- 

low 0 dBm, whichever is the larger. 
Output meter: calibrated directly in volts at 600 ohms and dBm 
(0 dBm = 1 m W  in 600 ohms) ; voltage scale: 0 to 65 V, dB 
scale +20 to 4-37 dBm. 

Input meter: calibrated in dBm from -5 to +8  dBm and in volts 
from 0 to 2 V rms; voltage accuracy is * 5 7 0  of full scale. 

Input attenuator: extends meter range to +48 dBm and to 200 
V rms in 5 dB steps; accuracy 2 0 . 1  dB. 

Output attenuator: 110 dB in 1 dB steps. 
Power: 115 or 230 volts *IO%, 50 to 1000 Hz, 150 watts. 
Dimensions: cabinet: 20%" wide, 12%" high, 151/2" deep (527 x 

324 x 394 m m )  ; rack mount: 19" wide, 10%" high, 14" deep 
behind panel (483 x 267 x 356 m m ) .  

Weight: net 56 Ibs (25,2 kg ) ,  shipping 65 Ibs (29,3 kg)  (cabinet) ; 
net 49 Ibs (22,1 kg ) ,  shipping 63 Ibs (28,3 kg )  (rack mount ) .  

Price: H P  205AG, $600 (cabinet);  HP 205AGR; $585 (rack 
mount ) .  

The  H P  206A Audio Signal Generator provides a source 
of continuously variable audio-frequency voltage at a total 
distortion level of less than 0.1%. This unusually low dis- 
tortion, coupled with simple, straightforward circuitry, 
rugged construction and typical H P  ease of operation, makes 
this signal generator ideal for use in the maintenance of 
FM broadcasting units and high fidelity audio systems. 

The  206A Generator includes an output-matching trans- 
former which allows it to be matched to resistive loads of 
50, 150, and 600 ohms. This output system is balanced to 
ground, and each winding is center-tapped. The  internal im- 
pedance matches the load impedance, A single-ended 600- 
ohm output is provided which bypasses the line-matching 
transformer. 

Specifications, 206A 
Frequency range: 20 Hz to 20 kHz in three decade ranges. 

Calibration accuracy: ?2% including warmup drift.  

Output: +15 dBm into impedances of 50, 150 and 600 ohms; ap- 
proximately 10 volts are available into an open circuit. 

Output impedances: the generator has a matched internal im- 
pedance, and the selection of output impedances includes 50, 
150 and 600 ohms center-tapped and balanced, and 600 ohms 
single-ended. 

Frequency response: better than t0.2 dB at all levels, 30 Hz to 
15 kHz, when the output meter reading is held constant. 

Distortion: less than 0.1% at frequencies above 50 Hz and less 
than 0.25% from 20 Hz to 50 Hz. 

Hum level: at least 75 dB below the output signal or more than 
100 dB below zero level, whichever is larger. 

Output meter: calibrated in dBm and also in volts; readability at 
least 0.2 dB at  all points above a 50% scale reading (0 dBm 
equals 1 m W  in 600 ohms).  

Output attenuators: 111 dB in 0.1 dB steps. 

Power: 115 or 230 volts * lOYc, 50 to 1000 Hz. 140 watts. 

Dimensions: cabinet: 20%" wide, 1 2 % "  high, 15" deep (527 x 
324 x 381 mm)  ; rack mount: 19" wide, 10%" high, 14" deep 
behind panel (483 x 267 x 356 m m ) .  

Weight: net 57 Ibs (25,6 kg ) ,  shipping 66 Ibs (29,7 kg )  (cabinet) ; 
net 50 Ibs (22,5 k g ) ,  shipping 62 Ibs (27,3 kg) (rack mount ) .  

Price: H P  206~4, $900 (cabinet) ; H P  206AR, $885 (rack mount).  
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TEST OSCILLATOR 
Solid-state, 10 Hz-10 MHz; 50, 6000 outputs 
Model 651 B 

- -  
The solid-state H P  Model 65 1B Test Oscillator provides 

accurate, stable test signals for laboratory or production 
measurements. This instrument covers a wide frequency 
range from 10 Hz to 10 M H z  continuously variable across 
six bands. 

Twooutput impedancesare available from the front panel, 
providing 200 m W  into 50n or 16 m W  into 6000. This 
capacitance-tuned oscillator delivers a flat output through- 
out the entire frequency range. Once warmed up, and in a 
normal lab environment where the ambient tempercture 
i s  re la t ively constant ,  the frequency stability at 5 M H z  
is typically _t 10 ppm. 

An indication of the overall frequency stability under the 
above conditions is shown in Figure 1, ill6strating the be- 
havior over a 15-minute period. The typical frequency sta- 
bility for a 24-hour period at 5 MHz is +0.02%. Frequency 
stability at lower frequencies is typically better than those 
shown in the top frequency band. 

Typical amplitude stability over a 17-hour period is 
t O . l % ,  shown in Figure 2.  

t.0 i .10 

1: .zQ 

Ei 

r -90  

Figure 1. 
minutes. 

,,e ,"l""TEll 

Typical frequency stability characteristics at  5 M H z  for 1 5 '  

A voltmeter measures the output of the power amplifier. 
The  meter is calibrated to read V or dBm into a 500 load. 
For any attenuator setting, true output is obtained by alge- 
braically adding the attenuator reading and the output volt- 

n L:rr-j 5 -0.2 
s 
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Figure 2. Typical amplitude stability a t  mid-band frequencies for 17 
hours. 

meter reading. The output attenuator has a 90 range, 
adjustable in 10 dB steps with a 20 dB vernier (coarse 
*Other output impedances above 50Q are available on special order, 

and fine). Two outputs, 50 and 6000, are available on the 
front panel. The  standard 651B output monitor is calibrated 
to read dBm for 5 0 0  ( 0  dBm = 1 m W  into 500) .  The 
Model 651B Option 01 is calibrated to  read dBm for G O O 0  
( 0  dBm = 1 m W  into 6 0 0 0 ) .  The 651B Option 02 has a 
7 5 a  and 6000  output and the monitor is calibrated to read 
dBm for 750  ( 0  dBm = 1 m W  into 7 5 0 ) .  Output imped- 
ances not listed are available to meet your requirements. Dis- 
cuss your application with your Hewlett-Packard sales en- 

ineer. g ' 
Specifications 

Frequency range: 10 Hz to 10 MHz, 6 bands; dial calibra- 
tion, 1 to 10. 

Dial accuracy: t 2 % ,  100 Hz to 1 MHz;  t 3 % ,  10 Hz to 
10 MHz (including warm-up, drift and i .107~ line vari- 
ation).  

Output: 200 m W  (3,16 V into 5 0 0 ) ;  16 m W  (3.16 V into 
6000)  ; 6.32 V open circuit. 

Distortion: < 1 % ,  10 Hz to 5 MHz; < 2% at 10 MHz.  
Hum and noise: less than 0.05% of maximum rated output. 
Output monitor: voltmeter monitors level at input of attenu- 

ator in volts or dB; top scale calibrated in volts; bottom 
scale calibrated in dB; accuracy t 2 %  at full scale; flat- 
ness: t l %  at full scale, 20 Hz to 4 MHz;  t 2 %  at full 
scale, 10 Hz to 10 MHz. 

Frequency response: flat within t 2 % ,  100 Hz to 1 MHz;  
t 3 % ,  10 H Z  to 100 Hz; +4%,  4 MHz to 10 MHz.  

Amplitude control: 20 dB range ; coarse and fine. 
Attenuator: range 90 dB in 10 dB steps, overall accuracy, 

t 0 . 1  dB, 0.3 m V  through 3 V ranges; t 0 . 2  dB 0.1 m V  
range 20 = 50R and 6OOQ ( *Zo = 7 5 0  and 6000,  Op-  
tion 0 2 ) .  

Temperature range: 0°C to + 5OOC. 
Dimensions: 163/4" wide, 5-7/32'' high, 131/4" deep (425 

x 133 x 367 mm)  ; rack mount kit (5060-0775) furnished 
with instrument. 

Weight: net 17 Ibs (7,7 k g ) ;  shipping 22  Ibs (9 ,9  k g ) .  
Power: 115 or 230 V &lo%, 50 to 1000 Hz, 30 watts. 
Price: H P  65 lB ,  $590. H P  651B Option 01, output monitor 

top scale calibrated in dBm/6000,  bottom scale calibrated 
in volts: $615. H P  651B Option 02, output, 7 5 0  and 
6000,  output monitor top scale calibrated in dBm/750,  
bottom scale calibrated in volts; $615. 
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TEST OSCILLATOR 
Make frequency response measurements rapidly 

Model 652A 

652A 

T h e  solid-state H P  Model 652A Test Oscillator simplifies 
frequency response determination by providing a constant 
amplitude reference voltage of adjustable frequency. Fre- 
quency response of voltmeters, oscilloscopes, video ampli- 
fiers and filters from 10 Hz  to 10 MHz can be quickly and 
easily measured. 

Two  output impedances are available from the front panel, 
providing 200 m W  into 50R or 16  m W  into 600R. This 
capacitance-tuned oscillator delivers a flat output throughout 
the entire frequency range. This is obtained by using pre- 
cision components and peak detector AGC circuitry. 

Hum and noise are reduced below 0.05% of the output 
by use of low impedance, solid-state circuitry, and a shielded 
power supply transformer. The  solid-state design contributes 
to the 652A's excellent frequency and amplitude stability. 

Output monitor 
T h e  H P  652A and H P  651B specifications coincide, except 

that the 652A offers a different output monitor to make 
frequency response measurements rapidly with greater res- 
olution. 

The  monitor is calibrated to read volts or dBm into a 
matched load when the monitor is in the normal position. 
True  output is obtained by adding the attenuator setting to 
the output monitor reading. 

X20 expanded scale 
T h e  652A frequency response is 2 0 . 2 5 %  from 10 Hz 

to  10  MHz when using the EXPAND position of the meter, 
The monitor meter may only be expanded for voltages be- 
tween 2.8 to 3.2 volts or from 0.9 volt to 1 .0  volt. T h e  ex- 
panded meter circuit is located before the output attenuator 
and any attenuated output from the oscillator will have the 
same frequency response specification." 

Specifications 
Frequency range: 10 Hz  to 10 MHz,  6 bands, dial calibra- 

tion: 1 to 10. 

Frequency response: 
Flat within: 2 2 7 0 ,  100 Hz  to 1 MHz;  +3%, 10 Hz to 

Dial accuracy: (including warmup drift and line 
voltage variation): 2 2 % ,  100 Hz  to 1 MHz;  t 3 % ,  10 
Hz to 100 Hz, 1 M H z  to 10 MHz.  

Output: 200 m W  (3 .16  V )  into 50R: 16 m W  (3.16 V )  
into 6000 ;  6.32 v open circuit. 

Attenuator: 
Range: 90 dB in 10 dB steps. 
Overall accuracy: i O . 1  dB, 0 .3  mV through 3 V range; 

t 0 . 2  dB, 0.1 mV range. 

100 Hz; t4c7,, 1 M H z  to 10  MHz.**  

Amplitude control: 20 dB range nominal (coarse and fine). 
Output monitor: voltmeter monitors level at input of attenu- 

ator in Tolts or dB. Top scale calibrated in volts. Bottom 
scale calibrated in dB. 
Accuracy: i.2% at full scale. 
Flatness: 2 1 %  at full scale, 20 Hz to 4 MHz;  k 2 %  at 

full scale, 10 Hz to 20 Hz, 4 MHz to 10 MHz. 
X20  expanded scale: flatness (from 10 Hz to 10 M H z )  : 

+0.25% at 25OC t 1 o 0 ,  3 V through 1 mV; k 0 . 5 7 ~  
from O°C to +15OC and +35"C to +50°C.  

Distortion: less than 1YG, 10 Hz to 5 MHz. 

Hum and noise: less than 0.05% of maximum rated output. 

Temperature range: Oo to + 5OoC. 

Power: 115 V/230 V + lo%,  50 to 1000 Hz, 30 watts, 
Dimensions: 5-7/32" high, 16 ?*''wide, 13%" deep (132,6 

Weight: net 17 Ibs (7,65 k g ) ;  shipping 2 2  Ibs (9 ,9  kg). 
Accessories furnished: H P  11048B 50R Feed-thru Termina- 

Accessories available: 

x 425,6 x 366,8 mm) ; full module. 

tion. 

H P  738BR Voltmeter Calibrator, $850. 
H P  355C Attenuator, 0 to 12 dB in 1 dB steps, $150. 

Price: HP 652A, 5725. 
* z 0 . 2 5 %  response specification applies for  attenuator settings of t20 dB t o  
-50 dB or  3 V through 1 mV. 

**This specification applies only a t  508 output. The response above 1 MHz at  
the 6008 output i s  affected by capacitive loads. 
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ATTENUATORS, ACCESSORIES 
Match 600,500 or 135-ohm lines 
Models 35OC,Il; 11004A, 11005A 

I 

350D 

When a high order of accuracy, wide frequency response, 
large power-handling capacity or special features are re- 
quired, HP  350 Series Attenuators are of great value and 
convenience. They are particularly useful in attenuating out- 
put of audio and ultrasonic oscillators, measuring gain and 
frequency response of amplifiers, measuring transmission 
loss and increasing the scope and usefulness of other lab- 
oratory equipment. 

Specificat ions 
Attenuatiorn: 110 dB in 1 dB steps. 
Accuracy: 10 dB section: from dc to 100 kHz, error is 

<*0.125 dB at any step. From 100 kHz to 1 MHz,  error 
is < k 0 . 2 5  dB at any step. 

Accuracy: 100 dB section: from dc to 100 kHz, error is 
< t 0 . 2 5  dB at any step up to 70 dB; < t 0 . 5  dB above 
70 dB. From 100 kHz to 1 MHz, error is < t 0 . 5  dB 
at any step up to 70 dB; < i 0 . 7 5  dB above 70 dB. 

Power capacity: 350c ,  500 ohms; 5 W (50  Vdc or rms) 
maximum, continuous duty. 350D, 600 ohms; 5 W (55 
Vdc or rms) maximum, continuous duty. 

DC isolation: signal ground may be e 5 0 0  Vdc from external 
chassis. 

Dimensions: 5y8” wide, 6-3/32” high, 8“ deep (130 x 155  
x 203 m m ) .  

Weight: net 3 Ibs (1 ,4  kg) ; shipping 5 Ibs (2 ,3  kg) . 
Accessories available: HP 1lOOOA Cable Assembly, 44” of 

RG-58C:/U 50R coaxial cable terminated by dual banana 
plugs, $4.50. H P  11OOlA Cable Assembly, as above but 
with one BNC male connector, $5.50. 

Price: HP 350c ;  5000 attenuator, $125. HP  350D; 6OOR 
attenuator, $125. 

Oscillator Accessories 

1 1004A 
11005A 

11048B 

11004A Line-Matching Transformer 

The IloO4A Transformer, with a frequency response be- 
tween 5 kHz and 600 kHz, provides fully balanced 135 or 
6OOR output from single-ended input. Maximum level + 22 
dBm. HP  11004A, $60. 

11005A Line-Matching Transformer 

The 11005A Transformer, with a frequency response be- 
tween 20 Hz and 45 kHz, provides a fully balanced 6OOR 
output from single-ended input. Maximum level is + 1 5  
dBm. H P  11005A, $80. 

101 LOA, l O l l l A  BNC-to-BindingPost Adapters 

These adapters mate with a BNC or binding post recep- 
tacle, resp(ectively, and provide either binding post or BNC 
output connectors. The  1OllOA is a BNC male-to-binding- 
post adapter; the 1 O l l l A  is a BNC female-to-banana-plug 
adapter. Spacing between binding posts is % ‘ I .  HP 10110A, 
$5; HP  10111A, $7. 

11048B 50-Ohm Feed Thru 

Precision 50R feed-thru termination for 461A and 462A 
Amplifiers with male and female connectors, HP  11048B, 
$10. 



33 1 

606B 

608E 

Signal Generator 

Sinnal Generator 

__ __ __ __ __ 

SIGNAL SOURCES SIGNAL GENERATORS -F 
TO 40 GHz 

50 kHz to 65 MHz 

10 to 480 MHz 

output 3 V to 0.1 p V ,  mod. BW dc to 20 kHz, low dr i f t  and noise, low incidental FM, low distortion, 
auxiliary r f  output, stabilized phase lock capability 

output 1 V to 0.1 p V ,  into 50-ohm load; AM, pulse modulation, direct calibration, leveled power 
outDut. aux r f  o u t w t  
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Essential to practically all microwave 
measurement applications is signal gen- 
erating equipment. This section describes 
the variety of Hewlett-Packard instru- 
ments - signal generators and sources, 
microwave amplifiers, frequency stabi- 
lizing equipment, and special-purpose 
instruments. 

~ ~ _ _ _ _  

8708A 
Synchronizer 

612A 
Signal Generator 

Signal generators 

Hewlett-Packard offers a complete 
line of easy-to-use hf, vhf, uhf, and shf 
signal generators, precision instruments 
covering frequencies between 50 kHz 
and 50 GHz. Each H P  generator incor- 
porates the following: 

(1 ) accurate, direct-reading, frequency 
calibration 

50 ~ H z - 4 5 5  MHz 

450 to 1230 MHz 

Companion lock-box for 606B or 608F permitt ing 2/lO7 continuous setability & stability, fm and 
phase modulation 

output 0.5 V to 0.1 pV into 50-ohm load; AM, pulse or square-wave modulation, direct calibration 

338 

341 

( 2 )  variable output, accurately cali- 

( 3 )  constant output impedance, well 

( 4 )  varied modulation capabilities 
( 5 )  low rf leakage 
(6)  low harmonic content 
( 7 )  freedom from spurious or inci- 

brated and direct reading 

matched 

dental modulation. 

614A 
Signal Generator 

8614A 
Signal Generator 

This assures utmost convenience and 
accuracy for all kinds of measurements, 
including receiver sensitivity, selectivity 
or rejection, signal-to-noise ratio, gain 
bandwidth characteristics, conversion 
gain, antenna gain, transmission line 
characteristics, as well as for driving 
bridges, slotted lines, filter networks, etc. 

Table 1 

0.8 to 2.1 GHz 

0.8 to 2.4 GHz 

output at least 0.5 mW to -127 dBm (0.1 pV)  into 50 ohms, pulse or frequency modulation, 344 

342 

direct calibration 

output +10 to -127 dBm into 50 ohms, leveled below 0 dBm; internal square-wave; external 
Dulse. AM and FM: auxiliary rf outDut 

Table 1 lists the individual Hewlett- 
Packard signal generators and their 
major characteristics. 

616B 
Signal Generator 

8616A 
Signal Generator 

HF to uhf signal generators 
These signal generators, including HP 

606B, 608E, 608F, and 612A, collectively 
cover frequencies from 50 kHz to 1.23 
GHz and are characterized by extremely 
low drift and incidental frequency modu. 
lation. All may be amplitude (sine, 
square, pulse) modulated. A feedback 
loop in the 606B keeps its output and 
percent modulation constant as fre- 
quency is varied. The 608E and 608F 
also offer level power output resulting 
in significant time saving as well as op- 
erator convenience when the generator 
is being used to conduct tests at several 

1.8 to 4.2 GHz 

1.8 to 4.5 GHz 

output 1 mW to -127 dBm (0.1 pV) into 50-ohm load, pulse or frequency modulation, direct 344 

342 

calibration 

output +3 to -127 dBm into 50 ohms, leveled below 0 dBm; internal square-wave, external 
pulse, AM and FM; auxiliary r f  output 

I Model 1 Frequency range I Characteristics I Page 1 

86168 
Signal Source 

618C 
Signal Generator 

620B 
Signal Generator 

1.8 to 4.5 GHz 

3.8 to 7.6 GHz 

7 to 11 GHz 

output 3 mW; precision attenuator 130 dB range; internal square-wave, external pulse and FM; 
auxiliary rf output 

output 1 mW to - 127 dBm (0.1 pV) into 50 ohms, pulse, frequency or square-wave modulation, 
direct calibration, ext FM and pulse modulation, auxiliary r f  output 

output 1 mW to -127 dBm (0.1 $ 4 )  into 50 ohms, pulse, frequency or square-wave modulation, 
direct calibration, ext FM and pulse modulation, auxiliary rf output 

342 

346 

346 

I 336 I 1 output 0.5 V to 0 . l pV  into 50 ohms, amplitude, pulse modulation, direct calibration, low inci- 
dental FM and dr i f t ,  leveled output, aux r f  output, stabilized phase lock capability 

I lo to455 MHz 

626A 

628A 

Signal Generator 

Signal Generator 

10 to 15.5 GHz 

15 to 21 GHz 

output +10 dBm to -90 dBm;  pulse, frequency or square-wave modulation, direct calibration 

output +10 dBm to -90 dBm;  pulse, frequency or square-wave modulation, direct calibration 

348 

348 

938A 

940A 

Frequency Doubler 

Frequency Doubler 

I 342 I I output 15 mW; precision attenuator 130 dB range; internal square-wave, external pulse and 
FM; auxiliary r f  output 

18 to 26.5 GHz 

26.5 to 40 GHz 

driven by 9 to 13.25 GHz source, HP 626A, 8690A,B or klystrons; 100 dB precision attenuator 

driven by 13.25 to 20 GHz source, HP 628A, 8690A or klystrons; 100 dB precision attenuator 

350 

350 
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__ -F SIGNAL GENERATORS 
TO 40 GHz CONTINUED 

SIGNAL SOURCES 

frequencies. The 606B, 608E, and 608F 
offer an auxiliary rf output. This fixed- 
level CW signal can be applied to an 
H P  5245L Counter for very accurate 
indication of carrier frequency. 

Stabilized r f  signal generation 
The H P  606B and 608F contain volt- 

age variable capacitors in their oscillator 
tank circuit enabling phase-locked opera- 
tion with the H P  Model 8708A RF Lock 
Box obtaining 2/10' setability and stabil- 
ity. Phase-locked operation of the H P  
606B and 608F Signal Generators can be 
obtained without compromise of the in- 
struments' modulation or attenuation 
characteristics while phase-locked. The 
H P  8708A Synchronizer enables con- 
tinuous tuning between lock points, per- 
mitting continuous frequency response 
examination of devices such as highly- 
selective, steep-skirt, narrow-band filters. 
The H P  8708A Synchronizer provides 
the additional benefit of phase and fre- 
quency modulation capability with the 
606B and 608F signal generators. 

Signal sources above 10 MHz 
Signal generators available from Hew- 

lett-Packard include general-purpose os- 
cillators and amplifiers, FM signal gener- 
ators, and specialized signal generators 
for aircraft navigation systems, 

The 3200B VHF Oscillator is a com- 
pact, versatile source in the 10 to 500 
MHz range suitable for driving bridges, 
slotted lines, and general-purpose labora- 
tory work. The 230.4 Signal Generator 
Power Amplifier provides a convenient 
means of obtaining power levels up to 
4.5 watts in the 10 to 500 MHz range 
when operated in conjunction with a 
signal generator. 

HP's FM signal generators offer un- 
usual modulation linearity and stability. 
The 202H FM-AM Signal Generator op- 
erates in the 54 to 216 MHz range and 
is designed to serve the broadcast FM, 
vhf-tv, and mobile communications mar- 
kets. The 202J Telemetering Signal Gen- 
erator is specifically designed for vhf 
telemetry and covers the 195 to 270 MHz 
frequency range. An accessory 207H Uni- 
verter provides additional rf and IF 
coverage when used with either the 202H 
or 202 J Signal Generators. 

The 211A Signal Generator is spe- 
cifically designed for the testing and 

calibration of aircraft VOR omni-range 
and ILS localizer receivers; an external 
modulator, such as the Collins 479-F3, is 
requited to provide simulated course and 
bearing. The 232A Glide Slope Signal 
Generator is specifically designed for the 
testing and calibration of ILS glide slope 
receivers. The 8325.4 DME/ATC Test 
Set is designed to provide complete facili- 
ties for the testing and calibration of 
aircraft DME radios and ATC trans- 
ponders; suitable external modulators are 
required, such as the Collins 578D-1 and 
578X-1, to simulate ground station op- 
eration. 

UHF to shf signal generators 
and sources 

This group of instruments, covering 
800 MHz to 21 GHz, features extremely 
simple operation. The 614A, 616B, 618c, 
620B, 626A and 628A Signal Generators 
provide large, direct-reading frequency 
and attenuator dials. They may be pulse, 
square-wave, and frequency modulated. 
Their versatility makes them useful for 
measuring signal-to-noise ratio, receiver 
sensitivity, swr and transmission line 
characteristics. 

The H P  8614A and 8616A ,Signal 
Generators are particularly easy tso use. 
Frequency and attenuation are set on 
direct-reading digital dials, and push- 
buttons permit fast, easy selection of 
function (cw, square-wave modulation 
or external amplitude, pulse or frequency 
modulation). Leveled output enables 
frequency response testing without time- 
consuming readjustment of the generator 
at each new frequency. Each unit con- 
tains a unique PIN diode mod.ulator 

which permits such a wide range of am- 
plitude modulation that remote control 
of output level or precise leveling with 
external equipment is possible. 

The 8614B and 8616B Signal Sources 
can be used in many applications previ- 
ously requiring signal generators. The 
sources have precision attenuators for 
relative measurements such as insertion 
loss, and they have pulse and square- 
wave capability. 

Frequency doublers 
Broadband frequency doublers, H P  

938A and 940A, provide low-cost signal 
generator capability in the 18 to 40 GHz 
range. Designed to be driven by signal 
sources in the 9 to 20 GHz range, the 
frequency doublers preserve the versa- 
tility and stability of the driving source. 
Thus, the signals may be cw, pulsed or 
swept. An output monitor and precision 
attenuator provide a metered output, 
even though the input signal is uncali- 
brated. 

In addition to the H P  models listed 
here, the Dymec Division manufactures 
several rf test sets; each one consists of 
a signal generator, frequency meter and 
power meter. Thus, a complete testing 
system is available in one unit for check- 
ing communication and radar systems. 
Details are given on page 351. 

Sta bilized microwave signal 
generation 

The H P  Model 8614A/B, 8616A/B, 
618C and 620B provide high-level, un- 
calibrated rf outputs enabling stabilized- 
microwave signal generation when used 
with an oscillator synchronizer such as 
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F igu re  1. HP-2650A Osc i l l a to r  Synchronizer .  

the 2650A Oscillator Synchronizer or 
2654A Frequency Standard Synchronizer. 
Both instruments employ automatic 
phase control techniques to provide sig- 
nal stability essentially equal to that of 
an internal or external crystal reference. 

Applications requiring extremely stable 
signals include doppler systems, radio as- 
tronomy receivers, microwave spectro- 
scopy and parametric amplifier pumps. 

Swept-frequency, stabilized rf sources 
are also available. 

Figure 1 shows the functional diagram 
of the 2650A. The 2654A is similar, the 
major variations being in the rf and IF 
reference section to accommodate the ex- 
ternal reference, and the elimination of 
the VFO. 

The 2650A incorporates an internal 
reference oscillator, while the 2654A 
works in conjunction with a packaged 
quartz oscillator such as the H P  107BR 
(page 538). Both synchronizers are 
fully compatible with H P  8614A,B, 
8616A,B, 618C and 620B Signal Genera- 
tors. The synchronizers introduce no fre- 
quency error. Standard instruments will 
stabilize most reflex klystrons, 1 to 12.4 
GHt ,  with complete elimination of kly- 
stron drift and minimization of incidental 
FM caused by klystron noise, power sup- 
ply ripple and mechanical shock. Modi- 
fied versions and cascaded instruments 
allow operation from 0.1 to 40 GHz. 

The 2650A is essentially a crystal-con- 
trolled superheterodyne receiver termi- 
nating in a phase comparator. A sample 
of the signal frequency is mixed with 
harmonics of the rf reference to produce 
an intermediate frequency of 30 MHz, 
which is compared in phase with the 30 
MHz reference. For stabilizing a klystron, 
the resultant phase error voltage is added 
in series with the klystron reflector power 
supply voltage. 

The rf reference frequency is con- 
trolled by a quartz crystal, oven-mounted 
for temperature stabilization, operating at 
a frequency between 100 and 120 MHz. 
The harmonics of the internal reference 
are spaced between 200 and 240 MHz 
apart, depending on the crystal selected. 
For each harmonic there are two “lock” 
frequencies, one 30 MHz above the har- 

monic and the other 30 MHz below. A 
number of lock points are therefore 
available for a given crystal. As an ex- 
ample, a 100 MHz crystal produces 42 
available lock frequencies between 8.2 
and 12.4 GHz (X-band) .  

The signal frequencies at which lock- 
ing will occur with a particular crystal 
are given by the formula: 

Where F,,,,l = 100 to 120 MHz (as spe- 
cified) 

F , i  = 30 MHz (fixed) or 29 to 
31 MHz (variable) 

through 62) 
Detailed specifications of the 2650A 

and 2654A, and information on systems 
formed from these instruments are listed 
on page 345. 

F\,,,,,I = 2NFxtn1 f F,i  

N = harmonic number (5 

Special purpose signal sources 

1 Not continuous coverage, see specifications. 
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HF SIGNAL GENERATORS 
New convenience and performance 50 kHz-65 MHz 
Models 606B, 606A 

Description 
The Hewlett-Packard 606B Signal Generator provides you 

with high quality, versatile performance with distinctive ease 
of operation in the important and widely used 50 kHz to 65 
MHz frequency range. Output signals are stable and accurately 
known, output amplitude can be precisely established over a 
very wide dynamic range, and versatile modulation capabilities 
are incorporated to satisfy virtually all measurement require- 
ments. Convenient size and form factor, together with a simple, 
straightforward control panel layout, make the 606B well 
suited for production line usage as well as for laboratory or 
field applications. 

Design 
The 606B is a master oscillator-power amplifier (MOPA) 

design with a broadband buffer amplifier stage between the 
oscillator and power amplifier circuits for isolation. The MOPA 
design permits optimization of the oscillator circuit for highest 
stability including low drift, minimum residual FM, low har- 
monics, etc., without restricting the modulation characteristics. 
Modulation is applied to the power amplifier circuit with 
negligible effect on the oscillator frequency (because of the 
buffer stage). Very fine frequency settability is achieved through 
incorporation of a AF control which provides better than 10 
ppm resolution. 

Highest frequency stability 
While the basic frequency stability of the 606B is excellent 

(less than 0.005% drift over a 10 minute period after warm- 
u p ) ,  the inclusion of frequency control circuitry in the 606B 
makes it possible to achieve 250 times greater stability by 
phase-locking the 606B with the HP 8708A Synchronizer. The 
8708A,which is fully compatible with the 606B in every respect, 
can stabilize the 606B at any frequency (not just at discrete 
points) with a resultant stability of 2 x 10-7/10 minutes and 
a very high degree of spectral purity. The combination of the 
606B and 8708A also permits you to perform narrow band 
frequency- or phase-modulation of the 606B carrier with very 
low modulation distortion. The 8708A is described on page 338. 

Simplified operation 
An outstanding feature of the 606B is the employment of 

feedback in the RF power amplifier section which results in 
superior performance characteristics and true ease of opera- 
tion. The feedback circuit maintains both the output level and 
the percentage of modulation essentially constant over the 
entire frequency range, thus making it unnecessary to readjust 

controls when changing the operating frequency. The use of 
feedback also enables you to change the output level without 
affecting the degree of modulation. The constant output, 
constant modulation feature results in significant time saving 
as well as operator convenience, making the 606B an ideal 
choice for production line operations where semi-skilled per- 
sonnel can make meaningful measurements. 

Versatile amplitude modulation 
The use of feedback in the power amplifier section also yields 

excellent amplitude modulation characteristics. Up to 95 % 
modulation can be achieved with modulating frequencies rang- 
ing from dc to 20 kHz. Envelope distortion is very low, less 
than 1% at  30% AM and less than 3% at  70% AM; this 
allows you to make more accurate measurements of the dis- 
tortion characteristics on receivers or detectors. Internal modu- 
lation oscillators of 400 Hz and 1000 Hz are provided, and 
the modulation percentage can be set and read directly on the 
accurate front panel modulation meter. The wide modulation 
bandwidth (dc to 20 kHz) means the 606B may be modulated 
with squarewaves or other complex signals including tone- 
burst modulation, or you can remotely program the output 
amplitude. The buffer stage between the master oscillator and 
power amplifier holds incidental FM with A M  to a minimum, 
assuring accurate measurements. 

Accurate output level 
The output level from the 606B is continuously adjustable 

from 3 volts to 0.1 microvolts rms into a 50 ohm load. Direct 
calibration is provided in both volts and dBm ( + 2 3  to -120 
dBm) and the output calibration is accurate to within 1 dB 
at any frequency or level setting. The output system of the 
606B is a well matched 50 ohm circuit which minimizes mis- 
match ambiguities as a factor in overall measurement accuracy. 
The extremely wide range of output amplitude control makes 
the 606B very useful for driving bridges and filters as well as 
complete receiver measurements including sensitivity, selectivity, 
and image rejection. 

The 606B provides an auxiliary RF output; this fixed level 
(100 millivolts rms minimum) C W  signal is for use with the 
8708A Synchronizer and can also be applied to an H P  5245L 
Counter for very accurate indication of carrier frequency. Using 
the auxiliary RF output does not place any restriction on the 
modulation capabilities nor on the main RF output level. The 
606B also contains a crystal calibrator to provide accurate fre- 
quency checkpoints at every 100 kHz or 1 MHz throughout 
the frequency range of the instrument. 
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Specifications, 606B 
Frequency characteristics 

Range: 50 kHz to 65 MHz in 6 bands (50-170 kHz, 165-560 
kHt,  0.53-1.8 MHz, 1.76-6 MHz, 5.8-19.2 MHz, 19-65 
MHz) ; total scale length approximately 95 in. 

Accuracy: kl%. 
Drift: (attenuator on 1 volt range and below) less than 50 

parts in 106 (or 5 Hertz, whichever is greater) per 10 
minute period after 2 hour warmup; less than 10 minutes 
to restabilize after changing frequency. 

Stability when used with 8708A Synchronizer: 5 x lo-*/ 
minute, 2 x 10-’/10 minutes, 2 x lO-e/day; 2 x 10-’/’Cc, 
0”  to 55°C; 2 x 10-7/10% line voltage change. 

Resettability: vernier control resettability better than 0.1% 
after initial warmup. 

A F control: ultra-fine frequency vernier provides better than 
10 parts in 106 settability; total range of A F  control ap- 
proximately O . l Y , .  

Crystal calibrator: provides frequency checkpoints every 100 
kHz and 1 MHz; headphone jack provided for audio fre- 
quency output (headphone not included) ; crystal fre- 
quency accuracy better than 0.01% from 0” to 50°C; 
cursor on frequency dial adjustable over small range to 
aid in interpolation adjustment; calibrator may be turned 
off when not in use. 

Residual FM: less than 1 part in 106 or 20 hertz peak, which- 
ever is greater. 

Frequency control input: BNC female connector for “fre- 
quency control output” from 8708A Synchronizer; can 
also be used for external frequency control: voltage change 
from -2 to -32 volts changes frequency approximately 
0.2% at low end of each band and approximately 6% 
at high end; nominally 4 k ohm input impedance, direct- 
coupled; voltage limits: 0 volt <applied voltage < S O  
volts. 

Output level: continuously adjustable from 0.1 microvolt 
to 3 volts into 50 ohm resistive load; output attenuator 
calibrated in 10 dB steps from 3 volt full scale to 1.0 
microvolt full scale (into 50 ohms), also calibrated in 
dBm (0 dBm=l milliwatt in 50 ohms); vernier control 
provides continuous adjustment of voltage between full 
scale ranges; output level indicated on RF Output Meter 
calibrated in volts (0 to 1 and 0 to 3 volts) and dBm 
(-10 to + 3  dBm).  

Frequency response and output accuracy (attenuator range 
1 volt and below; 50 ohm resistive load):  at any output 
voltage setting, output level variation with frequency 
change is less than 2 dB, total, across entire frequency 
range; output accuracy better than & I  dB at any fre- 
quency. 

Impedance: 50 ohms, SWR less than 1.1 on 0.3 volt atten- 
uator range and below, less than 1.2 on 1 volt and 3 volt 
ranges. 

RFI: meets all conditions specified in MIL-I-6181D; permits 
receiver sensitivity measurements down to at least 0.1 
microvolt. 

Harmonic output: at least 30 dB below the carrier. 
Spurious AM: hum and noise sidebands are 70 dB below car- 

rier down to thermal level of 50 ohm output system. 
Auxiliary RF output: fixed level C W  signal from RF oscillator 

(minimum amplitude 100 millivolts rms into 50 ohms) 
provided at front panel BNC female connector for use 
with H P  8708A Synchronizer or other external equipment 
(e.g., frequency control). 

Modulation characteristics 
Internal AM: 

Frequency: 400 and 1000 Hz, is%; modulation signal avail- 
able at front panel BNC female connector for synchroniza- 
tion of external equipment. 

Modulation level: 0 to 95% on 1 volt range and below; 0 to 
at least 30% on 3 volt range. 

Carrier envelope distortion: less than 1% at 30% AM; less 
than 3% at 70% AM (attenuator on 1 volt range and 
below). 

External AM: 
Frequency: dc to 20 kHz maximum, dependent on carrier 

frequency (f ,)  and percent modulation as tablulated: 
Maximum modulation frequency: 

30% Mod: 
O.O6f, ; 
70% Mod:  
0.02 f , ;  
Squarewave Mod : 
0.003 f ,  (3 kHz max).  

Modulation level: 0 to 95% on 1 volt attenuator range be- 
low, 0 to at least 30% on 3 volt range. 

Input required: 4.5 volts peak produces 95% modulation 
(maximum input 50 volts peak);  input impedance 1000 
ohms. 

Carrier envelope distortion: less than 1% at 30% AM, less 
than 3% at 70% AM (attenuator on 1 volt range and 
below ) . 

Modulation meter accuracy: f 5 %  of full scale, 0 to 90%, 
for modulation frequencies to 10 kHz, %IO% of full scale 
for frequencies from 10 kHz to 20 kHz. 

Modulation level constancy (internal or external AM: atten- 
uator on 1 volt range and below): modulation level stays 
constant within i l / 2  dB regardless of carrier frequency 
and output level changes. 

Incidental frequency modulation (attenuator on 1 volt 
range and below, 30% modulation): less than 5 x 
+ 100 Hz peak. 

General 
Power: 115 or 230 volts &IO%, 50 to 400 Hz, 135 watts. 
Dimensions: cabinet mount, 20%’’ wide, 1 2 % ”  high, 14%’’ 

deep, (527 x 318 x 370 m m ) .  
Weight: cabinet mount, net, 53 Ibs (23,9 kg) ;  shipping, 64 

lbs (28,8 kg);  rack mount, net, 48 lb (21,6 kg) ;  shipping, 
62 lb (27,9 kg) .  

Accessories available: 
11507A Output Termination, provides 3 positions: 50 ohms 

(for use into high impedance); 5 ohms (10:l  voltage di- 
vision) ; IEEE Standard Dummy Antenna (driven from 
10:1 divider) ; price, $70. 

11509A Fuse Holder, provides protection for output attenua- 
tor when 606B is used for transceiver tests; price, $25. 

10514A Mixer, for use as nanosecond pulse modulator; price, 
$250. 

Price: Model 606B (cabinet mount), $1550. ; Model 606BR 
(rack mount), $1535. 

Model 606A 
The Model 606A covers the same frequency ranges as the 

606B, but does not include the frequency control input feature 
that allows frequency stabilization by the Model 8708A Syn- 
chronizer. Model 606B specifications apply to the 606A with 
the following exceptions: an auxiliary uncalibrated RF output 
is not included; harmonic output is less than 3%; the crystal 
calibrator provides check points at 100 kHz (useful to 6 MHz) 
and 1 MHz intervals; output power level frequency response 
is i 1 dB over the entire frequency range. 
Price: H P  606A (cabinet), $1,350; H P  606AR (rack mount) 

$1,335. 
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VHF SIGNAL GENERATORS 
Improved versatility and value 10-480 MHz 
Models 608C/D/E/F; 8708A 

I 608F I 
~~~ ~~ 

Description 
Models 608E and 608F provide high-quality, versatile per- 

formance with distinctive ease of operation. The 608E pro- 
vides an output of up to 1 volt over the range from 10 to 480 
MHz, and the 608F provides an output of up to 0.5 volt from 
10 to 455 MHz. 

The 608E is an improved version of the popular and time- 
proven H P  608C/D Signal Generators. The instrument is a 
master oscillator-power amplifier (MOPA) type with a broad- 
band buffer amplifier stage between the oscillator and power 
amplifier circuits for isolation. The MOPA design permits op- 
timization of the oscillator stage for high stability of 0.005% 
per 10 minutes, minimum residual FM, and low harmonics 
without restricting the modulation characteristics. Modulation 
is applied to the power amplifier stage with negligible effect on 
the oscillator frequency. 

Modulation capability 
The use of feedback in the power amplifier section yields 

excellent amplitude modulation characteristics. Up to 95% 
modulation can be achieved with modulating frequencies rang- 
ing from 20 Hz to 20 kHz. Envelope distortion is very low, 
less than 2% at 30% AM and less than 5 %  at 70% AM; this 
allaws you to make more accurate measurements of the distor- 
tion characteristics on receivers or detectors. Internal modula- 
tion oscillators of 400 Hz and 1000 Hz are provided, and the 
modulation percentage can be set and read directly on the 
accurate front panel modulation meter. The buffer amplifier 
stage betaeen the master oscillator and power amplifier holds 
incidental FM with AM to a minimum, assuring accurate mea- 
surements. 

Accurate out put level 
Output levels of the Models 608E/F are accurately attenu- 

ated to provide continuously adjustable calibrated output to 
0.1 microvolt rms into a 50 ohm load. Direct calibration is 
provided in both volts and dBm (to -127 dBm) and the 
output calibration is accurate to within 1 dB at any frequency 
or level setting. The output system of the 608E/F is a well 
matched 50 ohm circuit which minimizes mismatch ambiguities 
as a factor in overall measurement accuracy. The extremely 

wide range of output amplitude control makes the 608F very 
useful for driving bridges and filters as well as complete re- 
ceiver measurements including sensitivity, selectivity, and image 
rejection. 

Models 608E/F provide an auxiliary RF output; this fixed 
level (180 millivolts rms minimum) C W  signal is for use with 
an H P  5245L Counter for very accurate indication of carrier 
frequency. On the 608F, this output is also for use with the 
8708A Synchronizer. Using the auxiliary RF output does not 
place any restriction on the modulation capabilities nor on the 
main RF output level. The units also contain a crystal calibrator 
to provide accuracy frequency checkpoints at every 1 or 5 MHz 
throughout the frequency range. 

High settability 
The fine frequency vernier is an electronic fine tuning adjust- 

ment of the output frequency. Frequency settability with better 
than 10 ppm resolution is possible to obtain precise settings for 
critical tests. When used with the internal crystal calibrator, 
608E frequency accuracy can be increased by a factor of 50 
(factor of 100 for the 608F) over the main dial calibration of 
1% without the use of an external frequency meter. 

608F/8708A combination 
The Model 8708A Synchronizer is an easy-to-use frequency 

stabilizer that allows the 608F to be phase-locked at any fre- 
quency. Full AM and output level features of the 608F are 
retained during phase-lock. The 87084 increases frequency 
stability by a factor of 250 with the extra benefit of 8708A 
precise tuning resolution for settability to 2 parts in 107. The 
608F/8708A combination also permits narrowb‘and frequency 
and phase modulation to be applied with very low distortion. 
See page 338. 

Specifications, 608E/F 
Frequency characteristics 

Range: 6OSE: 10 - 480 MHz in 5 bands (10-21, 21-43, 
43-95, 35-21>, and 215-480 MHz. 608F: 10 ~ 455 MHz 
in 5 bands (10-21,. 21-44, 44-95, 95-210. and 210-455 
MHz) .  

Accuracy: 608E: %0.5%. 608F: *l%. 

Drift: 608E: less than 50 parts in 106 per 10 minute period 
after one hour warmup. Less than 10 minutes to restabilize 
after changing frequency. 608F: less than 50 parts in lo6 
per 10 minute period after one hour warmup; less than 10 
minutes to restabilize after changing frequency; stability 
when used with 8708A Synchronizer: 5 x 10-8/minute; 
2 x 10-7/10 minutes; 2 x lO-eJday; 2 x 10-’JoC (0”  to 
35°C); 2 x 10-7/10% line voltage change. 

Frequency Control input (608F ONLY): BNC female con- 
nector for “Frequency Control Output” from 8708A Syn- 
chronizer can also be used for external frequency control; 
voltage change from -2 to -32 volts changes frequency 
approximately 0.2% at low end of each band and approxi- 
mately 2% at high end; nominal kn input impedance, di- 
rect-coupled; voltage limits, 0 to -50 V. 

Resettability: 608E: main frequency control resettability 
better than t O . l %  after initial warmup; Fine Frequency 
Adjust provides approximately 25  kHz settability at 480 
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MHz (proportionately finer adjustment at lower frequen- 
cies). 608F: main frequency control resettability better 
than after initial warmup; Fine Frequency Adjust 
provides approximately 25 kHz settability at 455 MHz 
(proportionately finer adjustment at lower frequencies). 

Tuning control: frequency control mechanism provides a 
main dial calibrated in megacycles and a vernier dial for 
interpolation purposes; total scale length, approximately 
45 inches; calibration, every other megahertz 130 to 270 
MHz; every 5 MHz above 270 MHz. 

Crystal calibrator: provides frequency check points every 1 
MHz or 5 M H t  over the range of the instrument; head- 
phone jack provided for audio frequency output (head- 
phones not included) ; crystal frequency accuracy better 
than 0.01% at normal room temperatures; cursor on fre- 
quency dial adjustable over small range to aid in inter- 
polation adjustment; calibrator may be turned off when 
not in use. 

Residual FM: less than 5 parts in 10‘ peak. 

Harmonic output: at least 35 dB below the carrier 

Output characteristics 
Output level: 608E: continuously adjustable from 0.1 

molt  to 1.0 volt into a 50 ohm resistive load; output at- 
tenuator calibrated in volts and dBm (0 dBm = 1 m W  
in 50 ohms).  

608F: continuously adjustable from 0.1 &volt to 0.5 volt 
into a 50 ohm resistive load; output attenuator cali- 
brated in volts and dBm (0 dBm = 1 m W  in 50 ohms).  

Accuracy: within &1 dB of attenuator dial reading at  any 
frequency when RF Output Meter indicates “ATTENU- 
ATOR CALIBRATED.” 

Leveling: internal feedback circuit retains “ATTENUATOR 
CALIBRATED” reference on RF Output Meter over wide 
frequency ranges (typically octave bands) ; adjustment of 
front panel AMP. TRIMMER control (only) for maxi- 
mum RF output indication automatically restores initial 
carrier level for greater frequency changes. 

Impedance: 50 ohms with a maximum SWR of 1.2 for atten- 
uator setting below -7 dBm. 

RFI: meets all conditions specified in MIL-I-6181D; permits 
receiver sensitivity measurements down to at least 0.1 
microvolt. 

Auxiliary RF output: 608E: fixed level C W  signal from RF 
Oscillator (minimum amplitude 180 mV rms into 50 
ohms) provided at front panel BNC female connector for 
use with external equipment (e.g., frequency counter). 

608F: fixed level C W  signal from RF Oscillator (mini- 
mum amplitude 180 mV rms into 50 ohms) provided 
at front panel BNC female connector for use with H P  
8708A Synchronizer or other external equipment (e.g., 
frequency counter). 

Modulation characteristics 
(Front panel AMP TRIMMER control adjusted for maxi- 

mum indication on RF Output Meter and RF Output 
Meter set to “ATTENUATOR CALIBRATED.”) 

Internal AM 
Frequency: 400 and 1000 Hz, r+lO%; modulation signal 

available at front panel BNC female connector for syn- 
chronization of external equipment. 

Modulation level: 608E: 0 to 95%, modulation at carrier 

levels 0.5 volt and below; continuously adjustable with 
front panel MOD LEVEL control. 

608F: 0 to 95% modulation with Output Attenuator at 
0.224 volt (1 m W )  or below; continuously adjustable 
with front panel MOD LEVEL control. 

Carrier envelope distortion: less than 2% at 30% AM and 
less than 5 %  at 70% AM. 

External AM 

Frequency: 20 Hz to 20 kHz. 
Modulation level: 608E: 0 to 95% modulation at carrier 

levels of 0.5 volt and below; continuously adjustable with 
front panel MOD LEVEL control; input required, 1-10 
volts, rms (1000 ohms input impedance). 

608F: 0 to 95% modulation with Output Attenuator at 
0.224 volt ( 1  m W )  or below; continuously adustable 
with front panel MOD LEVEL control; input required, 
1-10 volts, rms (1000 input ohms impedance). 

Carrier envelope distortion: less than 2 %  at 30% AM, less 
than 5% at 70% AM. 
External control of carrier level can be achieved through 

Modulation meter accuracy: + 5 %  of full scale 0 to 80%, 
&IO% from 80% to 95% (for I N T  AM or 20 Hz to 
20 kHz EXT A M ) .  

Incidental frequency modulation (at 400 and 1000 Hz 
modulation): less than 1000 Hz peak at 50% AM for fre- 
quencies above 100 MHz; for frequencies below 100 MHz, 
less than 0.001% at 30% AM. 

application of dc voltage in EXT AM mode. 

External pulse modulation: 
Rise and decay time: from 40 M H t  to 220 MHz, com- 

bined rise and decay time less than 4 psec; above 220 
MHz combined rise and decay time less than 2 psec. 

On-off ratio: at least 20 dB for pulsed carrier levels of 
0.5 volt and above. 

Input required: positive pulse, 10-50 volts peak, input im- 
pedance 2000 ohms. 

General: 
Power: 115  or 230 volts *lo%, 50 to 400 Hz; approximately 

220 watts. 
Dimensions: cabinet: 13%” wide, 16Y8’’ high, 21” deep 

(337 x 416 x 533 mm) ; rack mount: 19” wide, 13-31/32’’ 
high, 18%” deep behind panel (483 x 335 x 467 m m ) .  

Cabinet mount: net, 62 Ibs (28 kg) ;  shipping, 73 Ibs (33 

Rack mount: net, 62 lbs (28 kg) ; shipping, 89 lbs (40 kg) .  

1150814 output cable provides 50 ohms termination and 
standard binding posts at the end of a 24-inch (610 
mm) length of cable; allows direct connection of the 
signal generator to high impedance circuits. $18.00. 

11509A Fuse Holder provides protection for the output 
attenuator when the Model 608E/F is used for trans- 
ceiver tests. $25.00. 

10514A Mixer for use as nanosecond pulse modulator or 
balanced modulator. $250.00. 

Price: Model 608E (cabinet, $1450.00; Model 608ER (rack 
mount), $1470.00; Model 608F (cabinet), $1600.00; 
Model 608FR (rack mount), $1620.00. 

Weight: 

kg) .  

Accessories available: 
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VHF SIGNAL GENERATORS CONTINUED 
Improved versatility and value 10-480 MHz 
Models 608C/D/E/F; 8708A 

HP Model 8708A Synchronizer 
The 8708A Synchronizer is a phase-lock frequency stabilizer 

that allows you to obtain crystal-oscillator frequency stability 
in the 606B and 608F Signal Generators at any frequency with- 
in their ranges. The outstanding AM and output level control 
capabilities of the signal generators are retained. Phase-locking 
eliminates microphonics and drift, resulting in a frequency 
stability of 2 x 10-7 per 10 minutes, an increase by a factor of 
250. The 8708A includes an ultrafine frequency vernier which 
can tune the reference oscillator over a range of &0.25% per- 
mitting frequency settability to 2 parts in 107. This high order 
stability and settability can be achieved at any frequency in the 
606B and 608F range, eliminating phase-locking at only discrete 
frequencies. This provides a very stable, yet tunable signal gen- 
erator that satisfies many critical applications including mea- 
surements on SSB and narrowband receivers. 

An external 20 MHz frequency reference can be used; the 
resultant stability is that of the external reference. Use of an 
external reference, however, results in just fixed discrete lock 
points (unless the reference is frequency tunable t 0 . 2 5 %  
around 20 MHz) .  

Narrowband frequency and phase modulation with very low 
distortion (better than 1% linearity) of the 606B and 608F 
Signal Generators can be applied through the 8708A. Narrow- 
band sweeping of the carrier under very stable conditions is 
valuable for filter or amplifier skirt response tests as well as 
Q studies of frequency selective circuits. 

Specifications, 8708A 
Frequency range: 50 kHz to 500 MHz; phase-locks 606B or 

608F Signal Generator a t  any carrier frequency*, with 2 x 
10-7 sett ability. 

Input signal level (signal to be stabilized): proper signal level 
automatically provided by 606B and 608F; general require- 
ments: 

50 kHz to 20 MHz: 0.25 to 5 V p-p into 50 ohms; 10 to 
500 MHz, 300 mV rms 5 3  dB (<20% distortion), 
into 50 ohms. 

Frequency reference: internal or external 20 MHz (i.0.25%); 
external reference requirements; ( a )  when signal to be 
synchronized is between 50 kHz and 20 MHz, 230 mV rms 
i l  dB (less than 20% distortion), into 50 ohms; ( b )  when 
signal to be synchronized is between 10 MHz and 500 MHz, 
0.25 to 5 V p-p into 5 ohms. 

Internal frequency reference stability: 
Short term (RMS deviation): 5 x 10-8,'minute; 2 x 10-i/10 

Long term: 2 x 10-6/day. 

With temperature: 2 x lO-7/'CC, 0 to 55°C. 

With line voltage: 2 x 1 0 - ~ / 1 0 ~  line voltage change. 
(Note: stability in "External Reference" mode is that of 

Spectral purity (stabilized RF output of 606B or 608F Signal 
Generator): 

Spurious signals: non-harmonically related signals greater 

Signal-to-AM noise ratio**: greater than 70 dB. 

Signal-to-phase noise ratio**: greater than 60 dB. 

RMS fractional frequency deviation: less than 5 x 

minutes. 

external reference source). 

than 60 dB below carrier. 

av- 
eraged over 10 msec (30 kHz noise bandwidth). 

Frequency control output: frequency control voltage directly 
compatible with 606B and 608F Signal Generators; output 
voltage range, -2 to -32 volts (max) .  

Modulation 
Frequency modulation: maximum modulation rates and fre- 

quency deviation for 5 1% distortion: 
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Modulation sensitivity (ac or dc): 
Mod. level control at maximum 

10 kHz carrier freq. (MHz) 
X 

volt 20 
Note: dc input limits, 0 to 10 volts (input connector biased 

Phase modulation: maximum modulation rate and phase devi- 

at + 10 V from a 10 k ohm source). 

ation for 5 1 %  distortion: 

MODULATION RATE ( H r )  - BANDS A THROUGH E (608Fl 

20 50 IO0 200 500 11; 2K 5K IOK 
MODULATION RATE ( H z )  -BANDS I THROUGH 6 (6068) 11011-..11 

Modulation sensitivity (ac only): Mod. level control at 
maximum 

104 (. y; ;; s ) carrier freq. (MHz) 
mod. freq. (Hz)  20 

Deviation monitor: dc output voltage which is proportional to 
frequency and phase deviation; output voltage, deviation 
ratio varies with carrier frequency, output voltage range ap- 
proximately -1 to 4 3  V. 

RFI: meets all conditions specified in MIL-I -6181D.  

Power: 115 or 230 volts % l o % ,  50 to 400 Hz; approximately 

Dimensions: 1 6 % ”  wide, 3-25/32” high, 18%’’ deep (425 x 96 
x 467 m m ) ;  hardware furnished for rack mount, 19” wide, 
3-15/32” high, 16%’’ deep behind panel (483 x 88 x 416 
m m ) .  

Furnished: interconnecting cables for use with 606B and 608F 

Weight: net, 24 Ib (10,s  kg) ;  shipping, 29 lb (13 , l  kg) .  

Price: Model 8708A3, $1800.00. 

48 watts. 

Signal Generators. 

Models 608C and 608D 
VHF Signal Generators 

The Model 608C/D are designed as broadly applicable VHF 
signal generators. Both units feature internal modulation of 
400 and 1000 Hz standard test tones for routine AM applica- 
tions, and can be externally modulated up to 95%. Versatile 

‘Using 8708A Internal Reference, or external reference adjustable over 0.5% 
frequency range. Wi th f ixed frequency external reference, interval between 
lock points variesfrom 62.5 HZ at 50 kHz to  500 kHz above 210 MHz, 

* *  In  a 30 kHz band centered on the carrier, excluding a 1 Hz band centered 
on the  carr ier .  

modulation capabilities allow pulse and transient testing of 
VHF receivers. Accuracy of measurements is enhanced by 
608C/D minimum incidental FM with AM, modulation dis- 
tortion, and frequency drift. Models 608C/D feature calibrated 
RF output attenuation down to 0.1 pV, and provide high qual- 
ity pulses as short as 1 Psec at RF frequencies above 100 MHz. 

The Model 608C is a high power, stable and very accurate 
generator for general lab and field use, providing 1 volt maxi- 
mum RF output and broad frequency coverage from 10 to 480 
MHz. 

Maximum output of the 608D is 0.5 volt through the range 
of 10 to 420 MHz. A built-in crystal calibrator provides accu- 
rate frequency check points at 1 and 5 MHz intervals. 

Major specifications, 608C,D 
Frequency range: 608C, 10 to 480 MHz in 5 bands; 608D,  10 

Frequency dial calibration accuracy: 608C, & 1%; 608D,  

Resettability: better than after warm-up. 
Frequency drift: <0.005% over a 10 minute interval after in- 

itial warm-up (15 to 35‘C ambient). 
Output level: 608C, 0.1 pV to 1 V into 5022; 608D,  0.1 pV 

to 0.5 V into 5022; attenuator dial calibrated in volts and 
dBm; (0 dBm equals 1 m W ) .  

to 420 MHz in 5 bands. 

* O S % .  

Output voltage accuracy: k1 dB into 5022. 
Generator impedance: 50 ohms; maximum swr 1 2 .  
Internal AM: 400 Hz *lo% and 1000 Hz 2 1 0 % .  
External AM: 0 to 95% at output levels of 0 dBm and below 

at modulation frequencies 20 Hz to 20 kHz; input require- 
ments, 0.5 V rms across 15 k0. 

Modulation meter accuracy: & l o %  of full scale, 30% to 95% 
modulation. 

Envelope distortion: less than 5 %  at 30% sine-wave modula- 
tion; less than 10% at 30% sine-wave modulation. 

External pulse modulation: positive 5 V peak pulse required; 
40 to 220 MHz, combined rise and decay time of RF  pulse 
less than 4 ksec; above 220 MHz, combined rise and decay 
time of RF  pulse less than 1 psec; pulse on-off ratio at least 
20 dB. 

Incidental FM: 608C, <0.0025% at 30% AM, 21 to 480 MHz; 
608D, <lo00 Ht peak at 50% AM above 100 MHz, 
< O . O O l Y ,  at 30% AM below 100 MHz. 

Price: H P  608C, $1250 (cabinet); H P  608CR, $1270 (rack 
mount);  H P  608D, $1350 (cabinet); H P  608DR $1370 
(rack mount).  

608C 
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The H P  3200B V H F  Oscillator provides low cost, stable, 
10 to 500 MHz R F  for testing receivers and amplifiers, and 
driving bridges, slotted lines, antennas, and filter networks. 
Good pulse modulation sensitivity allows standard audio 
oscillators to be used to provide usable square-wave modu- 
lation; a 2.5-volt sine wave will provide adequate drive for 
this type application. The  3200B can also serve as a local 
oscillator for heterodyne detector systems and as a marker 
source for swept systems. An optional accessory Frequency 
Doubler Probe, HP 135 15A, provides additional frequency 
coverage from 500 to 1000 MHz.  

Though the oscillator stability is specified as .005% for a 

under controlled conditions, stabilities of 0.0001 % are at- 
tainable at some frequencies. 

Effective RF  shielding permits measurements at levels 
down to 1 pV. 

A front panel vernier control varies the plate voltage in 
the oscillator, electrically refining the attenuator piston 
setting. 

RF is read on an expanded slide-rule type scale. The  os- 
cillator may be precisely tuned by means of a mechanical 
vernier activated by the main tuning control. 

T h e  3200B is well suited for bench use and may be - . *  
>-minute period after warmup, typical data indicates that, adapted for standard 19-inch rack mounting. 

13515A 

Specifications 

Frequency range: 10 to 500 M H z  in six bands: 10 to 18.8 
MHz; 18.5 to 35 MHz;  35 to 68  MHz;  68 to 130 MHz;  
130 to 260 MHz;  260 to 500 MHz.  

Amplitude modulation: externally modulated. 
Range: 0 to 30%. 
Distortion: < 1 % at 30% AM. 

Frequency accuracy: within *2% after 1/* hour warmup. 

Frequency calibration: increments of less than 4 7 ~ .  

Frequency stability (after 4-hour warmup under 0.2 mW load): 
short term ( 5  minutes) +-O.00?7~;  long term (1 hour) 
*0.02%; line voltage (5-volt change) - t O . O 0 1 7 G .  

RF output: 

Maximum power (across 50-ohm external load): > 200 
m W  (10 to 130 MHz); >150 m W  (130 to 260 
MHz) ; > 2 5  m W  (260 to 500 M H z )  , 

Range: 0 to > 120 dB attenuation from maximum output. 

Load impedance: 50 ohms nominal. 

RF leakage: sufficiently low to permit measurements at 1 pv. 
RFI: meets requirements of MIL-1-618lD. 

~ , -  I -  

External requirements: approximately 20 volts rms into 
600 ohms for 30% AM, 200 Hz to 100 kHz. 

Pulse modulation: externally modulated. 
External requirements: 2.5-volt negative pulse into 2000 

Power: 105 to 125  V or 210 to 250 V,  50 to 1000 Hz, 30 W. 

Dimensions: 75/" wide, 6Y2" high, 13%" deep (194  x 165 

ohms. 

x 333 m m ) .  

Weight: net 15 lbs (6 , s  k g ) ,  shipping 19 lbs (8,6 k g ) .  

Accessories available: 13515A Frequency Doubler Probe; 
00501B, 00514B, 00517B Output Cables; 00502B, 
00506B Patching Cables. 

Price: H P  3200B, $475; H P  13515A, $95. 
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UHF SIGNAL GENERATOR 
All-purpose uhf signal generator, 450 to 1230 MHz 

Model 612A 

Here is an all-purpose, precision signal generator particularly 
designed for utmost convenience and applicability throughout 
the important uhf-tv frequency band. It is ideally suited for 
measurements in uhf-television broadcasting, studio-transmitter 
links, citizen's radio and public service communications sys- 
tems. The HP 612A also covers the important frequencies used 
in aircraft navigation aids such as DME, TACAN and air- 
borne transponders. Accessory modulators, available from 
many of the manufacturers of these navigational aids, enable 
the 612A to provide the complex modulation patterns required 
for testing and aligning these systems. In the laboratory, the 
612A is a convenient power source for driving bridges, slotted 
lines, antennas and filter networks. In addition, the H P  8731 
PIN Modulators can be used with the 612A to obtain rf pulses 
with 30 nsec rise time and 0.1 ysec minimum duration - with 
on-off ratios approaching 80 dB. 

MO-PA circuit 
The master oscillator-power amplifier circuit in HP 612A 

provides 0.5 volt into 50 ohms over the full frequency range 
of 450 to 1230 MHz. There is very low incidental F M  (less 
than 0.002% at  30% A M )  and excellent modulation capabili- 
ties by all frequencies from 20 Hz to 5 MHz. The degree of 
modulation is easily read from the large Percent Modulation 
meter. The instrument can be amplitude modulated (either 

internally or externally), and provision is made for external 
pulse modulation, as well, Pulse modulation can be applied to 
the amplifier, or directly to the oscillator when high on-off 
signal ratios are required (signal may be completely cut off 
between pulses). Modulation can be up or down from preset 
level to simulate tv modulation characteristics accurately. 

Advanced design 
The oscillator-amplifier circuit in the 612A employs high- 

frequency pencil triodes in a cavity-tuned circuit for precise 
tracking over the entire band. Non-contacting cavity plungers 
are die cast to precise tolerances, then injection molded with 
a plastic filler for optimum Q. The frequency drive is a direct 
screw-operated mechanism, free from backlash. A waveguide- 
beyond-cutoff piston attenuator and crystal monitor circuit are 
used to insure accurate, reliable output down to 0.1 Ccvolt. The 
attenuator is calibrated over a range of 131 dB and has been 
carefully designed to provide a constant impedance-versus- 
frequency characteristic. The swr of the 50-ohm output system 
is less than 1.2 over the complete frequency range. 

Specifications 
Frequency range: 450 to 1230 MHz in one band; scale length ap- 

proximately 15" (381 mm), 
Calibration accuracy: within * 1% ; resettability better than 5 

MHz at high frequencies. 
Output voltage: 0.1 fiV to 0.5 V into 50-ohm load; calibrated in V 

and dBm (0 dBm = 1 mW).  
Output accuracy: *1 dB, 0 to -127 dBm over entire frequency 

range. 
Internal impedance: 50 ohms ; maximum reflection coefficient, 

0.091 (1.2 swr, 20.8 dB return loss). 
Amplitude modulation: above 470 MHz, 0 to 90% at audio fre- 

quencies, indicated by panel meter; accuracy * 10% of full  scale, 
30 to 90% modulation. 

Incidental FM: less than 0.002% for 30% AM. 
Internal modulation: 400 and 1000 Hz * 10% ; envelope distor- 

tion less than 2% at 30% modulation. 
External modulation: 20 Hz to 5 MHz; above 470 MHz, 2 V rms 

produces 85% AM at modulating frequencies up to 500 kHz, at 
least 40% AM at 5 MHz; modulation may be up or down from 
the carrier level or symmetrical about the carrier level; positive or 
negative pulses may be applied to increase or decrease rf output 
from the carrier level. 

Pulse 1 (pulse applied to amplifier) : positive or negative pulses, 
4 to 40 V peak produce an rf on-off ratio of at least 20 dB ; min- 
imum rf output pulse length, 0.2 psec. 

Pulse 2 (pulse applied to oscillator) : positive or negative pulses, 
4 to 40 V peak; no rf output during off time; minimum rf 
output pulse length, 1 psec. 

RFI: conducted and radiated leakage limits are below those specified 
in iMIL-I-6181D ; permits receiver sensitivity measurements down 
to 1 ,pv. 

Pulse modulation 

Power: 115 or 230 volts * l o % ,  50 to 400 Hz, 215 watts. 
Dimensions: cabinet: 131/2" wide, 169'2'' high, 219'2" deep (343 x 

419 x 546 mm) ; rack mount: 19" wide, 13-31/32" high, 20%" 
deep behind panel (483 x 355 x 514 mm). 

Weight: net 56 lbs (25,4 kg), shipping 68 lbs (30,5 kg) (cabinet) ; 
net 56 lbs (25,4 kg), shipping 72 lbs (32,4 kg) (rack mount). 

Accessories available: ll5OOA RF Cable Assembly, $15;  10503A 
Video Cable Assembly, $6.50; 360B Low-Pass Filter (may be 
used where harmonic output must be reduced to a minimum, as in 
slotted line measurements), $70. 

Price: HP 612A, $1400 (cabinet); HP 612AR, $1420 (rack 
mount). 
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SIGNAL GENERATORS. SOURCES 
Stable, easy to use, cover 800 to 4500 MHz 
Models 8614A, 8616A; 8614B, 8616B 

Advantages: 
High frequency accuracy, digital dial 
Precision attenuator, digital dial 
Amplitude modulation capability and automatic 

Compact, only 5%" (133  mm) high 
power leveling in the signal generators 

Use to measure: 
Receiver sensitivity 
Standing wave ratios 
Transmission line characteristics 
Conversion gain 

The  HP 8614A and 8616A Signal Generators are easy-to- 
use instruments which provide stable, accurate signals from 
800 to 2400 MHz (8614A) and from 1800 to 4500 M H z  
(8616A) .  Both frequency and attenuation are set on direct- 
reading digital dials, while function is easily selected by 
pushbuttons. Selectable functions include cw, leveled out- 
put, square-wave modulation, and external amplitude, pulse 
or frequency modulation. Amplitude, frequency and square- 
wave modulation can be accomplished simultaneously with 
or without leveling. 

Two outputs 
Two rf power outputs are simultaneously available from 

separate front-panel connectors. One  provides at least 10 

m W  (2  m W  above 3000 MHz,or  a leveled output from 0 
to -127 dBm. The  leveled output is flat within f0.5 d B  
(8614A) or k 0 . 8  dB (8616A) across the respective bands 
with no resetting of the attenuator or power monitor, 

T h e  second output is at least 0.5 m W  across the band and 
is independent of attenuator setting. This signal can be 
used for phase locking the signal generators when extreme 
stability is desired, or it can be monitored with a frequency 
counter for extreme frequency resolution. In any case, the 
second output can be utilized without adversely affecting 
the primary output. 

Modulation capabilities 
A unique PIN diode modulator permits amplitude modu- 

lation from dc to 1 M H z  or furnishes rf pulses with a 2 p e c  
rise time. This broad modulation bandwidth permits remote 
control of output level or precise leveling using external 
equipment, The  internal leveling is also obtained by using 
a P I N  modulator. 

When up to one watt output is required above 1 GHz,  the 
H P  489A (1 to 2 G H z )  or H P  491C (2  to 4 G H z )  Micro- 
wave Amplifiers (see Amplifiers) serve as ideal power boost- 
ers. The  HP 8731 and 8732 Series P I N  Modulators, driven 
by the H P  8403A Modulator (see Mixers, Modulators, At- 
tenuators), also are available for use with the signal gener- 
ators when a sophisticated high-speed, low-jitter modulation 
system is required, 
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Signal Sources 
The H P  8614B and 8616B retain the convenience of the 

“A” models. Functions are selected by pushbuttons, and 
frequency and attenuation are set on digital dials, Although 
the signal sources do not have power monitors or internal 
P I N  diode modulation, relative power measurements can 
be made, using the precision attenuator. Modulation capabili- 
ties include internal square-wave modulation, plus external 
pulse and frequency modulation. For added convenience, 
a friction clutch arrangement permits setting the attenuator 
dial to any suitable reference while output power is held 
constant. Thus the attenuator can be calibrated directly in 
dBm or insertion loss. 

T h e  versatility of the H P  8614B and 8616B makes them 
suitable for both laboratory and general-purpose measure- 
ments, Indeed, these signal sources can be used in many 
applications previously requiring signal generators. 

EXTERNAL FM 
F R O N T  P A N E L  R E A R  P A N E L  

(AC-COUPLED)  (DC-COUPLED1 

RF OUTPUT 

C A V I T Y  

DC SUf 
BEAM.RE 

EXT)  ] 
AM 

Simplified block diagram of hp 8614A and 8616A Signal Generators. 
The dashed line shows the leveling control circuit. 

Specifications 
Frequency range: 8614A and 8614B, 800 to 2400 MHz; 

8616A and 8616B, 1800 to 4500 MHz. 
Leveled output: constant within 1 0 . 5  dB (8614A) and 

+0.8 dB (8616A) across entire frequency range at any 
attenuator setting below 0 dB; output power can be ad- 
justed from the normal calibrated level with the Auto- 
matic Level Control; not available with 8614B and 
8616B. 

Frequency calibration accuracy: 8614A, i 5 MHz; 8614B, 
k 5  MHz or i O . 5 % ,  whichever is greater; 8616A, 2 1 0  
MHz; 8616B, t10 MHz or i 0 . 5 % ; ,  whichever is greater. 
Vernier: A F  control has a minimum range of 1 . 5  MHz for 

Frequency stability 
fine tuning. 

With temperature: approximately 0 .005%/°C change in 
ambient temperature. 

With line voltage: less than 0.003% change for line volt- 
age variation of ~ 1 0 7 ~ .  

Residual FM: 8614A and 8616A, less than 2500 Hz 
peak; 8614B, less than 0.0003% peak; 8616B,  less 
than 6 kHz peak. 

RF output power 
8614A: + I O  dBm (10 m W )  to -127 dBm (0.1 p V )  

into a 50-ohm load; output attenuator dial directly 
calibrated in dBm from 0 to -127 dBm. 

8614B: at least 1 j m W  max., controlled by attenuator. 
8616A: +lo dBm (10 m W )  to -127 dBm (0.1 pV) 

into a 50-ohm load, 1800 to 3000 MHz; + 3  dBm ( 2  
m W )  to -127 dBm (0.1 ,LV) into a 50-ohm load, 
3000 to 4500 MHz; output attenuator directly calibrated 
in dBm from 0 to -127 dBm. 
8616B; at least 1 j m W  maximum, 1800 to 3000 MHz; 
at least 3 m W  maximum, 3000 to 4500 MHz; controlled 
by attenuator. 

All models: a second, uncalibrated rf output (approxi- 
mately 0.5 m W >  is provided on the front panel. 

RF output power accuracy (with respect to attenuator dial) 
8614A: I t 0 . 7 5  dB + attenuator accuracy from 0 to 
- 127  dBm, including leveled output T-ariations. 

8616A: i l  dB + attenuator accuracy from 0 to -127 
dBm, including leveled output variations. 

Attenuator accuracy 
8614A: +O, -3 dB from 0 to -15 dBm; 5 0 . 2  dB 

8614B and 8616B: k 0 . 2  dB t 0 . 0 6  dB/10 dB below 

8616A: +0,  -1 dB from 0 to -10 dBm; t O . 2  dB 

All models: direct-reading linear dial, 0.2 dB increments. 

t 0 . 0 6  dB/lO dB from -15 to -127 dBm. 

-10 dBm. 

t 0 . 0 6  dB/lO dB from -10 to -127 dBm. 

Internal impedance: j o  ohms nominal. 
Reflection coefficient: 

8614A: less than 0.33 (2 .0  swr, 9.5 dB return loss). 
8614B: less than 0 .2  (1 .5  swr, 14  dB return loss). 
8616A: less than 0.33 (2 .0  swr, 9.5 dB return loss). 
8616B: less than 0.26 (1.7 swr, 11.7 dB return loss). 

Internal square wave: 950 to 1050 Hz. 
Square-wave sync: square wave can be synchronized with 

a + 1 to + 10 volt signal applied to the Pulse input. 
External AM (8614A and 8616A only):dc to 1 MHz.  
Incidental FM (8614A and 8616A only): negligible for 

External pulse: 

Modulation 

power levels below - 10 dBm. 

8614A and 8616A: 50 Hz to 50 kHz, 2 psec rise time, 
+ 20 to + 100 volts input. 

8614B and 8616B (below 4000 MHz)  : 50 Hz to 500 
kHz; + 2 5  to $50 volts peak input; minimum rf 
pulse width, 300 nsec; rf rise time, typically 200 nsec. 

External FM: (a )  front-panel connector capacitively cou- 
pled to klystron repeller; input impedance, 220 kn. 
shunted by approximately 300 pF; ( b )  rear-panel con- 
nector is dc-coupled to the klystron repeller. 

Power: 115 or 230 volts ? l o % ,  50 to 60 Hz, approxi- 
mately 1 2 5  watts, 

Dimensions: 16%” wide, 5y2” high, 183/s” deep ( 4 2 6 x  
141 x 467 mm) ; hardware furnished for conversion to 
rack mount 19” wide, 5-7/32” high, 163/” deep behind 
panel (483 x 133 x 416 mm).  

Weight: 8614A: net 42 Ib (18,9 kg ) ;  shipping 48 Ib 
(21,6 kg) 8614B and 8616B: net 38 Ib (1?,1 kg ) ;  
shipping 43 Ib (19,4 Ib) 8616A: net 44 Ib (19 ,s  kg ) ;  
shipping 50 Ib (22,5 kg) .  

Price: H P  8614A3, $2100; H P  8614B, $1450; HP 8616A, 
$2100; H P  8616B, $1450. 

Option 01.: External modulation input connectors on rear 
panel in parallel with front-panel connectors; rf con- 
nectors on rear panel only; add $25. 
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Ease of operation, direct-reading one-dial frequency con- 
trol, high stability and accuracy and broad frequency coverage 
are all advantages of these widely used signal generators. 

The  614A covers frequencies from 800 o 2100 MHz, has 
constant internal impedance with less than 1.6 swr, and 
ouput accuracy of +1 dB over the range of -10 dBm to 
-127 dBm. The  616B gives complete coverage of fre- 
quencies from 1.8 to 4.2 GHz, has constant internal impe- 
dance with less than 1.8 swr, and output accuracy of 2 1 . 5  
dB from -7 dBm to -127 dBm. 

On both instruments, operation is extremely simple. Car- 
rier frequency is set and read directly on the large tuning 
dial. No voltage adjustments are necessary during operation 
because of the coupling device which causes oscillator repel- 
ler voltage to track frequency changes automatically. Oscil- 

lator output is set and read directly on a simplified dial. 
Output may be continuous or pulsed, or frequency modulated 
at power line frequency, Pulse modulation may be provided 
externally or internally. Internal pulsing may be synchronized 
with either positive or negative external pulses, or sine 
waves. 

The oscillator portion of both the 614A and 616B consists 
of a reflex klystron in an external coaxial resonator. Fre- 
quency of oscillation is determined by a movable plunger 
which varies the resonant frequency of the resonator. Oscil- 
lator output is monitored by a temperature-compensated 
thermistor bridge circuit which is virtually unaffected by 
ambient temperature conditions. Voltage output is read di- 
rectly. A logging scale on the frequency dial provides a 
resettability of 0.1 %, 

614A 

Specifications 
Frequency range: 614A, 800 to 2100 MHz; 6i6B, 1800 to 4200 

Frequency accuracy: 21%. 
Frequency stability: 0.005%/”C change in ambient temperature; 

line voltage changes of 2 1 0 %  cause less than 0.01% frequency 
change. 

Output power range (into 50-ohm load): 614A, 0.5 mW or 0.158 
volt to 0.1 pV (-3 to -127 dBm) from 800 to 900 MHz, 1 
mW or 0.224 volt to 0.1 pV ( 0  to -127 dBm) from 900 to 
2100 MHz; 616B, 1 mW or 0.224 volt to 0.1 pV ( 0  to -127 
dBm). 

Power accuracy (at the end of 6 ft output cable, terminated in 
50-ohm load): 614A, within +1  dB from -10 to 127 dBm; 
616B, within t l . 5  dB from -7 to -127 dBm. 

Internal impedance: 614A, 50 ohms, reflection coefficient less than 
0.23 (1.6 swr, 12.7 dB return loss); 616B, 50 ohms, reflection 
coefficient less than 0.285 (1.8 swr, 10.9 dB return loss). 

MHt. 

Modulation: internal or external pulse or FM. 
Internal pulse modulation: pulse repetition rate variable from 40 

to 4000 per sec; pulse length variable from 1 to 10 psec; delay 
variable from 3 to 300 psec between synchronizing signal and rf 
pulse. 

External pulse modulation: ext - :  -40 to -70 V, 1 to 2500 
psec wide, ext +: +40 to +70 V, 1 to 400 psec wide. 

Trigger pulses out: (1) simultaneous with rf pulse; (2)  in advance 
of rf pulse, variable from 3 to 300 psec (both approximately 1 
psec rise time, amplitude + l O  to +50 volts). 

External synchronization: pulses, +IO to 5 0  volts, 1 to 20 Bsec 
wide; may also be synchronized with sine waves. 

Frequency modulation: oscillator sweeps at power line frequency ; 
deviation and phase adjustable; maximum deviation approx. 3 

RFI: Conducted and radiated leakage limits are below those speci- 

Power: 115 or 230 volts * l o % ,  50 to 400 Hz, approx. 160 watts. 
Dimensions: cabinet: 171/” wide, 135/,” high, 131/2’’ deep (438 x 

346x 343 mm) ; rack mount: 19” wide, 13-31/32” high, 121/8” 
deep behind panel (483 x 355 x 308 mm). 

MHt p-p. 

fied in MIL-I-6181D. 

Weight: net 59 lbs (26,5 kg) ; shipping 72 Ibs (32,4 kg). 
Accessory furnished: 11500A RF Cable Assembly. 
Accessories available: 614A: 360C Low-Pass Filter, f, = 2200 

MHz, $65; 1053A Video Cable Assembly, $6.50; 616B: S281A 
Waveguide-to-Coax Adapter, 2.6 to 3.95 gc, $50;  G281A Wave- 
guide-to-Coax Adapter, 3.95 to 5.85GHz,$40 ; 360D Low-Pass 
Filter, f,=4.1 GHt, $60; 10503A Video Cable Assembly, $6.50. 

Price: H P  614A or hp 616B, $1950 (cabinet) ; HP 614AR or H P  
616BR, $1970 (rack mount). 
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MICROWAVE SYNCHRONIZERS 
Generate highly stabilized microwave signals 

Models 2650A, 2654A 

These synchronizers permit absolute control of frequency 
by phase locking a klystron oscillator to a crystal reference, 
achieving essentially the stability of the references. The  syn- 
chronizer introduces no frequency error. Instruments will 
stabilize most reflex klystrons, 1 to 12.4 G H z  with complete 
elimination of klystron long-term drift and minimization of 
all incidental F M  caused by klystron noise, power supply 
ripple and mechanical shock. Sideband noise is typically 70 
dB down measured in any 1 kHz band from 3 kHz to 
beyond 100 kHz from the desired output frequency. Theory 
of operation of the 2650A is detailed on page 331; the 
2654A operation involves similar principles. 

T h e  2650A incorporates an internal crystal reference to 
stabilize klystron oscillator frequencies from 0.1 to 15.0 
GHz and up to 40 G H z  with standard modifications. T h e  
synchronizer samples less than 0 dBm of the klystron power. 
In addition, the 265OA permits frequency modulation of a 
klystron oscillator with deviations up  to 500 kHz at rates 
from 0 to 50 kHz minimum. Higher rates may be achieved 
with the more sensitive klystrons. A front panel control per- 
mits manual timing of the klystron frequency over a 2 M H z  
range, The  instrument may also be used to monitor a micro- 
wave signal frequency and provide a deviation frequency 
output for measurement by an electronic counter or fre- 
quency meter. 

2654A Frequency Standard Synchronizer provides higher 
orders of signal stabilization by locking the signal source to 
a 5 M H z  quartz oscillator. Yields stabilization essentially 
equal to the standard; for the 107AR this is < &5/1O1"/24 
hrs. 

A version of the 2654A is available to lock microwave 
sources to harmonics of the 5 1 OOA Frequency Synthesizer. 
This technique provides signal stabilities with typical rms 
frequency deviation of 2/1011/sec. 

Both the 2650A and 2654A are available as individual 
instruments to  be coupled by the user with a klystron, power 

supply and, if applicable, an external frequency reference, 
such as a quartz oscillator, They are also available as com- 
plete, fully specified frequency generation systems. A choice 
of klystrons is available for these systems, covering all or 
part of the 8.2 to 12 .4  GHz  range, at output powers from 
30 to 500 m W .  

Specifications, 2650A 

Input frequency: 1 to 12.4 GHz. 
Stability (using internal crystal) : l / l O s  per second, l / l O G  per 

week (over ?5"C) ,  1/10Gover range 0 to 50°C. 
Output circuitry: suitable for connection to klystron reflector; 

floating and insulated up to 2000 V dc; a phase lag network 
provides optimum characteristics for matching klystron sensi- 
tivities to 4 MHz/V. 

Input power: 0 dBm at 12.4 GHz less at lower frequencies; 
maximum power input, + 2 0  dBm. 

RF reference: internal: provided by internal quartz crystal, 
100 MHz standard, others on special order; external: 100 to 
400 MHz, 2 V into 50 ohms. 

IF reference: internal: quartz crystal 10 MHz kO.OOlY, of 
VFO tunable 29 to 31 MHz by front-panel control; external: 
29 MHz to 31 MHz, 0.5 V into 56 kn, also 10 MHz at 
higher levels. 

Power: 115 or 230 V %lo%, 50 to 1000 Hz,85 W. 
Dimensions: 16%" wide, 5%" high, 16%" deep behind panel 

(425 x 133 x 416 m m ) ;  hardware furnished converts unit 
to 19" wide rack mount. 

Weight: net 2 1  lbs (9,5 kg ) ;  shipping 35 Ibs (15,9 kg).  
Price: 2650A, $1450 (supplied with 100 MHz rf reference 

crystal; with special order crystal, $1480). 

Specifications, 2654A 
(same as 2650A except) 

Stability: equal to external oscillator (with 107AR,BR, 2/1011 

RF reference, IF reference: taken from quartz oscillator. 
Price: 2654A4, $2000. 

rms averaged over 1 sec, 5/1010 per 24 hours). 

2650A 
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SHF SIGNAL GENERATORS 
Multiple-purpose instruments, 3.8 to 11 GHz 
Models 618C. 620B 

Ad vantages: 

Direct-reading frequency dial 
Direct-reading output in voltage or dBm 
Internal FM, CW,  pulsed or square-wave modulation 
Broadband coverage 
Wide  frequency range 
High stability, high accuracy 

Use to measure: 

Receiver sensitivity 
Selectivity or rejection 
Signal-to-noise ratio 
Antenna gain 
Transmission line characteristics 

The  Models 618C and 620B SHF Signal Generators pro- 
vide versatility, accuracy, and stability in the range from 
3.8 to 11 GHz.  Thus such measurements as sensitivity, se- 
lectivity, signal-to-noise ratio, swr, and antenna gain are 
made with ease. Frequency is set on a large, direct-reading 
dial. A A F  vernier control provides ultra-fine tuning capa- 
bility. There is also a provision for remote fine tuning. 

A calibrated output from 0 to -127 dBm (0.224 volts 
to 0.1 microvolt) is also set on a large, direct-reading dial. 
The  dial is calibrated in both dBm and volts, permitting 
measurements in terms of either and eliminating any com- 
putation in converting from one to the other. In addition, 
the zero set control for the power monitor has been elim- 
inated, simplifying measurements by reducing the number 
of steps required. A second, uncalibrated output is available. 
This auxiliary output is at least 0.3 milliwatt and is inde- 
pendent of attenuator setting. Thus it can be used for phase 
locking the signal generator when crystal-oscillator stability 
is required, or it can be monitored with a frequency counter 
for extreme frequency resolution. 

Reflex klystron oscillator 

The 618C and 620B Generators both feature oscillators 
of the reflex klystron type, with external resonant cavity. 
Oscillator frequency is determined by a movable plunger 
which varies the length of the cavity. Oscillator output is 
monitored by a temperature-compensated detector circuit. 
This circuit operates virtually unaffected by ambient temper- 
ature conditions. Identical piston attenuators couple power 
to the monitor and output terminal. T h e  power monitor 
attenuator is linked to the output attenuator cursor to com- 
pensate for klystron output variation as frequency is changed. 

Broad modulation capabilities 

Modulation includes internal pulse, square-wave, and fre- 
quency modulation plus external pulse and frequency modu- 
lation. Internal pulse and square-wave repetition rates are 
continuously variable from 40 to 4000 pps, and pulse width 
is variable from 0.5 to 10 microseconds. Synchronization 
pulses are available simultaneously with the rf pulse or in 

advance of the rf pulse from 3 to 300 microseconds. The  
internal pulse and square-wave modulation can be synchro- 
nized with external sine waves or pulses of either polarity, 
or external pulses can themselves be used as the modulating 
signal. 

For internal frequency modulation, each generator has a 
sawtooth sweep variable from 40 to 4000 Hz with deviation 
adjustable up to about 5 MHz peak-to-peak. External F M  
is accomplished through one of two input connectors. T h e  
front-panel input is capacitively coupled to the repeller of 
the klystron oscillator for standard F M  applications. T h e  
rear-panel input is dc coupled to the klystron to permit phase 
locking of the oscillator. T h e  H P  2650A Oscillator Synchro- 
nizer is ideal for this purpose. 

Specifications 
output 

Frequency Range: 618C: 3,800 to 7,600 M H z  covered in a 
single band; 620B : 7 to 11 GHz  covered in a single band; 
repeller voltage automatically tracked and proper mode 
automatically selected. 

Calibration: direct reading; frequency calibration accuracy 
better than k170. 

Vernier: AF control has a minimum range of 1.5 M H z  for 
fine tuning; remote A F  connector on rear panel permits 
fine tuning with external potentiometer; tuning range 
at least 1.5 MHz with potentiometer 2 2  megohms. 

Frequency stability: with temperature: less than O.O06%/"C 
change in ambient temperature; with line voltage: less 
than 0.02% change for line voltage variation of + l o % ;  
residual FM:  6 lSC,  < 8  kHz peak-to-peak; 620B, < l o  
kHz peak-to-peak. 

Output range: 1 milliwatt or 0.224 volt to 0.1 microvolt 
( 0  dBm to -127 dBm) into 50 ohms; directly calibrated 
in microvolts and dB; coaxial type N connector. 

Output accuracy: within k 2  dB from -7 to -127 dBm, 
within t 3  dB from 0 to -7 dBm, terminated in 50-ohm 
load; temperature-compensated detector circuit monitors 
rf oscillator power level; an auxiliary, fixed-level rf out- 
put (at  least 0.3 m W )  is provided on the front panel 
for use with other equipment such as H P  2650A Os- 
cillator Synchronizer or a frequency counter. 

Source impedance: 50 ohms nominal; reflection coefficient 
less than 0.33 ( 2  swr, 9.6 dB return loss). 

Modulation 
Modulation: internal or external pulse, FM, and square wave. 
Internal pulse modulation: repetition rate variable from 40 

to 4,000 pps, pulse width variable 1/2 to 10  microseconds. 
Sync out signals: simultaneous with rf pulse, positive; in 

advance of rf pulse, positive, variable 3 to 300 microsdc- 
onds (better than 1 microsecond rise time and 25 to 100 
volts amplitude into 1,000-ohm load). 
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External synchronization: sine wave: 40 to 4,000 Hz, 5 to 
50 V  rms; pulse: 40 to 4,000 pps, 5 to 50 V peak, posi- 
tive or negative, 0.5 to 5 psec wide, 0.1 to 1 psec rise time. 

Internal square wave modulation: variable 40 to 4,000 Hz, 
controlled by “pulse rate” control. 

Internal frequency modulation: sawtooth sweep rate adjust- 
able 40 to 4,000 Hz; frequency deviation to 5 MHz peak- 
to-peak over most of the frequency range. 

External pulse modulation: pulse requirements : amplitude 
from 5 to 50 volts positive or negative, width 0.5 to 2,500 
microseconds. 

External FM: frequency deviation approximately 5 MHz peak- 
to-peak over most of the band; sensitivity approximately 
20 V / M H z  at front-panel connector, approximately 
10 V / M H z  at rear panel connector (mating connector 
supplied) ; front-panel connector is capacitively coupled 
to klystron repeller; rear-panel connector is dc coupled to 
klystron repeller and is suitable for phase-lock control 
input from HP 2650A Oscillator Synchronizer. 

General 

RFI: conducted and radiated leakage limits are below those 
specified in MIL-I-618lD.  

Power source: 115 or 230 volts * l O ’ j % ,  50 to 400 Hz, 180 
watts. 

Dimensions: cabinet: 17y2 in. wide, 13v8 in. high, 173/s 
in. deep behind panel (445 x 353 x 441 m m ) ;  rack 
mount: 19 in. wide, 133%z in. high, 17y8 in. deep behind 
panel (483 x 355 x 441 m m ) .  

Weight: net, 63 Ibs ( 2 9  k g ) ;  shipping 87 Ibs. ( 3 9  kg) .  

Accessory furnished: 11500A Cable Assembly, 6 feet (1830 
mm) of specially treated RG-214A/U 50-ohm Coax, ter- 
minated on each end by type N male connectors, $6.50. 

Price: Model 6l8C (cabinet mount) ,  $2,250. Model 618CR 
(rack mount ) ,  $2,270. Model 620B (cabinet mount ) ,  
$2,250. Model 620BR (rack mount) ,  $2,270. 
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Advantages: 

Direct-reading frequency control 
Direct-reading output control 
10 m W  output over full range 
C W ,  F M  or pulse modulation 
Internal square-wave modulation 
Broad pulsing capabilities 
Low internal swr 
High stability 
Operate to 40 GHz with H P  938, 940 Frequency 

Doubler Sets 

Use to measure: 
Receiver sensitivity 
Selectivity or rejection 
Signal-to-noise ratio 
Transmission line characteristics 

Here are two H P  signal generators which extend the meas- 
uring versatility, convenience and accuracy of HP V H F  sig- 
nal generators to 2 1  GHz.  The  626A covers frequencies 10  
to 1 5 . 5  GHz, and the 628A covers frequencies 15 to 2 1 GHz. 
In design and operation, the instruments are similar to H P  
generators for lower frequency ranges. Operation is very 
simple. Carrier frequency is set and read directly on the 
large tuning dial. No voltage adjustment is necessary dur- 
ing tuning because repeller voltage is tracked with fre- 
quency changes automatically. Oscillator output also is set 
and read directly, and no frequency correction is necessary 
throughout operating range. A frequency logging scale per- 
mits frequency to be reset within 0.1 y h .  

The  high power output of these signal gener'xtors make 
them ideally suited for driving HP 938A and 940A Fre- 
quency Doubler Sets ( 1 8  to 26.5 GHz  and 26.5 to 40 GHz 
respectively). These doubler sets retain the modulation and 
stability of the driving source and have accurate power 
monitors and attenuators. 

Versatile modulation 

Both the 626A and 628A offer internal and external 
pulse modulation, as well as internal square-wave modula- 
tion and FM. Pulse repetition rate is continuously variable 
from 40 to 4000 pps, and pulse width is variable from 0.5 
to 1 0  p e c .  Sync out signals are simultaneous with the rf 
pulse, or in advance of the rf pulse by any time span from 
3 to 300 p e c .  The  pulse generators may be synchronized 
with an external sine wave and also with positive or nega- 
tive pulse signals. 

For internal FM,  both instruments feature a sine wave 
sweep at power line frequency. Frequency deviation is vari- 
able up to 10 MHz peak-to-peak. For external FM, the 
generators have capacitive couplings to the klystron oscillator 
repeller. 

SHF SIGNAL GENERATORS 
Direct reading, high power, 10 to 21 GHz 
Models 626A, 628A 

Figure 1 shows the basic circuits of the HP signal gen- 
erators, The reflex klystron oscillator is tuned by a plunger 
driven by the direct-reading frequency dial and control. 
Repeller voltage is automatically tracked, so that correct 
operating potentials are maintained over the entire fre- 
quency range. Klystron output is introduced into a power 
monitoring meter. T h e  directional coupler provides uniform 
coupling over the entire frequency range, A rotary attenu- 
ator which follows the coupler assures high accuracy and 
stability, because the attenuation is governed by a precise 

Figure 1. Bas ic  c i r cu i t ,  HP 626A. 628A. 

mathematical law related to the angular rotation of the 
attenuator, T h e  conductivity of the attenuating film does 
not affect the attenuation; thus, the output of the generator 
is independent of humidity, temperature or the effect of 
long-term aging. The  attenuator also provides low swr over 
the complete frequency range. On both HP 626A and 6 2 8 ~ 4 ,  
the output connector is waveguide. Adapters furnished per- 
mit the instruments to be connected to WR-42, WR-62 or 
WR-90 waveguide. Thus, the generators can be employed 
with all EIA (RETMA) and J A N  guides suitable for the 
10 to 2 1  GHz  range. 

Specifications 
Frequency range: 626A, 10  to 15.5 GHz;  628A, 15 to 21 

GHz. 
Frequency calibration: dial direct reading in gigacycles; ac- 

curacy better than f 1 %. 
Output range: 10 m W  to pW (+ 10 dBm to -90 dBm, 

0 dBm=1 m W ) ;  attenuator dial directly calibrated in 
output dBm. 

Source impedance: 50 ohms nominal; reflection coefficient: 
626A, less than 0.43 (2.5 swr, 7.3 dB return loss) at 
+10 dBm, 0.15 (1.35 swr, 16.5 dB return loss) at 0 dBm 
and below; 628A, less than 0.43 (2.5 swr, 7.3 dB return 
loss) at + 1 0  dBm, 0.091 (1.2 swr, 20.8 dB return loss) 
at 0 dBm and below. 
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628A 

Output monitor accuracy: better than 1 dB; temperature- 
compensated thermistor bridge circuit monitors rf oscil- 
lator power level. 

Output connector: 626A: 0.850 x 0.475 in. waveguide, 
WR73 ,  flat cover flange; 628A: 0.590 x 0.335 in. wave- 
guide, WR51,  flat cover flange. 

Output attenuator accuracy: better than & 2 %  of attenua- 
tion in dB introduced by output attenuator. 

Leakage: less than minimum calibrated signal generator 
output. 

Modulation: internal or external pulsed, FM, or square- 
wave. 

Internal pulse modulation: repetition rate variable from 40  
to 4000 pps; pulse width variable 0.5 to 10 psec. 

Internal square-wave modulation: variable 40 to 4000 Hz 
controlled by “pulse rate” control, 

Internal frequency modulation: power line frequency, devi- 
ation up to 10 MHz p-p. 

External pulse modulation: pulse requirements: amplitude 
15 to 70 volts peak positive or negative; width 1 to 
2500 psec. 

External frequency modulation: provided by capacitive cou- 
pling to repeller of klystron; maximum deviation approxi- 
mately 10 MHz p-p. 

Sync out signals: positive 20  to 50 volts peak into 1000- 
ohm load; better than 1 p e c  rise time; ( 1 )  simultaneous 
with rf pulse, positive; ( 2 )  in advance of rf pulse, posi- 
tive, variable 3 to 300 psec. 

External synchronization: (1) sine wave, 40 to 4000 Hz, 
amplitude 5 to 50 volts rms; (2 )  pulse signals 0 to 4000 
pps, 5 to 50 volts amplitude, positive or negative; pulse 
width 0.5 to 5 psec; rise time 0.1 to 1 pet. 

Power: 115 or 230 volts *lo%, 50 to 60 Hz approx. 
200 watts. 

Dimensions: cabinet: 17’’ wide, 14” high, 15” deep (432 x 
3 5 6 x  381 m m ) ;  rack mount: 19’’ wide, 14” high, 
12-13/16” deep behind panel (483 x 356 x 313 m m ) .  

Weight: 626A,AR: net 61 lbs (28 , l  k g ) ,  shipping 76 Ibs 
(35 k g ) ;  628A,AR: net 57 Ibs (26,4 kg), shipping 72 
Ibs ( 3 3 , l  k g ) .  

Accessories furnished: 626A ( a )  MX 292B Waveguide 
Adapter, WR-75-to-WR-90 guide; (b )  M P  292B Wave- 
guide Adapter, WR-75-to-WR-62 guide; 628A (a)  NP 
292A Waveguide Adapter, WR-51-to-WR-62 guide; (b )  
NK 292A Waveguide Adapter, WR-5  1 -to-WR-42 guide. 

Accessories available: 10503A Video Cable Assembly, 
$6.50; for 626A: M362A Low-Pass Filter, $350. 

Price: H P  626A or 628A, $3400 (cabinet) ; HP 626AR or 
628AR, $3420 (rack mount) .  
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FREQUENCY DOUBLER SETS 
Generate stable signals to 40 GHz 
Models 938A, 940A 

Hewlett-Packard Model 938A and Model 940A Fre- 
quency Doubler Sets bring you low-cost signal-generation 
capability in K- and R-bands ( 1 8  to 40 GHz). Model 938A 
supplies power from 18 to 26.5 GHz when it is driven by a 
9 to 13.25 GHz source; Model 940A supplies power from 
26.5 to 40 G H z  when it is driven by a 13.25 to 20 GHz 
source. 

These frequency doubler sets consist of broadband crystal 
harmonic generators suitably mounted in a waveguide sec- 
tion, a power monitor, a broad stopband low-pass filter and 
a precision attenuator. They may be driven by klystrons, by 
signal generators, such as HP Models 6 2 6 A  and 6 2 8 A  
or by sweep oscillators such as HP Model 8690A with 
8694A,B or 8695A RF Units. 

Since Model 938A and Model 940A are broadband 
instruments, the input signal may be cw, pulsed or swept. 
Thus, the frequency doubler sets retain all the versatility of 
the driving source. 

Output monitor 
Models 938A and 940A have power monitors and pre- 

cision rotary-vane attenuators for accurately setting output 
level over a range from 0 to-100 dB. Output power 
depends on input power and is typically 0.5 to 1 m W  when 
a 626A,  628A,  or 8690A is used as a driving source. Further, 
since Models 938A and 940A contain a power monitor, 
output power is known even though an uncalibrated signal 
source is used, 

Signal generator or swept-frequency operation 
Models 938A and 940A have the same output versatility 

as the driving source. For instance, if you drive Model 
938A with Model 6 2 6 A  you may have cw output, pulse- 
modulated output with a repetition rate from 40 to 4000 
pps, square-wave modulated output with modulation fre- 
quencies from 40 to 4000 Hz, or 60 Hz (power line fre- 
quency) FM output. In addition, pulsed output may be 
synchronized with external signals or output may be ex- 
ternally pulse or frequency modulated. 

To obtain a swept-frequency output, you simply drive 
the frequency doubler set from a swept-frequency source 
such as Model 8690A with 8694A,B or 8695A RF Unit. 

938A 

Specifications 

Frequency range: 738A, 18 to 26.5 GHz, 740A, 26.5 to 40 GHz. 
Conversion loss: less than 18 dB at 10 m W  input. 
Output power: depends on input power supplied; approx. 0.5-1 

m W  when used with typical 626A, 628A Signal Generators. 
Input power required: 10 m W  design center. 
Maximum input power: 100 mW.  
Output monitor accuracy: 2 2  dB. 
Output attenuator accuracy: 1 2 7 ,  of reading or i 0 . 2  dB, 

whichever is greater. 
Attenuator range: 100 dB. 
Output reflection coefficient: approximately 0.33 ( 2  swr, 7.5 

dB return loss) at full output; less than 0.2 (1.5 swr, 14 
dB return loss) with attenuator set to 10 dB or more atten- 
uation. 

Input flange: 738A, M-band flat cover flange for WR-75 wave- 
guide; 740A, N-band flat cover flange for WR-51 waveguide. 

Output flange: 738A2, UG-595/U flat cover flange for WR-42 
waveguide (K-band) ; 740A, UG-579/U flat cover flange 
for WR-28 waveguide (R-band).  

Dimensions: cabinet: 171/4“ wide, 53/8” high, 18“ deep (487x 
137 x 457 m m ) ;  rack mount: 19” wide, 5-7/32” high, I6’/2” 
deep behind panel (483 x 133 x 419 m m ) .  

Weight: net 20 lbs (9 kg) ;  shipping 35 lbs (15,8 kg).  
Accessories available: 738A, X281A Waveguide-to-Coax 

Adapter, 8.2 to 12.4 gc, $ 2 5 ;  MX292B and MP272B Wave- 
guide-to-Waveguide Adapters, $50 and $40 respectively (1 
each furnished with 626A) ; 115044 X-band Flexible Wave- 
guide, $35;  11503A P-band Flexible Waveguide, $48; 940A, 
MP292B and NP272A Waveguide-to-Waveguide Adapters, 
$40 each (1 each furnished with 628A); l l503A P-band 
Flexible Waveguide, $48. 

Complementary equipment: 938A, 626A Signal Generator; 
8690A Sweep Oscillator with 8674A,B and 8675~4 RF Unit. 
940A, 626A and 628A Signal Generators; 8690A Sweep 
Oscillator with 8675A RF Unit. 

Price: H P  738A or H P  940A, $1700 (cabinet); H P  738AR 
or HP 740AR, $1720 (rack mount). 
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Model 

623B 

5636 

624C 

RF TEST SETS 
For testing transmitters, receivers 

Models 6 2 3 6 , 6 2 4 C ,  5636 

Frequency Frequency Output Output Power 
range meter power attenuator Internal External measurement 
(MHz) range (MHr) (dBm) range (dB) modulation modulation range (CW) 

5925-6575 or FM, pulse, 
6575-7175 or 5820-7780 0 70 FM, 1 kHz square-wave, -6 to +3 dBm 
7125-7750 (1 mW) 30 Hz to 100 kHz 

FM, pulse, 

30 Hz to 100 kHz 
7100-8500 7100-8500 15 100 FM, 1 kHz square-wave, -6 to+40 dBm 

(30 mW) 

FM, power line FM, pulse, 
8500-10,000 8500-10,000 0 100 frequency; pulse, square-wave, -6 t o S 2 8  dBm 

(1 mW) 35 to  3500 pps 35 to 3500 Hz 

623 0 

624C 

5636 

Advantages: 

Direct reading of power, frequency 

Stable accurate input, output attenuators 

Compact package for  easy portability in field 

Uses: 

Measure receiver sensitivity, selectivity 

Test transmitter tuning power level 

Each of these test instruments consists of a combina- 
tion signal generator, frequency meter and power meter and 
permits measurement of receiver sensitivity and selectivity, 
transmitter tuning and power level. Each is easy to use, fast 
and accurate. 

The  H P  model 623B SHF Test Set is an ideal one-piece 
unit for measuring receiver sensitivity or selectivity, trans- 
mitter tuning or power level. It is particularly adapted to 
testing complete communications, control, and video relay 
station equipment in the range of 5925 to 7750 MHz,  using 
any of 3 klystrons. Its klystron source can be frequency mod- 
ulated internally, or externally pulse modulated. 

From 8.5 to 10.0 GHz,  the 624 X-Band Test Set pro- 
vides a one-piece unit particularly adaptable for testing com- 
plete radar, gunfire control systems, or radio beacon equip- 
ment. It has internal frequency modulation capability to 
1 kHz and provision for a 30 Hz to 3.5 kHz pulse, FM, or 
square wave external modulation. 

Overlapping the frequency ranges of the 623B and 624C, 
the 5636 H-Band-Test Set more than covers the entire gov- 
ernment communications band. It performs the same task 
but offers greater output power and a wider power measure- 
ment range than the 623B and 624C. 

Panel 
height I Price 1 
1 

11%" $2250 
(292 mm) 1 (transit case) 1 

$2265 (cabinet) 
10%'' $2250 1 

(266 mm) (rack mount) 
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SPECTRUM GENERATOR/DOUBLER 
Versatile broadband operation 
Models 10511A, 10515A 

HP 10511A Spectrum Generator 
The Hewlett-Packard 1 0 ‘ j l l A  Spectrum Generator is a 

passive device that generates a train of 1 nanosec wide pulses 
when driven by a sinusoidal signal source. The  10511A was 
specifically designed as an accessory to the H P  5100A Fre- 
quency Synthesizer. However, it is useful with any 50-ohm 
source that can provide the proper input signal. 

Wi th  a sine wave input, in the frequency range of 10 
MHz to 75 MHz,  a spectrum of harmonics is generated. 
This spectrum contains all harmonics of the input frequency 
to the 1 GHz  region. T o  extract a desired harmonic, a 50- 
ohm bandpass filter can be cascaded with the 105 11A to give 
a sinusoidal output. T h e  H P  230A Power Amplifier ( tuned) 
may be used for higher level outputs for harmonics up to 
500 MHz.  

Operation of the 10511A with the 5100A without a 
bandpass filter on the output produces a pulse train whose 
repetition rate is precisely controlled. T h e  l 0 5 l l A ,  with a 
tuned filter, produces precise C W  frequencies between 50 
MHz and 500 MHz.  

Specifications 1051 1 A  
Input requirements 

Frequency range: 25 to 50 MHz.* 
Drive level: 1 to 3 volts RMS available to 50 ohm. 

output 
Pulse width: 1 nanosecond, I+ 15% at mid-amplitude. 
Pulse height: 0.75 volt minimum for minimum drive level. 
Impedance: 50 ohm (nominal). 
Available harmonic power: -19 dBm minimum for any 

harmonic number between 1 and 10. 

General 
Dimensions: 3 in. long, 15/s in. dia. (76  x 41 m m )  . 
Weight: net, 3 oz (85 grams).  Shipping, 1 Ib (0,45 k g ) .  
Price: $150. 

*Useful operation is obtained for input freauencies from 10 MHz to  75 MHz. 

HP 10515A Frequency Doubler 
The Hewlett-Packard Model 105 15A Frequency Doubler 

is an ideal accessory for use in extending the usable frequency 
range of signal generators, frequency synthesizers or other 
signal sources. Operating on input frequehcies of 0.5 M H z  
to 500 MHz it provides a doubled output in the range of 1 
MHz to 1 GHz.  This 50 ohm device uses a full-wave recti- 
fier circuit which is extremely flat over its entire frequency 
range, The  frequency response is very flat (< & 1 dB over 
entire range typically), and undesired harmonics are very 
well suppressed. 

The  output of this unit does not have an internal dc re- 
turn so that it will provide a very broadband ac to dc con- 
version only if not dc terminated. This mode of operation 
is useful for detection of low level amplitude modulations. 

The  10515A may be used with the following Hewlett- 
Packard instruments (this is only a partial listing) : 
5 lOOA Frequency Synthesizer 606A Signal Generator 
5 102A Frequency Synthesizer 3200A V H F  Oscillator 
5 103A Frequency Synthesizer 608 Signal Generators 

Specifications 10515A 
Frequency range: 0.5-500 MHz input; 1-1000 MHz output. 
Impedance: 50 ohm nominal (source and load) .  
Input signal voltage: 0.5 - 3.0 VRMS. 
Input signal power: 180 m w  (maximum). 
Conversion loss: * 

< 1 2  dB (typically < 11 dB) for > 1 volt 
< 1 3  dB (typically < 1 2  dB) for >0.5 volt 

Suppression of 1st and 3rd harmonic of input:* 
> 3 0  dB for 0.5 to 50 MHz input (typically > 3 5  d B ) .  
> 2 O  dB for input to 500 MHz (typically > 2 5  d B ) .  

Connectors: input: BNC male; output: BNC female. 
Dimensions: diameter: 0.7” (18  m m ) ;  length: 2.5” (64  

mm) . 
Weight: approximately 2 oz (56 grams). 
Price: $120. 

*With a 50 ohm resistive load and a single input frequency. Suppression values 
are referred to the desired output  level.  
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FM-AM SIGNAL GENERATOR 
FM, AM, CW and pulse coverage 54 to 216 MHz 

Model 202H 

The H P  202H FM-AM Signal Generator covers the fre- 
quency range from 54 to 216 MHz and is designed for the 
testing and calibration of FM receiving systems in the areas 
of broadcast FM, vhf, tv, mobile and general communica- 

tions. The  generator consists of a three-stage rf unit, together 
with a modulating oscillator and power supply, all housed 
in a single cabinet which may be readily adapted for rack 
mounting. 

Specifications 
Radio frequency characteristics 

RF range: total range: 54 to 216 MHz;  number bands: 2 ;  

RF accuracy (after 1 hour warm-up): main dial: 2 0 . 5 7 ~ ;  

RF stability: < 0.01 % per hour (after two hour warm-up). 
RF output: range: 0.1 ,,.V to 0.2 V (across external 50- 

ohm load at panel jack); accuracy: *lo%, 0.1 pV to 
50 K pV; t 2 0 7 0 ,  50 K FV to 0.2 volts; Auto level set: 
holds rf monitor meter to “red line” over band. 

band ranges: 54 to 108 MHz 108 to 216 MHz.  

electronic vernier: + (10% + 1 kHz)  . 

Impedance: 50 ohms. 
VSWR: <1.2.  
Spurious output: All spurious rf output voltages are at 

RF leakage: sufficiently low to permit measurements at 
least 30 dB below desired fundamental. 

0.1 pv. 
Amplitude modulation characteristics 

AM range: internal: 0 to 50%; external: 0 to 100%. 
AM accuracy: k1070 of reading at 400 Hz at 30% and 

AM calibration: 30, 50, 100%. 
AM distortion: < 5 %  at 30%, <8% at 50%, < 2 0 %  at 

AM fidelity: + 1 dB, 30 Hz  to 200 k H t .  
External AM requirements: approximately 60 volts rms 

50% AM. 

90%. 

into 500 ohms for 100% AM. 
Frequency modulation characteristics 

FM deviation range: internal or external, 0 to 250 kHz in 

FM deviation accuracy: t 5 %  of full-scale (for 400 Hz 
4 ranges. 

sine wave). 

FM calibration: 0 to 7.5 kHz in increments of 0.5 kHz, 0 to 
25 kHz in increments of 1 kHz, 0 to 75 kHz in incre- 
ments of 5 k H t ,  0 to 250  kHz in increments of 10 kHz. 

FM distortion (at 400 Hz mod. freq.): <0.5% at 75 kHz 
(100 M H z ) ,  < I %  at 75 kHz (54  to 216 M H z ) ,  
<107~ at 250 kHz (54  to 216 M H z ) .  

FM fidelity: t l  dB, 5 Hz to 200 kHz. 
Signal-to-noise ratio: > 5 0  dB below 10 kHz (31 .6  Hz 

External FM requirements: < 3  volts rms into 2 K ohms 

DC FM input: permits control of output frequency over a 

peak deviation), 

for 250 kHz deviation. 

limited range with an external dc voltage. 
Pulse modulation characteristics 

PM source: external, P M  rise time: 5 0 . 6  psec. 
PM decay time: <0.8 p e c .  

OSC frequency: 50 Hz, 400 Hz, 1000 Hz, 3000 Hz,  7.5 

OSC accuracy: ~ 5 % .  
OSC distortion (at F M  terminals) : < 0 . 5 7 ~ ,  50 Hz to 1 5  

Modulating oscillator characteristics 

kHz, 10 kHz, 1 5  kHz, 67 kHz. 

kHz;  < 1 . 0 % ,  67 kHz. 
Physical characteristics 

x 260 x 467 mm). 
Dimensions: 16%” wide, 10%” high, 183/” deep (425 

Weight: net 45 Ibs (20,3 kg), shipping 60 lbs (27  k g ) .  
Power: 105 to 1 2 5  or 210 to 250 V, 50 to 400 Hz, 100 W. 
Accessory furnished: 00502B Patching Cable. 
Price: HP 202H, $1475. 
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TELEMETER TEST GENERATOR 
FM, AM, CW and pulse coverage, 195 to 270 MHz 
Model 2025 

The HP 202 J Telemetering Signal Generator covers 
the frequency range from 195 to 270 MHz and is de- 
signed for the testing and calibration of FM telemetering 
receiving systems in the 215  to 260 MHz band. 

The generator consists of a three-stage rf unit, together 
with a modulating oscillator and power supply, all housed in 
a single cabinet which may be readily adapted for rack 
mounting. 

Specifications 
Radio frequency characteristics 

RF range: 195 to 270 MHz. 
RF accuracy: main dial: &0 .5%;  electronic vernier: t 

RF stability: <0.02% per hour, after two-hour warm-up. 
RF output: range: 0.1 p V  to 0.2 V (across external 50- 

ohm load at panel jack); accuracy: &lo%,  0.1 pV to 
50 k pV; -t-20%, 50 k pV to 0.2 V; auto level set: 
holds rf monitor meter to “red line” over band; im- 
pedance: 50 o h m ;  vswr: <1 .2 ;  spurious output: all 
spurious rf output voltages are at least 2 5  dB below 
desired fundamental. 

RF leakage: sufficiently low to permit measurements at 

(1  0% + 1 kHz) after one-hour warm-up. 

0.1 pv. 
Amplitude modulation characteristics 

AM range: internal, 0 to 50%; external, 0 to 100%. 
AM accuracy: *loo/, of reading at 400 Hz at 30% and 

AM calibration: 30, 50, 1 0 0 ~ o .  
AM distortion: < 5 %  at 30%, <8% at 50%, < 2 0 %  at 

AM fidelity: k 1  dB, 30 Hz to 200 kHz. 
External AM requirements: approximately 50 volts rms 

into 7500 ohms for 100% AM. 
Frequency modulation characteristics 

FM deviation range: internal, 0 to 300 kHz in 4 ranges; ex- 
ternal, 0 to 300 kHz in 4 ranges. 

FM deviation accuracy: -+5% of full scale (indication 
proportional to p-p modulating waveform at 400 Hz) . 

50%. 

90%. 

FM calibration: 0 to 1 5  kHz in increments of 0.5 kHz, 0 
to 30 kHz in increments of 1 kHz, 0 to 150 kHz in in- 
crements of 5 kHz, 0 to 300 kHz in increments of 
10 kHz. 

FM non-linearity: <1 .5% at 150 kHz, < 5 %  at 300 kHz; 
(“least squares” departure from straight line passing 
through origin.) 

FM fidelity: k 1  dB, 5 Hz to 500 kHz; t 3  dB, 3 Hz to 
1 MHz. 

Spurious FM: total rms spurious FM from 60 Hz power 
source is at least 60 dB below 150 kHz (<I50 H z ) .  

External FM requirements: < i  volt rms into 100 k ohms 
in parallel with less than 50 p F  for 150 kHz deviation. 

Pulse modulation characteristics: PM source: external. 
PM rise time: <0.25 p e c .  
PM fall time: <0.8 p e c .  

OSC frequency: 50 Hz, 400 Hz, 1700 Hz, 3900 Hz, 10.5 

OSC accuracy: *5%, 
OSC distortion: <0.5%. 

Modulation oscillator characteristics 

kHz, 30 kHz, 70 kHz, 100 kHz. 

Accessory furnished: 00502B Patching Cable. 
Physical characteristics 

Dimensions: 16%” wide, 10%’’ high, 183/” deep (425 x 

Weight: net 45 Ibs (20,3 kg); shipping 60 lbs (27  kg). 
Power: 105 to 125  or 210 to 250 V, 50 to 400 Hz, 100 W. 
Price: H P  2021, $1595. 

260 x 467 m m ) .  



355 

The  HP 207H Univerter, a frequency converter with 
unity gain, is designed for use with HP 202H FM-AM 
Signal Generator (page 353) and the 202J Telemeter- 
ing Signal Generator (page 354) to provide additional fre- 
quency coverage from 100 kHz to 55  MHz, including com- 
monly used intermediate frequencies. 

The  univerter consists essentially of a semi-fixed fre- 
quency, 200 MHz heterodyne oscillator, a wideband ampli- 
fier and a self-contained regulated power supply. In opera- 
tion, the internal heterodyne oscillator beats with the output 
signal of the 202H (199.9 to 145 MHz)  or 202J (200.1 to 
255  M H z ) ,  and the difference frequency is passed through 
the wideband amplifier to the output system. 

The  output frequency of the univerter is easily de- 
termined by subtracting 200 MHz from the frequency dial 
reading of the 202J or subtracting the 202H frequency dial 

mental frequency control, calibrated in 5 kHz increments 
provides continuous control over a t 3 0 0  kHz range. Ex- 
ternal adjustments are provided for setting the overall gain 
of the instrument to unity and for adjusting the center fre- 
quency of the local oscillator to zero beat with the 200 MHz 
dial calibration of the 202H or 202J. 

To use the univerter, it is only necessary to connect the 
rf output of the associated 202H or 202J Signal Generator 
to the input of the univerter; three separate outputs are pro- 
vided. The  X I  output provides unity gain, under the control 
of the signal generator attenuator, and is suited for most 
general-purpose applications. The XO.01 output attenuates 
the input signal level, as well as the random noise power 
output, 40 dB, and is specifically provided for receiver meas- 
urements in the low microvolt region, An uncalibrated, high- 
level output provides a minimum of one volt into a 300- 

reading from 200-MHz.  In addition, a front-panel incre- ohm load, with 0.1 volt input. 

Specifications 
(when used with 202H and 202J Signal Generators) 

Radio frequency characteristics 
RF range: 100 kHz to 5 5  MHz (with 199.9 to 145 MHz input 

from 202H, with 200.1 to 2 5 5  MHz input from 202J). 
RF calibration: incremental range, 2 3 0 0  kHz; incremental 

calibration, increments of 5 kHz; incremental accuracy, 
?(355 1 1 kHz).  

RF stability: short-term, <0.00i7c+ ( 5  minutes) ; long term, 
<0.005%f ( 1  hour) ; line voltage <400 Hz/V. 

RF output 
Range: ( A )  1 ,uV to 0.1 V" ( X I ) ;  (B)  0.01 PV to 1 mV" 

(XO.01); (C)  > 1  V"", high output. 
Accuracy: ( A )  reproduces output of 202H or 202J 

dB; i B )  reproduces output of 202H or 202J i 2  dB. 
Impedance: ( A )  50 ohms nominal: ( B )  50 ohms nom- 

inal; (C)  300 ohms nominal. 
Spurious output: all spurious output voltages are better 

than 2 5  dB: below desired output; spurious output of 
2O7H alone consists of random noise and 200 MHz local 
oscillator; at XO.01 output, noise power essentially 
equivalent to 50-ohm resistor at room temperature. 

Range: duplicates FM and AM modulation of 202H or 202J. 
Modulation characteristics 

Distortion: FM, no appreciable distortion; AM, no appre- 

Accessories furnished: 00524A Patching Cable; high-output 

Accessories available: 00501B Output Cable, $15.50; 00502B 
Patching Cable, $6.50; 00506B Patching Cable, $6.50; 00514B 
Output Cable, '$15.50. 

Physical characteristics 
Mounting: cabinet for bench use; readily adaptable for 19" 

rack mounting. 
Finish: gray panel; blue cabinet (other finishes available on 

special order). 
Dimensions: 16%" wide, 5-33/64" high, 18%" deep (425 x 

140 x 467 mm).  
Weight: net 18 Ibs (8,l kg) ; shipping 30 Ibs (13,5 kg).  

Power: 105 to 125 V or 210 to 250 V, 50 to 1000 Hz, 5 0  W. 
Price: 207H, $595. 

ciable distortion for input levels <0.05 v. 

Plug. 

+after one.hour warm-up. 
'across external 50.0hm load a t  panel jack. 

*'with 0.1 V input and 300.0hm output load. 
t f o r  input levels ~0.05 volts. 
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-10 to -17 dBm 

The  H P  8925A DME/ATC Test Set is specifically de- 
signed for the testing and calibration of DME (Distance 
Measuring Equipment) and ATC (Air  Traffic Control) 
transponder aircraft equipment. The  test set is completely 
self-contained (except for video modulators) and consists 
of a continuously tuneable signal generator, direct-reading 
frequency counter, solid-state modulator, frequency meter, 
peak power measuring system and all necessary circuitry for 
interconnection to the radio set under test, 

The  basic test signal is generated by a Hewlett-Packard 
HOl-8614A Signal Generator, which covers the range 962 
to 1213 MHz.  The  test frequency is indicated approximately 
on the front-panel dial of the signal generator and is simul- 
taneously monitored and indicated on a solid-state H P  5245L 
Electronic Counter, employing a 5 2  54A Frequency Con- 
verter. Frequency may be set to within 50 kHz with the nf 
control on the HOl-8614A. The  rf output of the signal gen- 
erator is automatically leveled, eliminating the need to ad- 
just the output level as frequency is varied, and the output 
attenuator is calibrated to read out directly the applied sig- 
nal level to the radio under test over the range from -10 
to -100 dBm. 

The  CW output of the signal generator is modulated by a 
Hewlett-Packard H01-8403A Modulator employing P I N  
diodes as modulator elements, Pulsed video test signals 
simulating DME/ATC ground emission are fed to the mod- 
ulator from either an external Collins Radio 578D-1 D M E  
Bench Test Set modified for Gaussian pulse output or 578x- 
1 ATC Transponder Test Set. The  modulator also incorpo- 
rates complete provisions for side-lobe suppression measure- 
ments, in that the second pulse of a train of two or three 
pulses may be varied over the range +1 to -10 dB from 
the first pulse with a calibrated front-panel control. T A C A N  
bearing information also may be simulated, employing an 
external audio frequency source. 

The  modulated rf output is fed into an H P  13505A 
Isolator-Monitor, which performs three separate functions. 
Isolation is provided for the high-power transmitter output 
of the radio set under test by a microwave circulator, pro- 
tecting the signal generator and modulator. Auxiliary cali- 
brated rf outputs are provided for operation of the frequency 
meter and peak power measuring system. A diode and a 
linear heterodyne monitor are provided for viewing the 
pulsed rf test signals on an external oscilloscope such as the 
H P  180A (pages 454, 4 5 5 ) .  Switching from the normal 
operating mode to the monitoring mode is simply accom- 
plished by operating a front-panel control which activates 
an internal electrically-operated coaxial switch, A transmitter 
interlock is provided via rear terminals for de-energizing the 
DME/ATC transmitter when the test set load is removed 
from the antenna of the radio set under test. 

An H P  8905A Wavemeter provides direct measurement 
to i O . 5  MHz  of the ATC reply frequency over the range 
from 1070 to 1110 M H t .  Response of the self-powered 
transmission-type wavemeter is directly indicated on a front- 
panel meter. 

+0.7 to 1.2 dB $1.1 to 1.6 dB 

An HP 8900B Peak Power Calibrator provides complete 
facilities for measuring the peak power output of D M E  
and ATC transmitters over the range from 10 to 2000 
watts. In operation, an external oscilloscope is connected to 
the video output, the front-panel controls are adjusted by 
observing the oscilloscope display, and the peak power is 
read directly on the panel meter. T h e  calibrator also incor- 
porates a wideband detector for viewing transmitter wave- 
forms on an external oscilloscope, This output also provides 
a reply signal for  D M E  distance measurements. T h e  individ- 
ual modules are mounted in an enclosed rack cabinet which 
includes a master power distribution system and forced air 
cooling. All necessary interconnecting cables are included. 

Specifications 
Radio frequency characteristics 

RF range: 962 to 1213 MHz. 
RF accuracy: determined by ability to set to desired read- 

RF settability: better than 100 kHz. 
RF stability: temperature, approx. 0.005% per degree C; 

line voltage, <0,003% (*lo% line voltage change). 
RF output 

Range: - 10 to - 100 dBm across external 50-ohm load 

Accuracy: 

ing on counter. 

at output jack. 

-17 dBm 

I Attenuator ATC DME 
setting I (1015 to 1045 MHz) I (962 to 1213 MHz) 

1.0.6 dB * 1  dB 

=t (0.8 + 0.06 +(1.2 + 0.06 I per 10 dB) dB I per 10 dB) dB -17 to  -100 dBm I 
Leveled output: (fixed atten. position) ATC, i 0 . 2  dB; 

Impedance: 50 ohms. 
VSWR: <1 .35 :1 .  

DME, i 0 . 6  dB. 

Pulse modulation characteristics 

PM source: simulation of D M E / A T C  ground emission as 
provided by Collins 5 7 8 x - 1  and 578D-1 (modified for 
Gaussian pulse) Test Sets. 

PM rise time: ATC, >50 nsec and < l o 0  nsec; DME,  
controlled by pulse source to meet “Pulse Shape” Spec., 
Sect. G ,  Appendix A, RTCA 167-59/DO-99. 

PM fall time: ATC, > 50 nsec and < 200 nsec; DME,  con- 
trolled by pulse source to meet “Pulse Shape” Spec., 
Sect. G, Appendix A, RTCA 167-59/DO-99. 

PM overshoot: ATC, < 5 % ;  DME, not meaningful. 
Side-lobe suppression: the second pulse of a train of 2 

(or  3 )  pulses may be varied + 1 to - 10 dB from the 
first pulse when its leading edge is 2 2  psec from the 
first pulse leading edge; (see RTCA 181-61/DO-112, 
Appendix A, T-6,  Steps 1, 2, 3, 4 ,  9,  1 0 ) ;  calibrated 
SLS control accurate to i o . 5  dB. 
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Simulated bearing input: audio frequency input to BNC 
jack under T A C A N  button will simulate bearing mod- 
ulation to a depth of 5570 max. (3.8 dB above pulse 
t ips).  

Power measurement characteristics 

RF range: 962 to 1213 MHz.  
RF power range: l oo  to 2000 watts peak (ARINC units); 

10 to 200/100 to 2000 watts peak (Gen. Aviation & 
ARINC units) available as factory modification with 
accessory attenuator. 

RF power accuracy: +1.2 dB ( t 0 . 6  dB from calibration 
curve). 

Frequency measurement characteristics 
RF range: 1070 to 1110 MHz.  
RF accuracy: k 0 . 5  MHz;  direct meter indication for peak 

power 250 to 1000 watts at  25OC; video output for 
external scope indication for input peak power down to 
approx. 10 watts. 

Monitor characteristics 
Signal generator monitor (Monitor-Sig Gen), heterodyne 

monitor (Het Mon): 

Frequency range: 1018 to 1032 MHz ( for  beatingoscil- 

Output level: 0.5 volts peak minimum at -10 dBm rf 

Load impedance: 150 ohms nominal. 
Bandwidth: 9 M H z  nominal (equivalent low-pass band- 

Linearity: 1 0 . 5  dB( -10  to -20 dBm rf level), 

Frequency range : 962 to 12 13  MHz.  
Output level: 0.1 Vpeak min. at - 10 dBm rf level. 
Low-pass bandwidth: 5 MHz nominal, 

lator 1025 1 M H z ) .  

level (at I F  center frequency), 

width 4 M H z )  . 

Diode monitor (Diode Mon): 

Transmitter Monitor (Monitor-Xmtr) 
Output level: approx. 0.2 V peak for 200 watts peak 

input (100 to 2000 watts peak power range); 20 
watts peak input (10  to 200 watts peak power range). 

Load impedance: 150 ohms nominal. 
Bandwidth: 10 MHz nominal. 
Linearity: t l  dBfor  200 to 2000/20 to 200 watts peak 

input. 
Transmitter interlock : terminals are provided for de-en- 

ergizing the transmitter when the system internal 
load is removed from the transmitter antenna. 

Instrument complement: H P  H01-8614A Signal Generator, 
H P  H01-8403A Modulator, H P  5245L Electronic 
Counter, H P  5 2 5 4 3  Frequency Converter, H P  13505A 
Isolator-Monitor, H P  8900B Peak Power Calibrator, HP 
8905A Wavemeter. 

Accessories available: H P  180A Oscilloscope. 

Physical characteristics 

Mounting: enclosed rack mounting complete with forced- 

Finish: gray (other finishes available on special o rder ) ,  
Dimensions: 23” wide, 32%” high, 26” deep (584 x 819 

Weight: net 285 Ibs (129,3 k g ) ;  shipping 335 Ibs (150,8 

Power: 105 to 125 or 210 to 250 volts, 50 to 60 H t ,  400 
watts; a master circuit breaker/switch controls power to 
the complete rack. 

air cooling. 

x 660 m m ) ,  

kg ) .  

Price: H P  8925A, $12,090. 
Options (specify by option number) : 

01 Less 5245L/5254A Counter, $8315. 
02 Less cabinet, $11,500. 
03 Dual power range (10  to 200/100 to 2000 watts), 

add $100. 
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21 1 A  Signal Generator 
The HP 211A Crystal-Monitored Signal Generator is spe- 

cifically designed for the testing and calibrating of aircraft 
VOR and ILS localizer radio receiving equipment operating 
within the frequency range from 88 to 140 MHz. It also may 
be used for laboratory and development work where a pre- 
cision-type amplitude-modulated rf signal source is required. 

232A Signal Generator 
The FAA Instrument Landing System for aircraft in- 

cludes a glide slope receiver for indicating the proper rate 
of descent. The H P  232A Glide Slope Signal Generator 
was designed for use in testing and calibrating these glide 
slope receivers. 

Specifications, 21 1 A  
Radio frequency characteristics 

RF range: master oscillator: 88 to 140 MHz in one range; 
crystal oscillator: 110.1 and 114.9 MHz. 

RF output: range: 0.1 pV to 0.2 volt (across external 50- 
ohm load) ; impedance: 50 ohms; spurious output: all 
spurious rf output voltages are better than 40 dB be- 
low desired output. 

Amplitude modulation characteristics: AM range, 0 to 10070 

Physical characteristics 
in two ranges. 

Dimensions: 211A and 211AP1 (Power Supply) : 191/2” 
wide, l O l / , ”  high, 9y2” deep (495 x 267 x 241 m m ) .  

Weight: net 63  Ibs (28,4 kg) ; shipping 86  lbs (38,7 kg) .  
Power: 105 to 125 volts, 50 to 60 Hz, 150 watts. 
Price: H P  211A, 211AP1, $2190. 

SIGNAL GENERATORS 
Test and Calibrate aircraft VOR and ILS 
Models 21 1 A, 232A 

Specifications, 232A 
Radio frequency characteristics 

RF range: (A)  329.3 to 335 MHt in increments of 0.3 
MHz; (B)  20.7 MHz; other frequencies between 1 5  
and 30 MHz available on special order. 

RF accuracy: &0.0065% (crystal controlled). 
RF output: range: 1 pV to 0.2 V (across external 50-ohm 

load) ; accuracy: t 10% approximately; impedance: 
50 ohms. 

RF leakage: sufficiently low to permit measurement at 
1 pv. 

Amplitude modulation characteristics 
Am range: internal: 0 to 100% in two ranges; external: 0 

AM calibration: increments of 2%,  0 to 50%; increments 

Demodulated output: available at front-panel posts through 

to 100% in two ranges. 

of l o % ,  0 to 100%. 

2 p F  capacitor. 
Modulating oscillator characteristics 

OSC frequency: ( A )  1000 Hz; (B)  90  to 150 Hz in the 
following tone ratios: 0 dB, t 0 . 5  dB, t 1  dB, +-2 
dB, k 3 . 3  dB, t infinite dB (calibrate). 

Physical characteristics 
Dimensions: 207/8” wide, 10l/,” high, 1 2 ”  deep (511  x 

Weight: net 64 lbs (28,8 k g ) ;  shipping 75 Ibs (33,8 k g ) .  
267 x 305 m m ) .  

Power: 105 to 125 volts, 60 t l  Hz, 150 watts. 
Price: H P  232A, $2375. 

2 3 2 A  

2 1 1 A  
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SIGNAL SOURCES RF SWEEPER WITH =F 
OCTAVE-BAND PLUG-INS 

Wideband RF and microwave 
sweepers 

Swept-frequency measurement tech- 
niques first became feasible when de- 
pendable means of sweeping the RF 
sources were developed. The original 
mechanically swept sources (usually 
klystrons) later gave way to electronic- 
ally tuned backward-wave oscillators 
which brought. added sophistication to 
swept measurements. Hewlett-Packard's 
extensive use of swept-frequency testing 
has not only resulted in major improve- 
ments in measurement techniques, but 
also has provided the experience that has 
led to development of the H P  8690 Series 
Sweep Oscillators. 

These instruments cover the frequency 
range 100 kHz to 110 MHz and 1 to 40 
GHz. They provide calibrated broad and 
narrow sweeps, and markers which am- 
plitude-modulate the RFmay be used on 
either. The markers also may be used 
as end points of a second broadband 
sweep. Manual sweep reduces X - Y  re- 
corder set-up time, and push-buttons 
greatly simplify operation. The RF out- 
put frequency may be swept slowly 
enough for presentation on an X - Y  re- 
corder or fast enough for no-flicker 
presentation on an oscilloscope. 

The 8690 Series sweep oscillators have 
been designed to incorporate plug-in RF 
units enabling the operator to change 
frequency bands quickly. This eliminates 
the need for duplicate equipment to cover 
each RF or microwave band. The 8690A 
Main-frame provides two independent 
broad-band sweeps, start-stop, marker 
sweep, and one precision narrow band 
sweep, a calibrator Af  sweep. Included 
is internal square-wave modulation with 
a range of 950 to 1,050 Hz plus external 
AM and FM. External FM permits fre- 
quency-programming, including exter- 
nally controlled sweeps over the whole 
range or any part of it. 

The H P  8698A low-frequency RF unit 
covering 100 kHt to 110 MHz contains 
a transistorized frequency comparator- 
type voltage-tuned oscillator covering a 
three-decade frequency range. This in- 
strument is a swept signal generator con- 
taining an output attenuator and offer- 
ing leveled power output across its entire 

frequency range. Calibrated power out- 
put ( + l o  dBm to -110 dBm),  very 
low residual FM and excellent frequency 
accuracy and setability place the 8690A 
in the signal-generator performance 
class; it will fill a number of signal gen- 
erator applications when used on a C W  
basis. The 8698A RF Unit extends the 
calibrated sweep capability previously 
associated only with microwave sweepers 
into the RF range. Its excellent frequency 
accuracy and linearity provide calibrated 
sweep displays, eliminating the need for 
markers to determine frequency at either 
intermediate or end points in the sweep 
display. 

Models 8691A/B-8697A RF Units con- 
tain voltage tuned backward wave tubes 
covering the frequency range 1 to 40 
GHz. RF units in the 1 to 12.4 GHz 
range can be provided with P I N  diode 
attenuators which permit all of the am- 
plitude modulation functions, including 
leveling, to be performed independently 
of the backward-wave tube. The result 
is virtual elimination of frequency pull- 
ing, which, in turn, results in extremely 
high frequency accuracy and linearity 
and very low incidental FM. 

For applications requiring sweeper op- 
eration in several frequency bands, the 
Model 8706A RF Control Unit may be 
inserted in the 8690A Sweep Oscillator 
Mainframe to program up to three 
8707A RF unit Holders, containing three 
RF units each. Any one of nine RF units 
may then be swept on a preselected basis 
at the touch of a button on the 8706A 
control panel or by remote contact 
closure. 

8690 
SWEEP 

OSCILLATOR 

LEVELED 

DIRECTIONAL 

Leveled output from 
sweep oscillators 

The development of closed-loop feed- 
back systems for leveling sweep oscilla- 
tor output power has greatly expanded 
the practical scope of swept-frequency 
measurements. The basic closed-loop sys- 
tem is shown in Figure 1. 

The H P  8690 Series Sweep Oscillators 
contain a leveling amplifier for auto- 
matic level control (ALC) ; the power 
variation that occurs at the system output 
is primarily determined by coupler and 
detector variation. Leveling can be ac- 
complished with either a crystal detector 
or thermistor mount/power meter as the 
detector. For coaxial systems, Hewlett- 
Packard has developed the 780 Series 
Directional Detectors (page 274) which 
consist of a high directivity, flat direc- 
tional coupler combined with a high sen- 
sitivity, flat-response crystal detector. 
System flatness of better than &0.3 dB 
over octave bandwidths is typical, using 
Hewlett-Packard directional detectors. 
For power meter leveling in coax, H P  
790 Series Flat Directional Couplers 
(page 274) can be used in conjunction 
with the H P  478A Coax Thermistor 
Mount and 431C Power Meter (page 
378). Power meter leveling allows set- 
ting of known absolute power levels, and 
the 431c's range switch can serve as a 
very accurate attenuation control. 

To level output power in waveguide 
systems, H P  752  Series Waveguide Di- 
rectional Couplers (page 276) and 424A 
Series Waveguide Crystal Detectors 
(page 273) are used. With better than 
40 dB directivity, 752 Series Couplers in 
leveled systems provided good equivalent 
jource match - nominally 1.02 swr. 
Waveguide couplers will typically ex- 

PORT 2 - DETECTOR 
TERM. 

INPUT I I PORT I - LEVELED 
75PC/D (10 OR 20db 1 OUTPUT 

Figure 1. Basic closed-loop leveling system. 
rigure z. "UaCK-IO-DaCK" waveguiae coupler 

arrangement for extremely flat output. 
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hibit i 0 . 5  dB coupling variation over 
the band. In conventional reflection or 
transmission measurement systems em- 
ploying two couplers, this variation of 
coupling with frequency is of little con- 
sequence because both couplers demon- 
strate the same coupling characteristics; 
hence, the variations with frequency ef- 
fectively cancel. Where a greater degree 
of leveling is needed in waveguide, a 
pair of 752 couplers are connected “back- 
to-back” as in Figure 2. In this config- 
uration the insertion loss of the 3 dB 
coupler (752A) follows a curve directly 
opposite to the coupling curve of the 
mainline 752c or D coupler. The result- 
ing power relationship between port 1 
and port 2 is flat to better than k 0 . 2  dB 
over full waveguide bands. 

Swept frequency systems 
Reflectometer systems 

Probably the major usage of sweep 
oscillators is in reflectometer systems for 
broadband measurement of reflection 
and transmission characteristics. Level- 
ing the signal source brings new latitude 
of readout to the user, for measurement 
results can be read directly rather than 
on a ratio basis. Sophisticated instrumen- 
tation systems employing the principles 
of reflectometry such as the new HP 
8410A Phase-gain Parameter Measure. 
ment system described on page 244,  rely 
upon the 8690A Series Swept Oscillators 
for frequency accuracy and operational 
simplicity. 

8690 
SWEEP 

OSCl LLATOR 
HP TWT LEVELED I 

OUTPUT 

1 -  I 
Figure 3. The E15-8690A system generates 
high-level (750 mW), f lat  output power. The 
pad between the sweep oscillator and the 
TWT amplifier is used to keep the signal level 
into the amplifier below that which would 
saturate the TWT. 

Higher power systems 

T y p i c a 1 backward - w a ve os c i 11 a t  o r s 
supply leveled power outputs in the 

milliwatt region. Applications such as 
RFI-susceptibility tests and high attenu- 
ation swept measurements often require 
750 m W  outputs. The El5-8690 system 
shown in the block diagram in Figure 
3 will provide better than 750 m W  from 
1 to 12.4 GHz. 

Special calibration systems 

Leveled systems have also been de- 
signed to level on the net forward power 
applied to a device, permitting the ex- 
amination, for example, of the efficiency 
and calibration factor of coaxial and 
waveguide devices. The E31-8690 Power 
Calibration System series which employs 
this principle is described on page 380. 

Swept frequency display devices 

Especially useful is the new H P  1416A 
plug-in for the 14OA and 141A Oscillo- 
scopes (page 426). Designed expressly 
for use in leveled reflectometer systems 
using square-law detectors, the 1416A 
provides an accurate 30 dB of dynamic 
range when used with HP 423A and 
424A Series Crystal Detectors. It also 
provides excellent resolution; sensitivity 
of .5 dB/cm permits close examination 
of results. The 1416A is particularly ef- 
fective with the l41A variable persis- 
tence oscilloscope as a readout device for 
the swept slotted line measurement sys- 
tem described on page 2 5 5 .  

Swept sta bilized systems 

Applications such as Microwave Spec- 
troscopy and high-Q swept-frequency 
cavity measurements have brought about 
the need for phase-locked fixed- or 
swept-frequency operation of the 8690 
Series Sweep Oscillators. The K02- and 
K03-8690 Sweep Oscillator Stabilization 
Systems have been developed to fulfill 
this need. 

Application h’ote 65 covering the use 
and accuracy of Swept Frequency Tech- 
niques for attenuation, impedance, pow- 
er, and frequency calibration measure- 
ment provides an up-to-date compen- 
dium of the latest developments in 
Microwave swept measurements. This 
Note may be ohtained from any Hewlett- 
Packard field office at no charge. 

Economical, low frequency sweeper 
The H P  3211A, with its Marker Plug- 

in unit and choice of six frequency plug- 
in units, is a low-cost, versatile, high- 
performance sweep oscillator ideally 
suited for use in the design, calibration, 
and alignment of FM tuners and receiv- 
ers, and the general testing of IF sections 
of T V  receivers, radar and communica- 
tion systems, and other video to VHF 
circuits. Its high output ( > . 7  V rms) 
and accurate 59-dB attenuator make the 
instrument a valuable tool for the testing 
of both high and low-gain circuits under 
variable signal conditions. 

The 100 kHz to 110 MHz frequency 
range of the 3211A is covered by five 
RF plug-in units with overlapping oc- 
tave ranges, operating at the fundamen- 
tal frequency, and a video range hetero- 
dyne plug-in unit. These plug-in units 
are designed for quick and easy chang- 
ing. 

The Marker Plug-in unit accepts up 
to eight different, crystal-controlled 
marker oscillator plug-in boards. These 
internal markers may be individually 
turned on or off by means of front panel 
switches, making identification easy on 
the oscilloscope display. The test signal 
display may be set up to provide positive 
or negative vertical markers, or intensity 
modulated markers. Intensity modulated 
(Z-axis) markers provide well-defined 
frequency identification, without dis- 
torting the display waveshape.The Mark- 
er Plug-in unit also has provision for 
connection of additional external mark- 
ers from a C W  or marker generator 
source. 

A birdie by-pass marker system trans- 
forms the markers into video pulses and 
applies these pulses to the detected re- 
sponse of the test circuit, eliminating 
marker distortion, and preventing the 
response of the test circuit from being 
affected by the marker system. Front 
panel controls are provided for the ad- 
justment of marker sensitivity and band- 
width. 

Sweep width of the 321114 is continu- 
ously adjustable to 100% of all plug-in 
unit ranges. The sweep rate is continu- 
ously adjustable over the range of 10 to 
100 Hz, with provisions for a single, 
variable, 1 to 10-second sweep compati- 
ble with X - Y  recording requirements. 
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HP Model 
3211A 
3212A 

SWEEP OSCILLATOR 
Low- cost, solid- state, plug-in versatility 

Model 3211A 

Description Price 
Sweep Oscillator $750 # 
RF Plug-in $225 

Advantages: 
RF and marker plug-ins 
Individual on-off marker switches 
Continuous or single sweep with variable rate 
Continuous sweep width adjustment 
Width and level controls to optimize marker display 

The H P  3211A Sweep Oscillator, with its 3221A Marker 
Plug-in unit and choice of six frequency plug-in units, is a low- 
cost, versatile, high-performance sweep oscillator ideally suited 
for use in the design, calibration, and alignment of FM tuners 
and receivers, and the general testing of IF sections of T V  
receivers, radar and communication systems, and other video 
to VHF circuits. Its high output ( > . 7  V rms) and accurate 
59-dB attenuator make the instrument a valuable tool for the 
testing of both high and low-gain circuits under variable signal 
conditions. 

Specifications 
(With Plug-in Units Installed) 

RF range: 100 kHz to 110 MHz, with six plug-in units 

RF plug-in units available 
I RF Ranae I HP Model I 

3213A-3217A I RF Plug-ins 

RF output: 
Level: >.7  V rms into 50-ohm load, >1.4 V rms open circuit. 
Flatness: 20.5 dB across 50-ohm load over specified range 

Impedance: 50-ohms, 1.2 to 1 VSWR. 
Attenuation: 0 to 59 dB in 1 and 10-dB steps. Electrical 

Attenuator accuracy: k . 2 5  dB for 1-dB steps, f . 5  dB for 

Spurious output: 30 dB below output level, except for 3212A 

Residual FM: <*.005% of center frequency except for 

of each plug-in unit. 

vernier provides level adjust between 1-dB steps. 

10-dB steps, non-cumulative. 

plug-in unit which is 25 dB below output level. 

3212A plug-in unit which is < & 5  kHt.  

$150 ea. 

Sweep characteristics: 
Width: continuously adjustable to 100% of plug-in unit 

range. 
Linearity: *I% over any 2 5 %  segment of plug-in unit 

range, t3% over any 30% segment of plug-in unit range, 
t 5 Y ,  over any 7 5 %  segment of plug-in unit range, *IO% 
over full range of any plug-in unit; except for 3212A 
plug-in unit which has a linearity of 1.2 to 1. 

Rate: variable; repetitive sweep 10 to 100 Hz; single sweep 
1 to 10 sec. Line lock provided. 

Blanking: switch selects RF blanking or unblanking during 
retrace; marker blanking on retrace at all times. 

Vertica I channel: 

V rms. 
Detector: internal 50 ohms or external maximum input < 2  

Output: .4 V for 1 V input. 

Output: 0 to 1 5  V peak-to-peak triangular. 

Internal: H P  3221A marker plug-in unit accepts up to 8 
Model 1351 1A crystal-controlled marker oscillators. Spec- 
i fy  crystal frequencies desired. 

Type: birdie by-pass; beat note detected and used to generate 

Horizontal channel: 

Marker characteristics: 

high-level marker pulse. 
Accuracy: .005% for 13511A markers. 
External: front panel BNC input to H P  3221A accepts 

marker input from C W  source or marker generator; input 
requirements .25  to .5 V rms into 50 ohms. 

Display: front panel control and switch permit addition of 
marker pulse to either the vertical channel output or 2 
axis modulation of scope with 0 to 2 2 0  V pulse. 

Dimensions: 16%” wide, 51/2” high, 18%” deep (426 x 140 

Weight: net 30 lbs (13,5 kg),  shipping: 40 Ibs (18,2 kg) .  
Power: 105 to 125  V or 210 to 250 V, 50 to 1000 Hz, 20 W. 
Price: 

x 5 5 2  m m ) .  

13511A Marker Osc. Boards I $ 40 ea. 
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Interchangeable RF and Control Units 

8698A 8691: 4A/B 8695-7A 8706A 
LOW FR EQ U ENCY COAXIAL BANDS WAVEGUIDE BANDS CONTROL UNIT 

h 

SWEEP OSCILLATOR 
Superior performance, operation and versatility 
Series 8690  

Model 8698A: 100 kHz to 110 MHz 
This RF Unit is a low-frequency swept signal generator that 

brings 8690A microwave sweeper sophistication, precision and 
operating features into the RF region. The unit features a 
calibrated 1% accuracy frequency display, 0.5 % linearity, and 
100 m W  leveled output, calibrated from + l o  dBm to -110 
dBm. Minimum residual FM and excellent stability enable low 
frequency C W  signal generator applications to be accurately 
satisfied. The highly accurate calibrated display establishes 
measurement confidence. Crystal calibrator marker pips are 
not required. One narrowband and two broadband continuously 
adjustable and calibrated sweeps with automatic, triggered or 
manual control are available. The unit offers complete modu- 
lation capabilities including internal square wave, and external 
AM and FM. See page 366. 

Model 8691-4A/B: 1 to 12.4 GHz 
Coaxial microwave frequencies from 1 to 12.4 GHz are 

covered by the 8691-4A/B RF Units. “B” models are PIN 
diode-attenuator modulated and maintain excellent frequency 
accuracy and stability to satisfy the most stringent amplitude 
modulation requirements. The “A” models contain grid modu- 
lated BWO’s. PIN diode-attenuator modulation eliminates fre- 
quency pulling during AM, which results in extremely high 
frequency accuracy, linearity and very low residual FM. Option 
01 internal leveling is available on all RF units covering 1 to 
12.4 GHz except the 8691B and the 8692B. Models are avail- 

able on special order to cover every frequency range for which 
there is a BWO. See page 363. 

Models 8695-7A: 12.4 to 4 0  GHz 
The P, K, and R waveguide bands are covered by the Models 

8694A, 86964 and 8697A respectively. The units contain grid 
modulated BWO’s and have a frequency range and linearity 
of +1% over a 6 dB power range. Output power variation 
with external leveling is k0 .2  dB. See page 363. 

Model 8706A Control Unit 
The 8706A Control Unit, with the Model 8707A RF Unit 

Holder allows microwave and RF wideband testing to be per- 
formed without interchanging RF Units. The 8706A Control 
Unit immediately switches between RF Units contained in up 
to three Model 8707A RF UnitHolders. Each RF Unit Holder 
is the same size as the 8690A Sweep Oscillator and accepts 
three RF Units. Thus, up to nine RF Units can be selected by 
simply pressing a button. Switching time is less than 1 second 
and no adjustments are required. A normalized scale, reading 
from 0 to 100 is used for all RF Unit frequency ranges. The 
complete microwave spectrum from 1 to 40 GHz plus the 
RF band of 100 kHt  to 110 MHz is at your fingertips. Preset 
start and stop sweep frequencies for each RF unit can be set 
on the front panel of the Model 87074 RF Unit Holder. This 
creates a preset mode of operation in which the 86904 Sweep 
Oscillator can provide a third broad or narrowband sweep. 
Price: H P  8706A Control Unit, $225. H P  8707A RF Unit 

Holder, $700. 
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Flexibility and economy 

IT’S A SNAP-The snap-in scale that accompanies each RF 
unit illustrates the ease of obtaining wide frequency cover- 
age. R F  units that preserve integral sweeper performance 
can be changed in seconds without adjustment. T h e  RF units 
are easily secured in place from the rear with a single locking 
handle. A wide selection of RF units, including special 
models to cover every frequency range for which there is a 
BWO, assures you of the most flexible RF-microwave sweep 
oscillator: at the lowest possible cost. 

Series 8690 sweep oscillators 
The Hewlett-Packard 8690A Sweep Oscillator and 8690A/B 

Series RF Units offer you all the advantages of single unit 
sweep oscillators plus economical multiband capability. The 
8698A RF Unit sweeps the range of 100 kHz to 110 MHz with 
outstanding frequency accuracy and linearity. Complete cover- 
age from 1 to 40 GHz is available with RF units featuring a 
choice of P I N  diode modulation (“B” models), grid modulated 
B W O  units (“A” models), and optional internal leveling. RF 
units can be changed quickly and without adjustment. Snap-in 
scales are keyed for easy changing and accurate positioning. 
The full width maximum resolution scale and a human engi- 
neered layout of the front panel controls allow simple, uncom- 
plicated operation. Ease of operation is enhanced by pushbutton 
function selection, lighted function indicators adjacent to the 
scale, presentation of all frequency information which may be 
read at a glance, and simplified X-Y recorder setup through 
the use of manual sweep control. Highly accurate, calibrated 
frequency displays, broad and narrowband sweeps, external 
FM for frequency sweep programming, C W  operation, 
automatic triggered or manual sweep control plus leveling in 
all modes of operation combine to give you unequaled per- 
formance and versatility in a space saving package design. 
In addition, the Model 8706A Control Unit, which plugs into 
the sweep oscillator like an RF unit, permits immediate band 
switching between up to nine selected RF units contained in 
up to three Model 8707A RF Unit Holders (see page 367). 

RF units 
Four types of RF units are available, permitting selection to 

meet any application requirement: the Model 8698A low fre- 
quency signal generator; the Models 8691-4A/B featuring PIN 
modulation or grid modulated BWO’s and covering the coaxial 
frequencies from 1 to 12.4 GHz; and the Models 8695-7A for 
waveguide coverage of the P, K, and R bands. 

The Model 8698A RF unit covers two frequency ranges, 
selected by front panel switch: 100 kHz to 11 MHz and 1 to 
110 MHz. The unit features a frequency discriminator feedback 
circuit to obtain extremely low residual FM, excellent fre: 
quency accuracy and linearity. The Model 8691-4B RF Units, 
covering 1 to 12.4 GHz feature P I N  diode attenuators which 
permit all of the amplitude modulation functions including 
leveling, to be performed independently of the backward wave 
oscillator tube ( B W O ) .  The result is a virtual elimination of 
frequency pulling, enabling excellent frequency accuracy and 
linearity, low incidental PM, permitting a wide variety of mod- 
ulation conditions over a 10 dB dynamic range. The “A” type 
model RF Units use grid modulated BWO’s for AM and level- 
ing functions. The grid modulated B W O  RF Units are available 
in seven models. Models 8691-4A have 50 ohm output with type 
N connectors; the Models 8695-7A have P, K, and R band 
waveguide flange outputs respectively. All Model 8692-7AJB 
Units have shielded BWO’s and meet the RFI measurement 
test standards specified in MIL-I-6181D. 

Sweep functions and monitors 
Two independent frequency markers, set separately on the 

“start-stop” sweep whose end points can be set anywhere in 
the band. Independent controls set the start and stop frequen- 
cies on the scale. Thus, the set frequency range can be swept 
up or down, depending only on the setting of the start fre- 
quency with respect to the stop frequency. 

Two independent frequency markers, set separately on the 
scale and direct reading in GHz, can be positioned anywhere 
in the band. The markers amplitude modulate the RF output, 
providing triangular markers sharp enough to give high resolu- 
tion on narrow sweeps, yet broad enough to be quite visible 
on the widest sweeps. Marker amplitude can be adjusted from 
the front panel. The markers can be used as end points for a 
second broadband sweep which starts at the Marker 1 fre- 
quency and stops at the Marker 2 frequency. The marker sweep 
is especially advantageous. Extensive Hewlett-Packard design 
experience using swept-frequency techniques has proven that 
valuable time can be saved by bracketing circuit discontinuities 
with the markers. By pressing the marker sweep button, ex- 
panded investigation of the frequency range of interest is im- 
mediately available. Thus, the two independently adjustable 
broadband sweeps can be set for study of either broad or 
narrowband frequency ranges. Besides sweeping from a start 
frequency to a stop frequency, the 8690 provides a continuously‘ 
calibrated narrow band sweep, the A F  sweep, which is sym- 
metrical about a center frequency. Calibrated directly in MHz, 
the A F  sweep width is continuously adjustable from 0 to 10% 
of the band. Frequency markers can be applied to the A F  as 
well as the start-stop sweep. 

Sweep modes 
Automatic, triggered and manual sweeps are available, in 

addition to C W  operation. Automatic and triggered sweep times 
are adjustable from 0.01 to 100 seconds, and the triggered 
sweeps can be synchronized from an external source or started 
manually from a front panel pushbutton. To enhance the clarity 
of oscilloscope presentations, RF power is blanked during re- 
trace to produce a zero base line; however RF is restored before 
the start of the next sweep to eliminate transients during the 
early part of the sweep. Oscilloscope photography at slow 
sweeps is simplified by a front panel sweep indicator that lights 
automatically during the sweep. For X - Y  recording, an auto- 
matic pen lift circuit is provided. The circuit drops the pen dur- 
ing the stabilizing period prior to the sweep and lifts the pen 
during the second stabilizing period which occurs at the end of 
the sweep just before retrace. Thus, transients and retrace lines 
are eliminated from X - Y  plots. During manual sweep, a front 
panel control varies the RF frequency between the limits set on 
the selected sweep function. With the use of manual sweep, 
X-Y recorder setup time is just a few seconds. 
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Leveling 
Leveling minimizes the variations in RF ou tpu t  ampli tude 

wi th  frequency. T h e  8690's are  designed for external,  closed 
loop leveling. Th i s  is accomplished by driving the  built- in level- 
ing amplifier with a signal derived by sampling RF ou tpu t  
power wi th  a directional coupler a n d  detector or thermistor 
m o u n t  combination. T h e  amplified signal is applied to  the 
modulat ing circuits in the RF Uni t  t o  maintain a constant 
power a t  t he  ou tpu t  of the  directional coupler.  External level- 
ing eliminates the frequency dependent  transmission character-  
istics of any  components between the oscillator and  sampling 
point  a n d  also virtually eliminates source mismatch.  T h u s ,  
leveled power can be established a t  any  point  in the system even 
though  i t  is remote f rom the  source.  T h e  degree of leveling is 
pr imari ly  determined by the coupler a n d  detector variation. 

Internal  leveling is available as  Option 01 o n  al l  gr id  modu-  
lated BWO RF Units  below 12.4 GHz, Models 8691-4A, and  
on PIN diode at tenuator  modulated RF Uni t s  above 4 GHz, 
Models  8693-4B. Internally leveled RF Units  are  useful i n  less 
critical applications in which transmission variations between 
oscillator and  test point a r e  not  significant or when a package 
free of external elements is desired.  

Modulation 
All modulat ion functions a re  selected by pushbut ton,  a n d  

can be used simultaneously.  Included is internal square wave  
modulat ion,  950 t o  1050 Ht, p lus  external AM a n d  F M .  
External  FM permits frequency programming,  including ex- 
ternally controlled sweeps over a l l  or any  pa r t  of the band .  

The Model K01-8690A Cali- 
brator facilitates S690A Sweep 
Oscillator calibration and trouble- 
shooting. The unit plugs into the 
8690A like an RF Unit. All cir- 
cuit points sampled during the 
calibration procedure are pre- 
sented on front-panel BNC con- 
nectors. The unit switches in 
standard calibrating circuits, equiv- 
alent to those in the RF Units, to 
ensure interchangeability of all 
8690 Series RF Units in the 
S690A Sweep Oscillator. 

Spec if ica t ions, 8690A Sweep Osc i I lator 
(with RF Unit installed) 

Sweep functions 
Start-stop sweep: sweeps from "start" tn "stop" frequency set- 

ting. 

Range: both settings continuously and independently adjustable 
over the entire frequency range; can be set to sweep either up 
or down in frequency. 

End-point accuracy: same as RF Unit frequency accuracy. 

Marker sweep: sweeps from "Marker 1" to "Marker 2" frequency 
setting. 

Range: both settings continuously and independently adjustable 
over the entire frequency range; can be set to sweep either up 
or down in frequency. 

End-point accuracy: same as RF Unit frequency accuracy. 

AF sweep: sweeps upward in frequency, centered on CW setting. 

Width: continuously adjustable from zero to 10% of the frequency 
band; calibrated directly in MHz.  

Width accuracy: * 10% of A F  being swept 1% of maximum 
A F  ( *20% 2 2% respectively with 8691AIB RF Units) .  

Center-frequency accuracy: same as RF Unit frequency accu- 

Frequency markers: two frequency markers, independently adjust- 
able over the entire frequency range, amplitude modulate the RF 
output; amplitude is adjustable from the front panel; the markers 
are also available for external use. 

Accuracy: same as RF Unit frequency accuracy. 

Resolution: better than 0.05% of RF Unit bandwidth. 

Marker output: triangular pulse, typically -5 V peak into 1000 

CW operation: single-frequency RF output selected by STARTJCW 
or MARKER 1 control, depending on sweep function selected. 

Accuracy: same as RF Unit frequency accuracy. 

racy. 

ohm load. 

Preset frequencies: start-stop sweep end points and marker fre- 
quencies can be used as four preset C W  frequencies. 

Sweep mode 
Auto: sweep recurs automatically. 

Manual: front-panel control provides continuous manual adjust- 
ment of frequency between end frequencies set in any of the 
above sweep functions. 

Triggered: sweep is actuated by front-panel pushbutton or by 
externally applied signal <-25 V peak, > I  psec pulse width, 
and >O.l V h e c  rise. 

Sweep time: continuously adjustable in four decade ranges, 0.01 
to 100 seconds; can be synchronized with the power line frequency. 

Sweep indicator: front-panel indicator lights during the sweep 
provides indication of sweep duration on slower sweep times. 

Sweep output: direct-coupled sawtooth, zero to approximately f 15 
V, concurrent with swept RF output; zero at start of sweep, ap- 
proximately + 1 5  V at end of sweep regardless of sweep width 
or direction; source impedance, 10,000 ohms. 

Frequency linearity:* same as RF Unit frequency accuracy. 

Blanking: RF automatically turned off during retrace, turned on 
after completion of retrace; on automatic sweeps, RF is on long 
enough before sweep starts to  stabilize external circuits and 
equipment whose response is compatible with the selected sweep 
rate; blanking disable switch provided; blanking automatically 
disabled for power meter leveling. 

Blanking output: direct-coupled rectangular pulse approximately 
-4 V coincident with RF blanking; source impedance approxi- 
mately 3000 ohms. 

Pen lift for use with X - Y  graphic recorders; penlift terminals 

Power leveling amplifier: internal dc-coupled leveling amplifier 

*Correlation between frequency and both the sweep and reference output. 

shorted during sweep, open during retrace. 

provided. 
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Crystal input: approximately -20 to -350 mV for specified 
leveling at rated output; for use with negative-polarity de- 
tectors such as 780 Series Directional Detectors, 4 2 3 A  and 424 
Series Crystal Detectors. 

Power meter input: 1000 ohm input resistance and amplifier 
characters matched to recorder output characteristics of 43 1 
Power Meters. 

Modulation 
Internal AM: square wave modulation continuously adjustable 

from 950 to 1050 Hz on all sweep times; on/off ratio greater 
than 20 dB at rated output. 

Frequency response: dc to 350 kHz unleveled, dc to 50 kHz 

Sensitivity: -10 V reduced RF level output at least 30 dB 

Input impedance: approximately 1000 ohms. 

Frequency response: dc to 20 kHz. 
Sensitivity: deviation from C W  setting approximately 6% of 

the frequency band per volt. 
Maximum range: full band for modulation frequencies up 

to 150Hz(approximately 17 V pp input),  decreases to about 
1% of the band for 20 kHz modulation. 

External AM 

leveled. 

below rated C W  output. 

External FM 

Input impedance: approximately 1000 ohms. 
General 

Power: 115 or 230 volts 50 to 60 Hz; approximately 
350 watts. 

Dimensions: 16%" wide, 9" high, 18%" deep ( 4 2 6  x 229 x 
467 m m ) ;  hardware furnished for rack mount, 19" wide, 
8-23/32" high, 16%" deep behind panel ( 4 8 3  x 221 x 416 
mrn).  

Weight (not including RF Unit): net, 53 Ibs ( 2 3 , 9  k g ) ;  ship- 
ping, 7 1  Ibs ( 3 2  k g ) .  

Furnished: 7 y 2  foot ( 2 2 9 0  mm) power cable with NEMA plug; 
rack mounting kit. 

H P  K01-8690A Calibrator (page 3 6 4 ) ,  $280. 
H P  8706A Control Unit (pages 362, 3 6 3 ) ,  $ 2 2 5 .  
H P  8707A RF Unit Holder (pages 362, 3 6 3 ) ,  $700 

Available: 

Price: H P  8690A,  $1,550. 

External leveling accessories available 
Directional detectors: 780 Series (pages 274, 2 7 5 ) ,  1 to 12.4 

GH2, $300 to $350. 
Directional couplers: coaxial: 790 Series (pages 274, 2 7 5 ) ,  1 to 

8 GHz,  $200 to $225; waveguide: 752 Series (page 2 7 6 ) ,  2.6 
to 40 GHz,  $ 1 2 5  to $500. 

Crystal detectors: coaxial: 4 2 3 A  (page 2 7 3 ) ,  10 MHz to 12.4 
GHz,  $ 1 2 5 ;  waveguide: 4 2 4 A  Series (page 2 7 3 ) ,  2.6 to 18 GHz, 
$ 1 3 5  to $250 and 4 2 2 A  (page 2 7 3 ) ,  18 to 40 GHz,  $250. 

Power meter: 413C (pages 378, 3 7 9 ) ,  $475. 
Thermistor mounts: coaxial: 4 i 8 A  (page 3 7 9 ) ,  10 MHz to 10 GHz, 

$155; waveguide: 486.4 Series (page 3 7 9 ) ,  2.6 to 40 GHz, $145 
to $375. 

HP Model 

8691A 

8691 8 

8692A 

86928 

H01-86926 

8693A 

86936 

H01-86938 

8694A 

H01-8694P 

H02-8694A 

86948 

H01-86946 

H02-8694E 
I 

*Exclud 
iFreque 

RF unit specifications, series 8690 

coupler and detector variation. 
y accuracy specified over 26 dB range. 

*Excluding coupler and detector variation 
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NOW!. . . SATISFY LOW FREQUENCY CW AND SWEEP SIGNAL GENERATOR DESIGN AND 
TEST APPLICATIONS. . . IF STRIPS - RF COMPONENTS - VIDEO AND OPERATIONAL 
AMPLI FIERS- RADIO AND TELEVISION CIRCUITS - FILTER PARAMETERS. 

Description 
The iModel 8698A RF Unit for the Model 8690A Sweep 

Oscillator is a low frequency sweep signal generator, It cov- 
ers the frequency range from 100 kHz to 110 MHz in two 
ranges on a calibrated 11% accuracy frequency display. All 
of the performance features designed into the 8690.4 Sweep 
Oscillator for microwave use are retained with the 8698A 
RF Sweep Signal Generator. 

The  all solid-state Model 8698A RF Unit makes an out- 
standing low frequency contribution for several reasons: 

Sweep linearity is exceptionally good, departing less 
than i0.5'7 from a straight-line function, and frequency 
accuracy is flG/C. Residual F M  is very low, less than 150 
Hz (low range) and 500 Hz (high range).  The  user is thus 
able to define the roll-off characteristics of amplifiers and 
filters accurately. 

Output power is calibrated from +lo to -110 dBm 
with vernier adjustment between steps. Calibrated power 
makes it easier to define gain and loss in networks and am- 
plifiers. 

Maximum output is $20 dBm into a 50 ohm load. 
Output power at this level enables noise-free iiieasLirements 
on networks with high attenuation. 

A built-in leveling circuit holds the output flat within 
k 0 . 2 5  dB throughout the maximum sweep width (100 

MHz) and flat within 2 0 . 1  dB over any 10 MHz portion 
of the band. This assures accuracy in measuring amplifier 
and network frequency response. 

Operat ion 

Besides the greater precision and higher accuracy that this 
RF unit brings into the radio frequency range, there are also 
operating features of special import. Start and stop sweep 
points are continuously adjustable and calibrated over the full 
range, and the instrument sweeps up  or down in frequency. 
Two continuously adjustable markers identify the frequen- 
cies of any part of the sweep and can also serve as the end 
points of another sweep, This marker sweep can be used to 
expand a small portion of a broadband sweep enabling res- 
olution of displayed discontinuities. A A F  sweep function 
sweeps o l w  a calibrated frequency range symmetrically on 
either side of a selected center frequency, 

Design 

The accuracy and linearity of the Model 8698A Sweep 
has never before been approached by a sweep oscillator in 
this frequency range. T o  achieve this, a frequency compara- 
tor technique uses a pulse count discriminator in a frequency- 
controlling feedback loop. This discriminator generates a 
voltage proportional to the frequency output of the RF Unit. 
This volt.ige is compared to the linear tuning voltage ramp 
reference furnished by the 8690A Sweep Oscillator. The  
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voltage comparison results in tuning voltage compensation 
applied to a voltage-tuned-oscillator ( V T O )  to ensure an 
accurate and linear swept frequency output with time. This 
technique also substantially reduces residual FM. T h e  out- 
put frequency will track an externally applied control volt- 
age faithfully at any deviation rate up to 2 kHz and up to 
the full 110 MHz frequency deviation range. 

T h e  8698A start-stop type sweep, frequency accuracy and 
linearity eliminate the need for crystal markers to identify 
sweep width or points intermediate in the sweep. Frequency 
settability of i 1 %, low residual FM, and calibrated power 
output permit the 8 6 9 8 ~ 4  to satisfy many RF  signal genera- 
tor C W  applications. 

Two auxiliary outputs, the auxiliary RF  output and the 
VTO output allow a frequency counter to supplement the 

frequency display and provide a second RF output 
for applications requiring external mixing techniques. 

T h e  Model 8698A low frequency sweeper has been de- 
signed on a modular building block basis. This enables easy 
removal of individual operating units for immediate servic- 
ing and checking. Cast aluminum block housings minimize 

radiated leakage. Test points on the exterior of each 
modular unit allow easy trouble-shooting to quickly isolate 
a circuit failure to a basic functional circuit. The  Model 
10402A Extension Cable, available as an accessory, permits 
the 8698A to be easily serviced while it is operating outside 
of the 8690A Sweep Oscillator. 

RF Unit 
Specifications, 8698A 

Frequency range: 0.1 to 11 MHz or 1 to 110 MHz selected 
by front panel switch. 

Frequency accuracy: 0.1 to 11 MHz,  ~ 1 %  or + l o  kHz, 
or t l O O  whichever is greater; 1 to 110 MHz,  

kHz, whichever is greater. 

Linearity: f 0.5 yo, 

Residual FM: 0.1 to 11 MHz,  < l 5 0  Hz, peak; 1 to 110 
MHz,  <500 Hz, peak. 

Frequency stability 

With temperature: 0.1 to 11 MHz,  tO .Ol%/OC or t 2 0 0  
Hz/"C,  whichever is greater; 1 to 110 M H z ,  
t o . o l % / O C  or 2 2  kHz/"C,  whichever is greater. 

With 10% line voltage change: 0.1 to 11 MHz,  2 5  kHz;  
1 to 110 MHz,  t 5 0  kHz. 

Spurious signals: non-harmonics at least 40 dB below C W  
output; harmonics at least 35 dB below + 10 dBm C W  
output from 300 kHz to 110 MHz;  at least 25 dB below 
+ 10 dBm C W  output from 100 kHz to 300 kHz. 

Power output: +2O dBm (2.23 V rms) to -110 dBm ad- 
justable in 10 dB steps; 10 dB vernier permits continuous 
adjustment between steps. 
Accuracy: t 0 . 5  dB plus attenuator accuracy (VERNIER 

in "CAL" position). 
Attenuator accuracy: fl dB to 70 dB attenuation; *2 

dB to 120 dB attenuation. 

Flatness: 0.1 to 11 MHz,  f0.1 dB; 1 to 110 MHz,  2 0 . 2 5  
dB ( f O . 1  dB over any 10 MHz bandwidth).. 

Output impedance: 5 0 ~ .  

Auxiliary outputs 

Sweep reference: approximately 1 V/MHz,  0.1 to 11 
MHz range; approximately lV/lOMHz,  1 to 110 M H z  
range. 

Auxiliary RF output: C W  signal corresponding to front 
panel output at least - 1 5  dBm; harmonic distortion at 
least 25  dB below C W  output. 

VTO output: 200 to 310 MHz;  C W  output level at least 
- 10dBm;harmonicdistortion 2 5  dB below C W  output. 

Modulation 

Internal square wave: 1 kHz rate. 
External AM: bandwidth 5 kHz. 
External FM: linearity *0.5%; maximum rate (any devi- 

ation) 2 kH2; maximum deviation 110 M H t .  

Price: H P  8698A, $950. 

Accessories available: 

H P  10402A Extension Cable for external operation of 

H P  8471A RF Detector; 100 kHz to 1 G H z ;  50 ohm; for 

Model 8698A RF Unit, $36. 

use with Model 8698A RF Unit; $40. 



EXTEND USEFULNESS, CAPABl LIT1 ES, 
OF OTHER EQUIPMENT 

I 

MIXERS, MODULATORS, 
ATTENUATORS 

Attenuators 
Attenuators are important tools in the 

design and testing of electronic compo- 
nents and equipment. They perform a 
wide variety of functions, particularly 
in the RF and microwave frequency 
ranges. For example, fixed attenuators 
are often used to improve the source 
match of signal sources and thereby re- 
duce the level of the re-reflected signal. 
Reduction of this signal is important in 
measurements requiring high accuracy. 

Variable or step attmuators can be 
used to reduce the power outputof signal 
sources as well as improve source match. 
The power range of the H P  8690A Sweep 
Oscillator (see Signal Sources) can be 
reduced from 10 to 70 dB in this man- 
ner. 

Extension of the range of power me- 
ters and prevention of overload and burn- 
out of sensitive detectors are additional 
attenuator applications. Another is the 
use of precision variable attenuators in 
the RF substitution method of measuring 
transmission and reflection characteris- 
tics. In this method the attenuator is used 
to keep the signal level at the detector the 
same for both the calibration of the sys- 
tem and the actual measurement. The un- 
certainty of the power response of the 
detector, generally four to five times the 
attenuator uncertainty, is thereby elimi- 
nated as a factor in measurement accu- 
racy. 

Hewle t t -Packa rd  manufac tu res  a 
broad line of attenuators for use in both 
coaxial and waveguide systems. New to 
the line is a series of fixed coaxial pads, 
Models 8491A, 8491B, and 8492A. Based 
on the development of thin film tech- 
nology at  Hewlett-Packard, these pads 
operate over the extremely wide fre- 
quency range of dc to 12.4 GHz (8491A) 
and dc to 18 GHz(8491B, 8492A). At- 
tenuation accuracy is high over the entire 
frequency range as shown in Figure 1. 
(The data for this figure are based on a 
sample of 60 8491A 10-dB pads.) Model 

~ 
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Figure  1. Typ ica l  a t t e n u a t i o n  accu racy  of 
HP 8491A O p t i o n  10 10.dB pad.  

354A, a coaxial turret attenuator, is 
another which makes use of thin films. 
Operating from dc to 12.4 GHz, the 354A 
provides up to GO dB of attenuation in 
10-dB steps. These and the other at- 
tenuators produced by Hewlett-Packard 
are described in detail on pages 372, 373, 
and 374. 

Modulators 
Sinusoidal and complex modulation of 

microwave signals is possible with the 
H P  8730 Series P IN Modulators. The’ 
series covers the coaxial range from 0.8 to 
12.4 GHz in four overlapping bands in 
addition to X-band in waveguide. Utiliz- 
ing P IN diodes, the modulators present 
a good match and virtually eliminate fre- 
quency pulling. 

Physically, the P IN modulator com- 
prises a number of PIN diodes mounted 
as shunt elements across a transmission 
line. Since P IN diodes have appreciable 
storage time, they do not rectify at sig. 
nal frequencies above 100 MHz. Hoar- 
ever, when a dc forward bias is applied, 
the diodes conduct, and their resistance 
goes down. Thus, the diodes act as low- 
reactance, variable resistors shunting the 
transmission line. Their resistance, and 
the degree of attenuation of an rf signal, 
are functions of the modulating current. 

New modulation techniques are pos- 
sible with the H P  modulators, since they 
may be connected in series for compound 
modulation, such as amplitude modula- 
tion of rf pulses. 

Two models of P IN modulators are 
available within each band: one which 
provides at least 3 5  dB of attenuation 
range, and one which provides at least 
80 dB. 

The 35 dB version is especially useful 
as the control element in a closed-loop 
system for microwave power leveling. 
Conventional amplitu4e modulation also 
can be accomplished. The 80 dB modu- 
lators provide high on/off ratios for criti- 
cal pulse-modulation applications. The 
modulators are capable of achieving 
pulse rise and fall times of typically 30 
nanoseconds. The H P  Model 8403A 
Modulator provides complete control of 
the P IN modulators, supplying the ap- 
propriate modulation wave shapes and 
bias levels for fast rise times, rated on! 
off ratios and amplitude modulation. 

Double balanced mixer 
The Hewlett-Packard Double Balanced 

Mixer, Model 10514A, is a versatile de- 
vice of broadband (200 kHz to 500 
M H t )  application that can serve as a 

mixer, modulator, attenuator, or phase 
detector. This exceptional versatility in 
a unit that measures 2.3 x 0.6 x 1.7 inches 
is made possible by circuitry that takes 
full advantage of specially developed 
transformers and specially selected hot 
carrier diodes produced by H P  Asso- 
ciates. A truly low noise device, the 
l0514A has a 7 dB maximum noise figure 
to 50 MHz and a 9 dB maximum noise 
figure to 500 MHz. 

One of the ports of the mixer is 
coupled to dc, allowing its efficient opera- 
tion as a low-noise phase detector, as an 
amplitude or pulse modulator, and as a 
current-controlled attenuator. 

Figure 2 shows the circuit diagram of 
the 10514~4, with ports marked “L”, “R”, 
and “X”. This circuit is commonly 
known as a double-balanced or ring 
modulator. 

Figure  2. Schemat i c  d i a g r a m  

For mixing, with rf input signals at L 
and R, the output at X contains the sum 
and difference frequencies. For phase de- 
tecting and doubling, L and R are at the 
same frequency; their sum is twice the 
input, their difference is dc; and the de- 
sired output can be selected by a high- 
pass, low-pass or bandpass filter at X .  

When the mixer is to serve as a cur- 
rent-controlled at tenuator ,  balanced 
modulator, or amplitude or pulse modu- 
lator, the control or modulating signal is 
connected at  X and the output taken 
from R. With a dc current applied at X, 
output at R is attenuated in an amount 
inversely proportional to applied current. 
With an rf signal at L and a modulating 
signal at X,  the output a t  R is the rf fre- 
quency plus and minus the modulating 
frequency; the carrier is suppressed as in 
a balanced modulator. Amplitude and 
pulse modulation are combinations of the 
effects already described. 

This versatile mixer fills many needs 
that formerly could be satisfied only by 
a narrow band specially-built laboratory 
device. 

A new generation of mixers is presently 
being developed and will be available in 
early 1967. Models will include printed 
circuit devices, and will operate over 
several frequency ranges. Consult Hew- 
lett-Packard for further information. 
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Advantages: 
Wide-band, low-noise performance that compares favor- 

ably with narrow-band mixers of limited usefulness 
Excellent balance at all ports 
Flat response 
Low insertion loss 
Low intermodulation products 
Rugged, environmentally type-tested 

As a mixer  for extracting the sum or difference of two 
frequencies as in a receiver tuned voltmeter or wave 
analyzer. High degree of carrier suppression greatly 
reduces filter requirements in single sideband systems. 

As a freqtlency doiibler for very flat-response, low-noise 
frequency doubling. 

As a suppressed carrier modula tor  with 45 dB typical 
carrier rejection at hF. 

As a pulse  modu la tor  or s p e c t r i m  generator with precise 
turn-on and turn-off characteristics. 

As a current-controlled dt tenuator  where the level of a 
signal (a t  the mixer “L” port) is to be attenuated 
linearly with respect to a dc current (at the “X” port) ; 
a dc current change from 10 microamperes to 10 milli- 
amperes causes signal attenuation from 48 dB to 3 dB, 
respectively (typical) ; insertion loss and harmonics 
are low; linear range is 30 dB. 

As a phase  detector with low-noise and dc coupling that 
permit phase or frequency stability measurement on 
the most stable, high-quality signal sources and quartz 
crystals. 

Uses: 

Specifications 
Input/output frequencies: “L” and “R” ports: 200 kHz to 500 

Maximum input: 40 mA (damage level). 
Impedance: designed for and spec’d in 50 $2 system. 
Mixer conversion loss: (single sideband) : 

range and f s  from dc to 50 MHz. 

range and f s  from dc to 500 MHz. 

MHz; “X” port: dc to 500 MHz. 

( A )  7 dB max. for f,  and f R  in the 500 kHz to 50 MHz 

( B )  9 dB max. for fI. and f R  in the 200 kHz to 500 MHz 

Noise performance (single sideband) : 

fs min. frequency of 50 kHz. 

fs min. frequency of 50 kHz. 

tions of ( A )  or ( B )  except fs at 10 cycles. 

7 dB max. noise figure for conditions of ( A )  above except 

9 dB max. noise figure for conditions of ( B )  above except 

volts per root cycle max. expected at output for condi- 

Mixer balance: 

I As in (A) I As in (6) I I 
4 0 d B  ‘ fL a t  R with fL reference 

f L  at X with fL reference 
fR at L with fR reference 
fR at X with fR reference 
fx  a t  L wi th  fx reference 
fx  at R with f x  reference 25 

Typical conversion compression: by f R  alone; 0.3 dB for 1 m W  
level. By f R ?  signal presence interfering with f R 1  signal: 1 dB 
for f R ?  level of 1 m W ;  10 dB for f R 2  level of 10 m w .  

Intermodulation: typical intermodulation product production 
with fr. level of 5 m M  and f R  at 70 mV: 

Typical pulse modulator performance (pulse input at “X,” 
output at “ R ” ) :  
Rise or fall times: < 1 nanosecond. 
Pulse width: no restriction. 
On-off ratio: 35 dB. 
Saturation pulse amplitude: 10 mA with fr. z 5 rnW. 
Maximum input: 40 mA (damage level). 
Modulation source: either + or - polarity turns switch on. 

Linearity: output is linear over a 30 dB input current range 
Amplitude between pulses, within 2 mV of 0 V. 

at 500 MHz; better at lower frequencies. 
Connectors: female BNC. 
Environmental: mixer has been type tested to meet its specifi- 

cations over -20°C to +65”C and through five cycles of 
40’C and 95% humidity. Compliance with the rigid MIL-I- 
618lD RFI specification has been demonstrated. Non-oper- 
ating tests include -40°C to +75”C exposure, 0.060 inch 
peak-to-peak vibration to 5 5  Hz, 4 inch bench drops, and 
altitude to 25,000 feet. 

Dimensions: 2.3 in. x 0.6 in. x 1.7 in. (59 x 1 5  x 43 mrn). 
Mounting: tapped 4.40 N C  hole pair on 2.062 inch centers on 

Weight: 2 . 1  02 ( 5 9  grams).  
Price: $180.00 (consult H P  for quantity prices), 
NOTE: All specifications are for  500 terminations and F, level of 5 mW. Special 

uni ts are available wi th improved noise specifications or wi th improved, 
specific, port-to-port balance specifications. Also. consult HP on other con- 
nectors, mountings and sizes 

connector side. 
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PIN MODULATORS, MODULATORS 
Versatile modulation 
8730 Series, 8403A 

8730 PIN Modulators 
T h e  Hewlett-Fackard 8730 Series PIN Modulators in- 

crease the flexibility and performance of signal generators 
and sources by providing increased modulation capability. 
Wi th  P I N  modulators, signal sources, including klystrons, 
can be pulse modulated, leveled or amplitude modulated 
with sinusoidal and complex waveforms. Incidental F M  is 
virtually eliminated, because modulation is accomplished by 
absorption of rf power, independent of the signal source, 
with a nearly constant match presented to both the source 
and load. Thus, the source can operate continuously at its 
optimum output level, Extremely fast rise times, typically 
30 nsec, also result from the absorption type of modula- 
tion, which sidesteps the bandwidth limitations imposed by 
the high-Q rf output circuits. 

The  8730 F I N  Modulators cover the coaxial range from 
0.8 to 12.4 GHz in four overlapping bands, in addition to 
X-band in waveguide, Two models are available within 
each band: an “A” model, which provides at least 35 dB 
of attenuation range, and a “B” model, which provides at 
least 80 dB. 

Physically, the F I N  modulator comprises a number of 
P I N  diodes mounted as shunt elements across a transmission 
line. Since P I N  diodes have appreciable storage time, they 
do not rectify at signal frequencies above 100 MHz. How- 
ever, when a dc forward bias is applied, the diodes conduct, 
and their resistance goes down, Thus, the diodes act as 
low-reactance, variable resistors shunting the transmission 
line. Their resistance and the degree of attenuation of an 
rf signal are functions of the modulating current. How- 
ever, due to the storage time of the diodes, specially shaped 
modulation signals must be applied to realize the fast rf 
rise and decay times of which the PIN modulators are 
capable. T h e  HP Model 8403A Modulator is specifically 
designed to supply these modulation signals. 

8403A Modulator 
The Model 840jA provides complete control of the F I N  

modulators, supplying the appropriate modulation wave 
shapes and bias levels for fast rise times, rated on/off 
ratios and amplitude modulation. An internal square-wave 
and pulse modulator, which can be synchronized with ex- 
ternal signals, has a free-running prf from 50 Hz to 50 kHz. 
In the pulse-modulation mode both pulse width and pulse 
delay are adjustable from 0.1 to 100 psec, and jitter with 
respect to the sync pulse and pulse width is less than 1 
nsec. An external A M  input permits remote control of at- 
tenuation or sinusoidal modulation from dc to 10 MHz.  

T h e  Model 8403A also provides square wave and pulses 
for general pulse applications. Repetition rate, delay and 
jitter are the same as above. T h e  output signal has an ampli- 
tude of 25 to 30 volts. 

For situations requiring an absorption-type modulator 
complete with controls in a single unit, a FIN modulator 
can be installed in the Model 8403~4.  This combination is 
fully portable and convenient for bench use. 

Specifications, 8403A 
Output characteristics 

A M  and pulse output for driving 8730 P I N  Modulators: 
pulse output specially shaped for optimum rf rise and 
decay times. 

Pulse output for general pulse applications: positive dc- 
coupled pulse 25 to 30 volts in amplitude, approxi- 
mately symmetrical about 0 volt; no A M  signal. 

Output signals available concurrently from separate front- 
panel connectors, 

Internal modulation 
Square wave 

Frequency: continuously variable from 50 Hz to 50 

Symmetry: better than 45 /55%.  

Repetition rate: continuously variable from 50 Hz to 
50 kHz,  3 decades ranges. 

Delay: continuously variable from 0.1 psec to  100 psec, 
in 3 decade ranges, between sync out pulse and rf 
output pulse. 

Width: continuously variable from 0.1 psec to 100 psec 
in 3 decade ranges. 

Maximum duty cycle: see graph. 

kHz, 3 decade ranges. 

Pulse 

5 0 K C  

DELAY OR WIDTH, WHlCHEVER IS GREATER 
External sync 

Amplitude: 5 volts to 20 volts peak. 
Waveform: pulse or sine wave. 
Polarity: either positive or negative. 
Input impedance: approx. 2000 ohms, dc-coupled. 
Rate: subject to internal recovery time considerations; 

see graph. 
Trigger out 

Sync out: 0.1 to 100 psec in advance of rf pulse, as set 
by Delay control (internal pulse mode) ; simultan- 
eous with rf pulse (internal square wave and external 
pulse mode) .  

Delayed sync out: simultaneous with output pulse (in- 
ternal pulse mode only). 

Amplitude: approximately - 2 volts. 
Source impedance: approximately 330 ohms. 

External modulation 
Pulse input 

Amplitude and polarity: 5 volts to 20 volts peak, either 

Repetition rate: maximum average prf,  500 k H z .  

Input impedance: approx. 2000 ohms, dc-coupled. 
Minimum width: 0.1 pet. 

positive or negative. 
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8403A 

1 
Maximum width: ~ -0.4 psec. 

Prf 
Continuous amplitude modulation (with 8730 Series) 

Frequency response: dc to approximately 10 MHz 
( 3  dB) .  

Sensitivity: approximately 10 dB/volt with H P  8730A 
Series, approximately 20 dB/volt with H P  8730B 
Series. 

Input impedance: approximately 1000 ohms. 
Level control: AM input is dc-coupled, permitting con- 

trol by bias of AM input; rear-panel control for 
use with ac-coupled modulation. 

General 

Power: 115 or 230 volts * l o % ,  50 to 400 H t ,  approxi- 

Dimensions: 163/4” wide, 3Y4” high, 18y8” deep (425 x 
mately 10 watts. 

96 x 467 mm) ; hardware furnished for conversion to 
rack mount 19” wide, 3-15/32” high, 16y8” deep be- 
hind panel (483 x 88 x 416 m m ) .  

Weight: net 16y2 Ibs (7 ,4  kg); shipping 20 Ibs ( 9  k g ) .  
Price: H P  8403A3, $700. 
Options 

01. 
02. 
03. 
04. 
05. 
06. 
07. 
08. 
09. 

H P  8731A P I N  Modulator installed, add $350. 
H P  8731B P I N  Modulator installed, add $575. 
HP 8732A P I N  Modulator installed, add $350. 
H P  8732B P I N  Modulator installed, add $575. 
HP 8733A PIN Modulator installed, add $375. 
H P  8733B P I N  Modulator installed, add $600. 
HP 8734A P I N  Modulator installed, add $400. 
H P  87343 PIN Modulator installed, add $625.  
Sync output and external modulation input con- 
nectors on rear panel in parallel with front-panel 
connectors; pulse output ( or rf input , output ) 
connectors on rear panel only, add $ 2 5 .  

Specifications, 8730 Series 

Maximum ratings: maximum input power, peak or cw: 1W; bias limits: +20 V, -10 V. 
Bias polarity: negative voltage increases attenuation. 
RFI: radiated leakage l imi ts  are below those specified i n  MIL-1-61810 at  input levels 

1 With c5 V bias. 
24 dB, 4 to 4.5 GHz. 
3Driven by HP 8403A Modulator. 
42.0 swr, 4 to  4.5 GHz. 
5 Fits 1 x V z  in. (WR90) waveguide. 

less than 1 mW; at  a l l  input levels radiated interference i s  sufficiently 
low to  obtain rated attenuation. 
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Specifications 
Attenuation: 
Frequency range: 
Overall accuracy: 

ImDedance : 

355C,D VHF Attenuators 
Unique design provides accurate attenuation from dc to 

1 GHt with the H P  355C ( 0  to 12 dB in 1 dB steps) and H P  
355D ( 0  to 120 dB in 10 dB steps). Attenuator sections are 
inserted and removed by cam-driven microswitches. These 
sections are adjusted by a time-domain reflectometry system 
to minimize reflections and assure high accuracy. Insertion 
loss is low, and using both instruments provides attenuation 
in 1 dB steps to 132 dB. The  units can be connected with 
either terminal as input or output, and their small size and 
mounting versatility permit several installation schemes- 
even within other equipment. 

393A, 394A Coaxial Attenuators 
Each of these coaxial variable attenuators uses the prin- 

ciple of a directional coupler (see Figure 1) to achieve a 
wide range of attenuation over a full octave. The  H P  393A 
covers 5 to 120 dB from 500 to 1000 MHz;  H P  394A covers 
6 to 120 dB from 1 to 2 GHz. Wi th  special high-power ter- 
minations, they will handle up  to 200 watts average. 

Since these instruments are variable directional couplers, 
they are particularly useful for mixing signals while main- 
taining isolation. 

355c 3550 
120 dB in  10 dB steps 

dc to 1 GHz 
*0.1 dB at 1000 Hz; *0.3 dB to 120 dB at 
*0.25 dB dc to 500 MHz; 1000 Hz;+1.5 dB to 90 
h 0 . 3 5  dB dc to 1 GHz dB below 1 GHz; + 3  

dB to 120 dB below 1 
GHz 

12 dB in 1 dB steps 

50 ohms nominal 

VARIABLE COAXIAL ATTENUATOR 
Versatile application to 2 GHz 
Models 355C,D, 393A, 394A 

Maximum swr 
(input and output) :  
Maximum insertion loss: 

INPUT 

1.2 below 250 MHz; 1.3 below 
500 MHz; 1.5 below 1 GHz 

0.25 dB at 100 MHz: 0.75 dB to 500 MHz; 1.5 dE 

UNATTENUATED OUTPUT 
\ \  

Specifications 393A 394A 

'ATTENUATED 
OUTPUT 

, - -  
Attenuation or coupling: 
Directivity (with loads 

less than 1.05 swr): 
Absolute accuracy 

(between matched 
generator and load): 

SWR input :  

SWR output: 

Impedance: 
Maximum voltage: 
Average power: 

Oirnansinns: 

+TERMINATION 

5 to 120 dB, variable I 6 to 120 dB, variable 

*l d B o r . t l % o o f d i a l  * 1 . 2 5 d B o r * 2 . 5 ~ o f  
reading, whichever is 

<2.5, 5 to 15 dB 

< 1.5, 15 to 30 dB 

<1.2, 30 to.120 dB 

<2.5, 5 to.15 dB 

<1.5, 15 to 30 dB 

<1.4, 30 to,120 dB 

typ ica l l y  10 dB, 10 to 40 dB attenuation 

dial reading, which- 

<2.5, 6 to10 dB 

<1.8, 10 to 15 dB 

<1.6, 15 to,l20 dB 

<2.5, 6 to 10 dB 

< 1.8, 10 to, 15 dB 

<1.6, 15 to.120 dB 

greater ever is greater 

attenuation attenuation 

attenuation attenuation 

attenuation attenuation 

attenuation attenuation 

attenuation attenuation 

attenuation attenuation 
50 ohms nominal 

500 volts peak 
approx. 200 watts maximum; power rating of 

terminations must be observed (908A, 0.5 watt 
terminations furnished) 

5% '' wide. 12" lone. 2% " deeD (140 x 305 x 70 mm) 5 0  A (Load A) I - 
Figure 1. 
With load A only, the instrument is a variable directional coupler. 

With loads A and B in place the instrument is an attenuator. 

to GHz 
1 6  long. 2%" wide, 2%'' high 1152 x 70 x 67 mm) Dimensions: , . -  - ,  

Weight: j n e t i s  ~ b s  (0,7 kg); shipping 3 Ibs (1,4 kg) 
I Price: HP 355c $150 1 HP 355D. $150 
I I , .-- . ~ . . -  , T - - -  . . . ..__ 

- - - -  - _  
Weight i net 6 Ibs (2,7kg),-shlppi'ng 13 Ibs (5,8 kg) 
Price. I HP7WA $535 I HP W A A  R550 , I . . "  --..,.--- ... -- ..., ~ " " -  1 

supplied without 908A coaxial terminations, 
I less $70 I 

Ootion 01. 1 

355C,D 393A 
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COAXIAL ATTENUATORS 
A new concept in attenuation 

Models 354A, 8491A,B, 8492A 

The  HP 354A, 8491A,B, and 8492A Coaxial Attenuators 
are the direct result of the development of thin-film tech- 
nology at Hewlett-Packard. In  these instruments, a thin re- 
sistive film deposited on a ceramic card forms the attenua- 
tion element. T h e  card is inserted in a precision housing for 
mounting in the attenuator body. The end product is a series 
of attenuators and pads, fundamental tools in all phases of 
electronic engineering, which are broad band with flat re- 
sponse and low swr. 

Broad-band pads 

T h e  HP 8491A,B and 8492A are fixed coaxial pads. The  
8491A operates from dc  to 12.4 GHz, the 8491B and 
8492A from dc  to 18 GHz. Capable of handling 2 watts, 
these economical pads are excellent wherever power reduc- 
tion is required. Nominal attenuation (3 ,  6, 10, and 20 dB) 
is determined by the option number, e.g. 8 4 9 1 ~ 4  Option 1 0  
is a 10-dB pad. Higher values are also available. Actual at- 
tenuation values are indicated on the nameplates at specific 
frequencies, and each pad is swept-frequency tested for at- 
tenuation and swr over critical parts of the band. 

Turret attenuator 

A turret-type attenuator, HP Model 354A provides 0 to 
60 dB of attenuation in IO-dB steps. Its small, convenient 
size makes it well suited for bench-top use, and the base 
is removable for easy conversion to a panel mount for  system 
or instrumentation applications. Operating from dc  to 12.4 
GHz, the 354A is valuable in multi-octave tests which other- 
wise require two o r  more narrow-band attenuators. Attenua- 
tion is changed with a simple knob rotation. Input and out- 
put connectors, type N female, are on  the rear. 

Specifications, 8491A,B, 8492A 

Frequency range: 8491A, dc to 12.4 GHz; 8491B and 8492~4, 

Nominal attenuation: Option 03, 3 dB; Option 06, 6 dB; Op- 

Attenuation accuracy: 

dc to 18 GHz. 

tion 10, 10 dB; Option 20, 20 dB. 

8491A: Option 03: 20.3dB;Option 06: dc to 7 GHz, k 0 . 3  
dB; 7 to 12.4 GHz, k 0 . 4  dB; Option 10: k 0 . 5  dB; Op- 
tion 20: dc to 7 GHz, i0.5 dB; 7 to 12.4 GHz, I 1  dB. 

8491B and 8492A: Option 03: t 0 . 3  dB; Option 06: dc to 
1 2  GHz, k 0 . 3  dB; 12 to 18 GHz, k 0 . 4  dB; Option 10: 
k0.5 dB; Option 20: dc to 1 2  GHz, k O . 5  dB; 1 2  to 18 
GHz, i l  dB. 

Calibration frequencies: 8491A: 0, 4, 8, and 12.4 GHz; 8491B 

impedance: 50 ,Q. 

SWR (either connector) : 

and 8492A: 0,4, 8, 12, and 18 GHz. 

8491A: Option 03: dc to 7 GHz, 1.25; 7 to 12.4 GHz, 1.35; 
Options 6, 10, and 20: dc to 7 GHz, 1 .2 ;  7 to 12.4 GHz, 
1.3. 

8491B: Option 03: dc to 7 GHz, 1.25; 7 to 1 2  GHz, 1.35; 
12 to 18 GHz, 1.5; Options 06, 10, and 20: dc to 7 GHz, 
1.2; 7 to 12 GHz, 1.3; 1 2  to 18 GHz, 1.5. 

8492A: Option 03: dc to 8 GHz, 1.2; 8 to 1 2  GHz, 1.3; 
1 2  to 18 GHz, 1.5; Option 06: 0 to 8 GHz, 1.2; 8 to 1 2  
GHz, 1.3; 12 to 18 GHz, 1.35; Options 10 and 20: dc to 
8 GHz, 1.15; 8 to 1 2  GHz, 1.25;  12  to 18 GHz, 1.35. 

Maximum input power: 2 W average. 
Connectors: 8491A and 8491B: stainless steel type N, one male, 

one female; 8492A: APC-7. 
Dimensions: 8491A and 8491B: 2-7/16 in. long, 13/16 in. in 

diameter (62 x 2 1  m m ) ;  84924: 2 %  in. long, 13/16 in. in 
diameter (70 x 2 1  mm) .  

Weight: net, 31/2 oz (100 g) ; shipping, 8 oz (220 g).  
Price: (including option) : 8491A, $50; 8491B, $65; 8492A, 

Options (Specify one) : 03: 3-dB nominal attenuation; 06: 
6-dB nominal attenuation; 10: 10-dB nominal attenuation; 
20: 20-dB nominal attenuation. 

$125. 

Specifications, 354A 

Frequency range: dc to 12.4 GHz. 
incremental attenuation: 0 to 60 dB in 10-dB steps. 
Accuracy (including frequency response) : 1 2  dB. 
Residual attenuation: less than 1.5 dB. 
'SWR: 0 to 8 GHz, 5 1 . 5 ;  8 to 12.4 GHz, 51.75. 
Maximum power: 2 W. 
Connectors: type N female, stainless steel. 
Dimensions (maximum envelope) : 4 in. wide, 3% in. high, 

4% in. deep (102 x 79 x 114 m m ) ;  panel mount, 3-1/16 
in. wide, 2-5/16 in. high, 3% in. deep behind panel (78 x 
59 x 95 m m ) .  

Weight (with base): net 2 %  lb (1,2 kg ) ;  shipping 4 lb (1,s 

Price: Model 354A, $350. 
kg).  
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HP Model I S382B,C I 6382A 

Precision Variable Attenuators 
Operation of these direct-reading, precision attenuators depends 

on  a mathematical law, rather than on the resistivity of the attenuat- 
ing material. Accurate attenuation from 0 to 50 dB (0 to 60 dB for 
S382B,C) is assured regardless of temperature and humidity. The 

instruments can handle considerable power and feature large. easily 
read dials. In  addition, the S382B,C achieve both long electrical 
length and short physical dimensions through dielectric loading. The  
result is an S-band attenuator which is only 25% in. long and yet 
is more accurate than previously available units. 

J382A H382A X382A P382A K382A* R382A * 

Waveguide size (in): 
(EIA): 

3 x 1 5  2 x 1  1% x %  1% x %  l x %  ,702 x ,391 % x % ,360 x ,220 
WR284 WR187 WR137 WR112 WR90 WR62 WR42 WR28 

-~ 

average continuous duty :  I 10 1 15 I 10 I -10 I 5  1-71 1 
Power handling capacity, watts, 

Weight net, Ib (kg): 
shipping, Ib (kg): 

Size length, in. (mm): 25% (641) 31% (803) 25% (638) 20 (508) 15y8 (397) 12% (318) 7% (194) 6-7/16 (164) 
height, in. (mm): (245) 7-15/16 (202) 7-15/16 (202) 7% (194) (197) 5% (140) 5% (140) 
depth, in. (mm): 1 $;:\ 1 ?i (197) 1 6% (165) 1 6% (165)14-11/16 (119) 1 ig  (121) I 3% (9211 3% (92)I 

18 (8,U 25 (11,3) 12 (5,4) 10 (4,5) 5 (2,3) 5 (2,3) 4 (1,8) 4 (1,8) 
28 (12,6) 32 (14,4) 24 (10,8) 22 (9,9) 8 (3,6) 9 (4,l) 9 (4,l) 9 (4,l) 

Price: 

For all 382A Models 
Calibrated attenuation range: 0 to 50 dB (above residual attenua- 

Residual attenuation: less than 1 dB. 
Phase shift variation: less than 3" froni 0 to 50 dB. 
Reflection coefficient: less than 0.07 (1.15 swr. 23.1 dB return 

Accuracy: i 2% of reading in dB, or 0.1 dB, whichever is greater. 

t ion) .  

loss) .  

Includes calibration and frequency error. 

For S382B, C Models 
Calibrated attenuation range: 0 to 60 dB (above residual at- 

Residual attenuation: less than I dB. 
Accuracy: = 1% of reading in dB, or 0.1 dB, whichever is greater, 

from 0 to 50 d B ;  * 2 %  of reading above 50 d B ;  includes calibra- 
tion and frequency error, 

Phase shift variation: less than 3" from 0 to 60 dB. 
Reflection coefficient: less than 0.091 (1 .2  swr, 20.8 dB return 

loss). 2.6 to 3 GHz; less than 0.07 (1.15 swr, 23.1 dB return 
loss) ,  3 to 3.95 GHz. 

Degree dial: 0 to 9 0 " ;  S382B calibrated in 0.1' increments; S382C 
calibrated in 0.01' increments. 

*Circular flanae adaoters: K-band iUG-425/U) 11515A. $35 each: R-band 
tenuation). (UG-381/U) 11516A, $40 each. 

Specifications, 375A 
General Purpose Attenuators 

Variable flap attenuators provide a simple, convenient means of 
adjusting waveguide power level or isolating source and load. They 
consist of a slotted section in which a matched resistive strip is in- 
serted. The  degree of strip penetration determines attenuation. A .  , 
dial shows average reading over the frequency band, and a shielded 
dust cover reduces external radiation and eliminates hand capacity 
effects. Attenuation is variable froni 0 to 20 dB. Dial calibration 
is accurate within 1 dB from 0 to 10 dB, * 2 dB from 10 to 20  
dB. Maximum reflection coefficient is 0.07 (1.15 swr. 23.1 dB 
return loss). *Circular flange adapters: K-band (UG.425/U) 11515A, $35 each; A-band 

(UG-381/U) 11516A, $40 each. 
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The term “power” is used to describe 
the rate at which energy is made avail- 
able to do work. In the field of micro- 
wave, this “work” is usually the trans- 
mission of aural, visual, or coded 
(radar) intelligence over a given dis- 
tance. Other examples of work accom- 
plished by microwave power include the 
excitation of molecules in a medium to 
produce heat, or the acceleration of par- 
ticles for nuclear studies. 

Voltage and current measurements are 
basic a t  low frequencies and dc because 
they can be made conveniently with high 
accuracy. Voltage, current, and resistance 
are fundamental electrical standards, 
whereas power is a derived term of nec- 
essarily lower accuracy. At low frequen- 
cies power may be calculated from 
voltage and impedance measurements 
using Ohm’s law. 

Two types of power measurement are 
common in microwave work. Many ap- 
plications require a knowledge of aver- 
age power in a device while others re- 
quire peak power of a periodic pulse. 

The average p o u e r  over a given time 
period is the integral or summation of 
all instantaneous values of power during 
the period divided by the period. With 
a C W  source, the shortest time of interest 
is generally the period of one cycle of 
output signal. The average power in this 
period is the same as for any integral 
number of cycles, provided steady-state 
conditions exist. 

Peak pirl.re pou’er  may be defined sev- 
eral ways. The earliest common defini- 
tion was: Peak pulse power is the aver- 
age power during the time the pulse is 
on. It should be noted that any aberra- 

CURRENT VOLTAGE 
STANDING WAVE STANDING WAVE 

I 
1 

-4 x / 4  I_ 
A N 6 4  - A  - I 

F igure 1. M i s m a t c h e d  t r a n s m i s s i o n  l ine  exh ib i t s  s t a n d i n g  waves, m a k i n g  vo l tage o r  c u r r e n t  
m e a s u r e m e n t s  a rb i t ra ry .  At  m i c r o w a v e  f requencies,  energy  leve ls  a re  m o r e  readi ly  d e t e r m i n e d  

by  power  m e a s u r e m e n t  w h i c h  is  i n d e p e n d e n t  of pos i t i on  ( loss less l ine).  

At microwave frequencies, we are 
faced with distributed circuit constants 
(Figure 1) and transmission line lengths 
that are appreciable fractions of a wave- 
length or more. Impedance at any given 
measurement point is not easily de- 
termined and any impedance mismatch 
between source and load sets up standing 
waves along the transmission line such 
that voltage measurement becomes arbi- 
trary. Figure 1 illustrates how voltage 
and current vary on a mismatched line. 
Since the power remains invariant with 
position in a lossless line, the practical 
method of determining energy available 
in a microwave circuit becomes one nf 
pon.er measurement. 

tions in the pulse, such as overshoot or 
ringing, are averaged out by this defini- 
tion and the inrtnntnneous peak power 
of the pulse cannot be considered as the 
peak pulse power. Early radar applica- 
tions of pulsed microwave power in- 
volved only the use of rectangular pulses. 
In this case, this definition of peak pulse 
power was entirely adequate. 

Continued development of microwave 
applications and accuracy improvement 
has required better definitions since many 
times the pulse is intentionally not rec- 
tangular, or contains aberrations which 
make it difficult to accurately determine 
the pulse width. In applications involv- 

ing non-rectangular pulse shapes, peak 
pulse power may be defined as: 

e‘,, 
P , , k  = - 

R 

where e,, is the peak rmr voltage across 
the load resistance, R, absorbing the 
power. This expression accurately de- 
termines the maximum amplitude point 
of the pulse, and is especially useful for 
voltage breakdown checks. Since peak 
pulse power may have different niean- 
ings depending on the application, the 
method of measurement should be 
flexible enough to allow a choice as to 
what is considered to be the peak power 
of the pulse. Such methods are discussed 
in Application Note 64. 

A great many microwave power nieas- 
urements are well below 10 milliwatts 
where signal generators supply test sig- 
nals for checking receiver, small-signal 
amplifier and detector performance. In 
some cases the power level may be on the 
order of only a few microwatts, requiring 
high sensitivity and stability in the nieas- 
uring equipment. 

Bolometric power meters 
Below 10 milliwatts, power is usually 

measured with bolometers (temperature- 
sensitive resistive elements) in conjunc- 
tion with a balanced bridge There are 
two general types of bolometers: thermis- 
tors, whose resistance decreases with 
temperature (negative temperature coef- 
ficient), and barretters which have a 
positive temperature coefficient. The use 
of thermistors is more prevalent because 
they are more rugged, both physically 
and electrically, than barretters These 
tiny bolometer elements are mounted in 
devices that ideally present a perfect hi- 
pedance match to microwave transmis- 
sion lines, either coaxial or waveguide 
Such devices are appropriately termed 
bolometer mounts and allow a “bias” con- 
nection to the bolometer element, as well 
as a proper entry point for rf .  The bo- 
lometer is connected as one leg of a 
Wheats tone  bridge ( o r  modification 
thereof ) through the bias connection, and 
bridge excitation is applied. The dc or 
lom~-frequency ac bridge excitation serves 
as the bolometer element bias power 
which affects the bolometer’s resistance, 
so that the bridge is essentially balanced. 
When the unknown microwave power is 
applied to the bolometer, the resulting 
temperature rise causes the element’s re- 
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F igu re  2 .  Block d i a g r a m  of HP 431C Power Meter .  Dual b r i dge  p rov ides  p r o p e r  b ias  to t h e r m i s t o r  
m o u n t  t o  co r rec t  f o r  t e m p e r a t u r e  v a r i a t i o n  a n d  r e d u c e  zero d r i f t .  

sistance to change, tending to unbalance 
the bridge. By withdrawing a like amount 
of dc or ac bias power from the element, 
the bridge may be returned to balance, 
and the amount of bias power removed 
can be measured and displayed on an 
indicating meter. 

Automatic bolometer bridges 
There are a number of bolometer 

bridge designs which provide various de- 
grees of accuracy, speed, and convenience. 

The Hewlett-Packard Model 431C 
Power Meter is a temperature-com- 
pensated, automatically balanced ther- 
mistor bridge of versatile design. Operat- 
ing with any of the H P  temperature-com- 
pensated thermistor mounts, the 431C 
automatically maintains bridge balance 
and reads substituted bias power to a 
basic accuracy of i 1 % of full scale. The 
131c power ranges of 10 microwatts to 
10 milliwatts (full scale) encompass 
virtually all levels involved in small sig- 
nal microwave power testing. 

Since all bolometer elements are tem- 
perature-sensing devices, they are, in 
themselves, unable to distinguish between 
applied power level changes and environ- 
mental temperature changes. As bolome- 
ter bridge sensitivity is increased, even 
minute temperature variations appear as 
though a varying power were being ap- 

plied to the bolometer element. The re- 
sult, if not conipensated for, is “zero 
drift” of the power meter and erroneous 
power measurements. 

A dual bridge arrangement, as shown 
in Figure 2, is used in the 431C to com- 
pensate for variations in temperature at 
the thermistor mount. The thermistor 
mounts used with the 431c have two 
thermistor elements. The two are in close 
thermal proximity and are affected 
equally by changes in ambient tempera- 
ture. Thus RD responds to both ambient 
temperature and applied RF power; RV, 
isolated from the RF power, responds 
only to ambient temperature. Each ele- 
ment is connected to its own bridge cir- 
cuit in the power meter, which automa- 
tically controls bias power. This ar- 
rangement compensates for temperature 
changes, thus reducing zero drift in the 
431c by a factor of 100 over un- 
compensated meters. Another advantage 
of the 431C design is that when zeroed 
on the most sensitive range, the meter 
may be switched to any other power 
range without re-zeroing (zero-carryover 
is within 1% on all ranges). The 431c 
also provides a dc output proportional 
to the deflection of its meter, an output 
useful for recording purposes-or control 
of external circuits. This feature is ex- 
tremely valuable for power meter level- 
ing of microwave sweep oscillators and 
signal generators. 

Thermistor mounts designed specifi- 
cally for the 431C include the 478A4, 
Coaxial Mount and 486A Waveguide 
Series. The coaxial unit operates from 
10 MHz to 10 GHz; the waveguide units 
collectively cover waveguide bands from 
2.6 to 40 GHz. All mounts present low 
swr over their frequency ranges without 
tuning. 

Non-temperature-corn pensated 
bridges 

Also available is the H P  Model 430C 
Power Meter, which operates with a 
number of non-temperature-compensated 
barretter or thermistor mounts such as 
the H P  477B Coaxial and 487 Waveguide 
Series. The 47814 and 486A Thermistor 
Mounts also can be operated in a non- 
temperature-compensated mode with the 
430C using the 11528A Adapter. This 
permits utilization of the 430C Power 
Meter in waveguide bands not covered 
by the 487 series of mounts. Accuracy of 
the 430C in measuring substituted power 
is % 5 %  of full scale. (See page 381 for 
full specifications on 430C.) 

Calorimetric power meters 

Bolometer elements cannot be used for 
direct power measurement at levels above 
10 to 50 milliwatts because of their physi- 
cal size. Calibrated directional couplers 
or attenuators are sometimes used to re- 
duce the power level to the bolometer’s 
range; however, this also reduces overall 
accuracy because of the additional tol- 
erances on coupling factor or attenuator 
calibration, Where better accuracy is de- 
sired, calorimetric techniques provide a 
more useful result. 

Calorimetric power meters dissipate 
the unknown power in a resistive termi- 
nation which ideally is matched to the 
transmission line or source impedance. 
The temperature rise caused by the 
power dissipation is then measured by 
a temperature sensor which is calibrated 
against known amounts of dc power. 
Calorimetric power meters fall into two 
categories-dry and fluid. Dry calori- 
meters depend upon a static thermal 
path between the dissipative load and 
the temperature sensor. This arrange- 
ment often requires several minutes for 
the termination and sensor to reach 
equilibrium, making measurements time- 
consuming and too sluggish for tuning 
circuit parameters for optimum output. 
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Fluid calorimeters such as the H P  434A 
utilize a moving stream of oil to transfer 
heat quickly to the sensing element. An 
amplifier-feedback arrangement, in con- 
junction with the series oil flow system 
as shown in Figure 3 ,  reduces measure- 
ment time in the 434A to less than 5 sec- 
onds for full-scale response. The physi- 
cal size of the termination and the flow 
rate of liquid passing over the termina- 
tion are primary factors which determine 
the maximum power that may be dissi- 
pated by a fluid calorimeter. The H P  
434A covers the important range of 10 
m W  to 10 watts, where medium-power 
TWT’s, klystrons, and low-power mag- 
netrons produce power levels above the 
bolometer’s range, and too low for large 
calorimetric systems. Further information 
on the 434A Calorimetric Power Meter 
is on page 383. 

Figure  3. S i m p l i f i e d  d i a g r a m  of HP 434A 
C a l o r i m e t r i c  Power Meter,  s h o w i n g  oil f l o w  
p a t h .  

Peak power measurement 
A frequent requirement in microwave 

work is the measurement of peak power 
in a periodic pulse. This may be done 
by various indirect techniques using bo- 
lometers or calorimeters. Hewlett-Pack- 
ard produces a versatile instrument that 
conveniently measures peak power direct- 
ly in the 50 MHz to 2 GHz region. This 
instrument (the 8900B) utilizes a video 
comparator technique to bring a known 
dc voltage, supplied by the 8900B, in a 
known impedance to a level which is 
equal to the pulse being measured. This 
allows simple measurements of peak 
pulse power with a basic accuracy of 
1.5 dB even when the waveform is not 
rectangular. A two-stage emitter follower 
in the instrument provides an isolated 
monitor output for viewing and analyz- 
ing the demodulated output on an ex- 
ternally connected oscilloscope. The out- 
put bandwidth is 1 kHz to 7 MHz 

permitting useful reproduction of a vari- 
ety of waveforms. This output may also 
be used for synchronizing the oscillo- 
stope sweep circuitry. The optional cus- 
tom calibration chart increases accuracy 
to 0.6 dB for critical applications. (See 
page 382 for more information on the 
8900B.) 

Application Note 64 

Complete information on the theory 
and operation of bolometers and bridges, 
along with other types of power meters, is 
included in a comprehensive application 
note available from Hewlett-Packard. 
Application Note 64 contains up-to-date 
information on virtually all aspects of 
microwave power measurement, includ- 
ing detailed descriptions and illustrations 
of instruments, techniques, error analysis 
and applications. Sources of measure- 
ment error and systematic methods for 
error-reduction allow selection of the 
best procedure for a specific application. 
Application Note 64, entitled “Micro- 
wave Power Measurement”, is available 
on request through your H P  sales office. 

Steps toward better accuracy 

The fundmiental standards of micro- 
wave power lie in dc or low-frequency 
B C  voltage and resistance standards which 
ni3y be accurately measured and used for 
comparison or substitution. Other factors, 
such as impedance matching and effi- 
ciency of the sensing device, play an im- 
portant role in the ozerul l  measurement 
accuricy. 

The basic accuracy of H P  power mea- 
suring equipment satisfies the require- 
ments  of most applications without  
complicated set-ups requiring extensive 
manual operations and calculation. Cer- 
tain other applications, however, demand 
varying degrees of accuracy improve- 
ment. The versatility and stability of H P  
equipment allows easy enhancement of 
its basic accuracy in a step-by-step man- 
ner until the degree of accuracy needed 
is achieved. 

Timers: Certainly one of the most im- 
portant steps for higher accuracy is the 
elimination of mismatch loss with a 
t u  n e r . Hew1 et  t - P a  c k a r d bo 1 o m e t e r 
mounts and calorimeter input systems 
are designed and tested for good broad- 
band impedance match (low swr)  to 
common microwave transmission lines. 
However, source swr must also be con- 
sidered in any power measurement, and 
the combination of source and load swr 
can produce serious mismatch errors. To  
eliminate mismatch error, H P  870A 

Waveguide Series or 872A Coaxial Slide- 
screw Tuners may be used ahead of the 
bolometer or calorimeter input. 

Effective Ef ic iency dnd Cdlibration 
Fdctor:  A bolometric power meter can 
only measure power that is absorbed by 
the bolometer element, not that which is 
dissipated elsewhere in the mount or re- 
flected by the mount (swr) .  Further- 
more, the spatial distribution of current 
and resistance within the element is 
slightly different for microwave frequen- 
cies and the dc (or low-frequency ac) 
which is actually measured by the meter. 
The effects of these sources of error, gen- 
erally unknown by the user, are mea- 
sured at certain frequencies during the 
manufacture of the Models 478A and 
486A mounts and presented on their 
nameplates as Calibration Factor and 
Effective Efficiency. Calibration Factor 
is the ratio of substituted bias power in 
the power meter to the microwave power 
incident on the mount. Effective Efficiency 
is the ratio of substituted bias power in 
the power meter to the microwave power 
absorbed by the mount. Although direct 
traceability to NBS (National Bureau of 
Standards) is not yet available in certain 
bands, the extensive tests and cross- 
checks conducted by H P  on literally 
thousands of mounts assure a uniformly 
high level of efficiency in all mounts. 
(The H P  E31-8690 Series of power Cali- 
bration systems provides these data in 
either coas or waveguide-see page 380.) 
In addition, the mounts are swept-fre- 
quency tested, so the effects of even sharp 
resonances on efficiency are revealed and 
eliminated. 

Zn.rtrunzentntion: H P  431c power me- 
ters provide a basic accuracy of kl’% 
in substituted power to the thermistor. 
A dc input on the rear panel allows ex- 
ternal dc substitution for increased ac- 
curacy when required. The H P  8402B 
Power Meter Calibrator may be con- 
nected to the dc substitution jack on the 
431C to reduce instrumentation error to 
&0.16%. The D V M  output of the H P  
431c allows connection of a digital volt- 
meter (such as the H P  3440A, pages 220- 
221) for high precision readout of 
power. 

The 434A Calorimetric Power Meter 
basic accuracy is of full scale, 
which includes both instrumentation er- 
ror and efficiency. The built-in calibra- 
tion source provides a 0.1 watt dc check 
point accurate to 1% for convenient 
verification of the 434A calibration. The 
instrumentation uncertainty can be sub- 
stantially reduced by calibrating the 434A 
on the range to be used with an external 
dc test set. The H P  K02-434A DC Test 
Set provides calibration power levels in 
convenient steps from 2 m W  to 10 W, 
and is accurate to ?0.5% of output. 



378 

T h e  Model 431C Power Meter, together with its com- 
panion 478A3, and 486A Thermistor Mounts, enables you 
to make even routine microwave power measurements 
with standards-lab accuracy. You have complete confi- 
dence in the accuracy of your measurements because all 
sources of error are taken into consideration, Thermistor 
mount efficiency, stated as both Effective Efficiency and Cali- 
bration Factor," is furnished with each 478A and 486A 
Thermistor Mount, and the 431C itself affords high instru- 
mentation accuracy (better than 17G of full scale on most 
ranges) -thus the characteristics of the measurement system 
are known from thermistor mount input to power meter 
readout. 

Thermistor mount efficiency plays a very significant role 
in determining overall measurement accuracy, and the 43  1C 
provides real convenience for utilization of the efficiency 
data imprinted on each mount. T h e  431C contains a front 
panel Calibration Factor control, calibrated in 1 % steps 
from 100% to 88c/c, which normalizes the meter read- 
ing to account for the efficiency correction factor of the 
mount. Simply set the control and read the meter; no calcu- 
lations are required. 

The  431C provides full scale readings from 10 microwatts 
to 10 milliwatts in seven ranges; range switching is in 5-dB 
steps. The  meter movement is calibrated in milliwatts and 
dBm. The  accuracy of the 431C is maintained even in the 
presence of high intensity fields, for the instrument exhibits 
very low rf susceptibility. In fact, the 431C surpasses all the 
requirements of MIL-I-6181D. 

Two self-balancing bridges (of which the thermistor 
mount forms a part)  are used in the power measuring sys- 
tem of the 431C. One  bridge senses the rf power; the other 
corrects the meter reading for ambient temperature changes. 
T h e  result is very high stability, eliminating the need to con- 
tinually check and reset the zero adjustment. In addition, a 
single zero adjustment holds for all ranges, simplifying 
measurements where it is inconvenient to turn off the power 
source during range changes. 

Provision is also incorporated in the 431C for further re- 
finement of instrument accuracy and resolution. A Voltmeter 
Output allows use of appropriate digital or differential dc 
yoltmeter for increased resolution of the meter indication. 
In addition, a dc  calibration input jack permits precise dc 
calibration of the instrument and thermistor mount (see 
HP 8402B) .  

Specifications, 431C 
Instrument type: automatic, self-balancing power meter for 

use with temperature-compensated thermistor mounts. 
Power range: 7 ranges with full-scale readings of 10, 30, 100, 

and 300 pW,  1, 3, and 10 mW; also calibrated in dBm from 
-20 dBm to + l o  dBm full scale in 5-dB steps. 

Accuracy: +20"C to +35"C: 21% of full scale (100 pW 
range and above); 21 .5% of full scale (30 pW range);  
k 2 %  of full scale (10 pW range) 
0°C to +55'C: - ~ 3 %  of full scale on all ranges. 

*Calibration Factor and Effective Efficiency. "Figures of merit" that express 
the ratio of the substituted audio signal measured by the power meter t o  the 
microwave power incident on and absorbed by the m o u n t ,  respectively. 

Calibration factor control: 13 position switch normalizes meter 
reading to account for thermistor mount Calibration Factor 
(or Effective Efficiency). Range: 100% to 88% in 1% steps. 

Thermistor mount: external temperature-compensated thermis- 
tor mounts riquired for operation. 

Meter movement: taut-band suspension, individually calibrated 
mirror-backed scales; milliwatt scale greater than 4% in. 
( 108 mm ) long. 

Zero carryover: less than 1% of full scale when zeroed on 
most sensitive range. 

Zero balance: continuous control about zero point; range below 
zero is equivalent to at least 2% of full scale. 

DVM output: 1.000 V into open circuit corresponds to full-scale 
meter deflection (1.0 on 0-1 scale) i r0 .5%;  1 kn output 
impedance, BNC female connector; effect of loading im- 
pedance less than 10 M a  must be accounted for. 

Recorder/leveler output: with load impedance of 600 Q or 
more, output is approximately 1 V dc at full scale meter 
deflection; BhTC female connector. 

Calibration input: binding posts for calibration of bridge with 
H P  8402B Power Meter Calibrator or precise dc standards. 

Power: 115 or 230 V & l o % ,  50 to 400 Hz, 2 %  W; optional 
rechargeable battery provides up to 24 hours continuous 
operation. 

RFI: meets all conditions specified in MIL-I-6181D. 
Dimensions: 7 %  in. wide, 6% in. high, 11 in. deep from panel 

(197 x 165 x 279). 
Weight: net, 7 Ibs (3,2 kg), 9 Ibs (4,l kg) with battery; ship- 

ping, 11 Ibs (> kg) ,  13  Ibs (6,3 kg) with battery. 
Furnished: 5-ft (1520 mm) cable for H P  temperature com- 

pensated thermistor mounts; 7 %  ft. (2290 mm) power cable, 
NEMA plug. 

Available: 00415-606 Rechargeable Battery Pack for field in- 
stallation, $100. 

Price: Model 431c, $475. 
Options: 

01. 

02. 

09. 

10. 

11. 

1 2 .  

13. 

21. 

2 2 .  

23 .  

Rechargeable battery installed, provides up to 24 hours 
continuous operation, add $100. 
Rear input connector wired in parallel with front panel 
input connector, add $15. 
With 10-foot (3050 mm) cable for 100 D or 200 
mount, add $25. 
With 20-foot (6100 mm) cable for 100 or 200 
mount. add $50. 
With 
$100. 
With 
$150. 
With 
$250. 
With 
$100. 
With 
$150. 
With 
$250. 

50-fOOt (15240 mm) cable for 100 mount, add 

100-foot (30480 mm) cable for 100 D mount, add 

200-foot (60960 mm) cable for 100 R mount, add 

50-foot (15240 mm) cable for 200 R mount, add 

100-foot (30480 nim) cable for 200 a mount, add 

200-foot (60960 mm) cable for 20OQ mount, add 
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HP 
Modell 
478A 

S486A 
G486A 
1486A 
H486A 

478A, and 486A Thermistor Mounts 
These thermistor mounts are designed for use with H P  

431C Power Meter. Each is supplied with Calibration Factor 
and Effective Efficiency Data,” permitting power measure- 
ments to be made with absolute accuracy. The  data, provided 
at several points across each band, are traceable to the Na- 
tional Bureau of Standards to the extent allowed by the 
Bureau’s facilities. Thus, mount losses and reflections (that 
part of the incident power which does not reach the power- 
sensing thermistor) can be accounted for under all measure- 
ment conditions. 

The  calibration data at points not yet on the NBS sched- 
ule are based on interim standards established at Hewlett- 
Packard after years of designing, manufacturing, and test- 
ing thermistor mounts. Literally thousands of test and 
measurements have gone into the development of these 
standards, including cross-checks against NBS-calibrated 
mounts wherever possible. Thus efficiency data are provided 
at many points in addition to those on the NBS schedule to 
facilitate interpolation and help you to make more accurate 
power measurements more easily. For easy access, these data 
are affixed directly to each mount. 

Both Calibration Factor and Effective Efficiency Data are 
furnished to provide complete measurement flexibility. Cali- 
bration Factor is used as the correction factor for general 
applications when a tuner is not used; Effective Efficiency is 
used whenever a tuner is part of the measurement system. 

These thermistor mounts are temperature compensated for 
low drift,  permitting measurement of microwave power as 
low as one microwatt. Each mount contains a pair of thermis- 
tor sets in similar thermal environments. One set responds to 
the R F  input and ambient temperature; the other responds 
just to the ambient temperature to compensate for tempera- 
ture changes. 

Operating 
Frequency Maximum resistance 

range, GHz swr (ohms) Price 
10 MHz to 1.75, 10 to 25 MHz 200 $155 

10 GHz 1.3, 25 MHz to 7 GHz 
1.5, to 10 GHz 

2.60 to 3.95 1.35 100 $195 
3.95 to 5.85 1.5 100 $180 

1.5 100 $170 5.30 to 8.20 
7.05 to 10.0 1.5 100 $165 

Model 478A is designed for 50-ohm coaxial systems. I t  
operates over frequencies from 10 MHz to 10 GHz pre- 
senting a good 50-ohm match over its frequency range, and 
no tuning is required, 

Model 486A mounts are designed for 2.6 to 40 GHz wave- 
guide systems. Each mount provides a good match over its 
waveguide range; no  tuning is required, 

The  subject of power measurements is covered in detail 
in Hewlett-Packard Application Note 64, “Microwave 
Power Measurement.” This comprehensive Note discusses 
principles of operation, techniques of measurement, inter- 
pretation of results, and accuracy considerations, Applica- 
tion Note 64  is available upon request from any Hewlett- 
Packard Field Office. 

X486A 
M486A 

8.20 to  1.24 1.5 100 $145 
1.5 100 $195 10.0 to 15.0 

P486A 
K486A2 
R486A2 

1.5 100 $195 12.4 to 18.0 
18.0 to 26.5 2.0 200 $300 
26.5 to 40.0 2.0 200 $375 
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8402B Power Meter Calibrator 
Full-scale calibration and meter tracking of H P  431 Power 

Meters can be verified with the 8402B. In addition, the Power 
Meter Calibrator can be used to determine operating resis- 
tance of the thermistors in the thermistor mount used with 
a particular 431 and to improve on the basic accuracy of the 
431 Power Meter with the dc substitution technique. 

Specifications, 8402B 
Calibration function 

Calibration points: output currents corresponding to 0.01, 
0.03, 0.1, 0.3, 1.0,  3.0, 10.0, 8.0, 6.0, 4.0, and 2.0 
m W .  

Calibration current uncertainty: &0.O5yG, + 2 0  to 
+3OoC; &0.2%, 0 to +55”C.  

Power meter calibration uncertainty: 2 x current uncer- 
tainty + thermistor operating resistance uncertainty 
( t 0 . 1 6 % ,  +20 to +30°C;  &0.46%, 0 to +55OC). 

Thermistor operating resistance function 
Resistance center values: 100 and 200 ohms. 
Range: *0.5% about center values in 0.1% steps. 
Uncertainty: t 0 . 0 6 7 0 ,  

Range: 1 pW to 10 m W  (precision differential or digital 
voltmeter required-voltmeter input resistance 2 10 
megohms required for negligible loading effect). 

Uncertainty: t (0 .06% + thermistor operating resistance 
uncertainty + 2 x voltmeter uncertainty), 0 to + 5 5 “C. 

DC substitution function 

General 
RFI: meets all conditions specified in MIL-I:6181D. 
Power: 115 or 230 V *lo%, 50 to 400 Hz, approxi- 

mately 3 W. 

Dimensions: 7%’’ wide, 6y2” high, 11” deep from panel 

Weight: net 61/2 lbs (2 ,9  k g ) ;  shipping 9 lbs ( 4 , l  k g ) .  
Price: H P  8402B, $475. 

Thermistor mount calibration systems 
For accurate power measurements, thermistor mount ele- 

ments used with power meter bridges must be calibrated for 
either Effective Efficiency or Calibration Factor. Hewlett- 
Packard offers a series of systems which make such measure- 
ments possible on a swept or stepped frequency basis with 
high transfer accuracy. T h e  system is furnished with one or 
more thermistor mounts which are calibrated by the H P  
Standards Laboratory at six frequencies across the band of 
interest. Traceability to NBS is furnished wherever cur- 
rently available. Calibration is achieved by normalizing the 
readout device to the reference mount so that the readout is 
directly in percentage Calibration Factor or Effective Ef- 
ficiency. Two types of readout are available: a digital volt- 
meter which is programed to display values at  the six cali- 
brated frequencies, and an x-Y recorder which gives a con- 
tinuous presentation across the band. Mounts thus calibrated 
can then be used to advantage with the H P  431C which has 
a. front-panel control to normalize the meter reading to 
account for the correction factor of the mount. 

The Power Calibration System consists of two subsystems. 
One  is the frequency-independent E31-8690A. T h e  other is 
one or more of the E30-8691B through E31-8697A fre- 
quency-dependent subsystem. A total of twelve frequency- 
dependent subsystems are available which collectively cover 
the range from 1 to 40 GHz.  For further information, con- 
tact the nearest Hewlett-Packard Sales Office. 

(197 x 165 x 279 mm). 
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Frequency 1 Ma;$m 1 range* I Model HP GHz 

MICROWAVE POWER METER 
Reads directly in mW and dBm, 0.01 to lOmW 

Models 430C; 477B, 487 Thermistor Mounts 

Price 

The H P  430C reads rf power directly in dBm or mW- 
and completely eliminates tedious computation and trouble- 
some adjustments during operation. The  instrument may be 
used at any frequency for which there are bolometer mounts 
-and measurements are entirely automatic. 

In measuring power, H P  430C uses a bolometer at either 
100- or 200-ohm levels. Power is read directly in milliwatts, 
0.01 to 10 m W ,  or in dBm from -20 to + I O .  Higher 
powers may be measured by adding attenuators to the system. 
Directional couplers also may be used to sample energy. 

When used in an appropriate bolometer mount, instru- 
ment fuses are generally satisfactory for measuring power at 
frequencies up to 4 GHz.  Barretters and thermistors can be 
used for measurements at much higher frequencies, up to 
12.4 GHz  for barretters (in HP mounts) and up to 40 GHz 
for certain thermistors. 

Hewlett-Packard waveguide bolometer mounts for the 
430C are available covering, collectively, the frequency spec- 
trum from 2.6 to 40  GHz.  In addition, Model 477B 
Thermistor Mount covers the frequency spectrum from 10 
MHz to 10 GHz.  

Specifications, 430C 
Power range: 5 ranges, front-panel selector; full-scale read- 

ings of 0.1, 0.3, 1, 3, and 10 m W ;  also continuous 
readings from -20 to + 10 dBm. 

External bolometer: frequency range depends on bolometer 
mount; bolometers can operate at resistance levels of 100 
or 200 ohms and can have positive or negative tempera- 
ture coefficients; any dc bias current up to 1 6  mA is 
available for biasing bolometers; dc bias current is con- 
tinuously adjustable and independent of bolometer re- 
sistance and power level range. 

Accuracy: & 5 %  of full scale. 
Power: 115 or 235 V t l O % ,  50 to 400 Hz, 90 W. 
Dimensions: cabinet: 71/2” wide, 1154’’ high, 141/4” deep 

(191 x 292 x 362 mm)  ; rack mount: 19” wide, 7” high, 
131/s” deep behind panel (483  x 178 x 333 m m ) .  

Weight: net 14 Ibs (6,3 k g ) ,  shipping 16 lbs (?,2 kg) 
(cabinet); net 18 Ibs (8,1 kg); shipping 27 lbs (12,2 
kg) (rack mount ) ,  

Accessory Available: 11528A Adapter, adapts H P  4?8A, 
486A, 8478B Thermistor Mounts for use with 430C, 
$10. 

Price: H P  430C, $295 (cabinet); HP 430CR, $300 (rack 
mount ) .  

477B Thermistor Mount 
This coaxial thermistor mount, designed for use in 50- 

ohm systems with the HP 430C, covers 10 MHz to 10 GHz 
with an swr of less than 1.5. It requires no tuning and 
employs long-time-constant elements that assure measure- 
ment accuracy - even for low duty cycle pulses. In addition, 
it is not susceptible to burnout even at 1 watt peak. 

Specifications, 477B 
Frequency range: 10 MHz to 10 GHz.  
Reflection Coefficient: full range, <0.2 (1 .5  swr, 14 dB 

return loss); 50 MHz to 7 GHz,  <0 .13  (1 .3  swr, 17.7 
dB return loss). 

J487B 
H487B 
X487B 
P487B 

1 1  430C 

1.5 5.3 - 8.2 $ 90 
1.5 7.05 - 10.0 $ 80 

$ 75 8.2 - 12.4 1.5 
1.5 12.4 - 18.0 $110 

H487B 477B 

Power range: 0.01 to 10 m W  (with H P  430C) .  
Element: 200-ohm, negative temperature coefficient thermis- 

tor included; approx. 13 mA bias required. 
RF connector: Type N male. 
Price: H P  477B, $75. 

487 Waveguide Thermistor Mounts 
Hewlett-Packard Series 487 instruments, for use with 

H P  430C Power Meters, collectively cover frequencies from 
5.3 to 18 GHz. Each 487 series mount covers the full fre- 
quency range of its waveguide band and requires no tuning. 
The long time constant of the mount makes it ideal for meas- 
uring average power of low duty cycle pulses. Burnouts are 
virtually impossible. All models may be used to measure a 
maximum average power of 10 m W .  

Specifications, 487 

*HP 486A Waveguide Thermistor Mounts are available in  S- through A-band (2.6 
t o  40 GHz); 11528A Adapter required. 



382 

Features 
Measures true peak power 1 0 . 6  dB absolute 
Measurement completely independent of repetition 

Readily standardized against external bolometer 

Incorporates wide-band (7 M H z )  detector output for 

The H P  8900B Peak Power Calibrator provides a 
convenient means for measuring the peak rf power of 
pulses in the range from 50 to 2000 MHz. The  power level 
is read out directly on the panel meter and is completely 
independent of repetition rate and pulse width (>0.25 
psec) , The instrument consists basically of a precision 
terminated input circuit, diode detector, dc reference supply, 
meter and a chopped video output system, 

In operation, the rf signal is applied to the input circuit, 
which, through a power splitter, feeds the diode detector. 
The  demodulated diode output and the output of the dc 
reference supply are simultaneously fed to the video output 
through a mechanical chopper. In making a measurement, a 
suitable external oscilloscope is connected to the video out- 
put, and the dc reference voltage is adjusted so that it is 
exactly equal to the peak value of the demodulated pulse. 

rate and pulse width (>0.25 psec) 

or calorimeter 

pulse monitoring 

Panel meter readout 
The level of the required dc reference voltage is then 

indicated on the panel meter, calibrated to read peak rf 
power. The  diode is operated in a biased condition for 

maximum stability of calibration. Provision is made, how- 
ever, for readily standardizing the instrument against an ex- 
ternal bolometer or calorimeter by simply connecting to a 
rear-panel output in place of a standard termination, 

Specifications 
Radio frequency measurement characteristics 

RF range: 50 to 2000 MHz. 
RF power range: 200 m W  peak full scale (may be readily 

increased through use of external attenuators or direc- 
tional couplers). 

RF power accuracy: t 1 . 5  dB ( k 0 . 6  dB with custom cali- 
bration curve), 

RF power precision: 0.1 dB. 
RF pulse width: >0.25 p e c .  
RF repetition rate: 1.5 M H z  maximum. 
RF impedance: 50 ohms, 
RF vswr: <1 .25 .  

Level: >0.2 volt for 20 m W  input (nominal).  
Impedance: 150 ohms nominal. 
Bandwidth: >7 MHz. 

Dimensions: 7%” wide, 6y8” high, 11” deep (197 x 

Weight: net 10 Ibs (4,5 k g ) ;  shipping 13 lbs (5,9 kg) .  

Monitor output 

Physical characteristics 

156 x 279 mm).  

Power: 105 to 125 or 210 to 250 volts, 50 to 60 Hz. 
Price: H P  8900B, $485; custom calibration curve, $75. 
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DC 
0 to 1 GHz 
1 to 4 GHz 

With the 434A, measurement is literally as simple as connect- 
ing to a 50-ohm Type N front-panel terminal and reading 
power directly. The instrument has only two simple front-panel 
controls and is ideal for use by non-technical personnel. 

Model 434A fills the important range between bolometer- 
type microwave power meters such as HP 431c and conven- 
tional calorimeters whose lower range is approximately 10 
watts. But, unlike previous cumbersome and costly equipment 
suggested for its range, the HP 434A is completely self-con- 
tained and requires no external detectors. In addition, the wider 
frequency response permits the unit to be conveniently cali- 
brated by the application of a known dc power. 

Rapid response time 
Model 434A employs a self-balancing bridge and a high- 

efficiency heat transfer system to and from an oil stream to 
provide a full-scale response time of 5 seconds or less. This 
fast reaction, a fraction of the response time needed by ordinary 
calorimeters, means the 434A quickly follows small power 
changes, such as may be encountered in tuning. 

Basically, the Model 434A consists of a self-balancing bridge 

0.5 70 2% 
1% 3% 
2% 4 qf 

two legs, an indicating meter and two load resistors, one for 
the unknown input power and one for the comparison power. 
The input load resistor and one gauge are in close thermal 
proximity so that heat generated in the input load resistor heats 
the gauge and unbalances the bridge. The unbalance signal is 
amplified and applied to the comparison load resistor which is 
in close thermal proximity to the other gauge so that the heat 
generated in the comparison load resistor is transferred to its 
gauge and nearly rebalances the bridge. 

The meter measures the power supplied to the comparison 
load to rebalance the bridge. The characteristics of the gauges 
are the same, and the heat transfer characteristics from each 
load are the same, so the power dissipated in each load is the 
same, and the meter may be calibrated directly in input power. 

The power measurement is accurate because the flow rates 
through the two heads are the same and the oil enters the heads 
at nearly the same temperature. To  insure constant temperature 
and to bring the streams to nearly the same temperature, they 
are passed through a parallel-flow heat exchanger just prior to 
entering the heads. Identical flow rates are obtained by placing 

4 to 10 GHz 
10 to 12.4 GHz 

which has identical temperature-sensitive resistors (gauges) in all elements of the oil system in series. 

3% 5 %  
4% 5% 

.... . - . . *. . --. .. .. .. . . .. .. 

~ ~~ 

Specifications 

Input power range: seven meter ranges; full-scale readings of 0.01, DC input resistance: 50 ohms + 5  ohms at Type N input jack. 
0.03, 0.1, 0.3, 1, 3 and 10 watts; meter scale also calibrated 
from - 10 to 0 dBW, providing continuous readings from -30 
to + 10 dBW; power range can be extended upward with atten- 
uators or directional couplers. 

Maximum input power: 1 kW peak; 10 watts average 
Frequency range: dc to 12.4 GHz. 
Accuracy: within 2 5 %  of ful l  scale; includes dc calibration and 

rf termination efficiency but not mismatch loss; greater accuracy 
can be achieved through appropriate techniques. 

Estimated attainable accuracy 

I I Upper ranges 1 TWO lowest ranges] 

Reflection Coefficient: dc to 5 GHz, <0.13 (1.3 SWK, 17 7 dB 
return loss) ; 5 to 11 GHz, <0.2 (1 .5  swr, 14 dB return loss ) ;  
11 to 12.4 GHz, <0.26 (1.7 swr, 11.7 dB return loss). 

Meter response time: less than 5 seconds for full-scale deflection. 
Internal calibrator: 100 mW dc 

Power: 115 or 230 volts &lo%,  50 to 60 Hz approximately 180 
watts with no input, 200 watts with 10 watts input. 

Dimensions: cabinet: 20%’’ wide, 1 2 % ”  high, 14” deep (527x 
324 x 356 mm) ; rack mount: 19” wide, 10-15/32” high, 131/2” 
deep behind panel (483 x 266 x 343 mm), 

Weight: net 49 1bs (22,1 kg), shipping 59 Ibs (26,6 kg) (cabinet) ; 
net 43 Ibs (19,4 kg), shipping 5 3  Ibs (23,9 kg)  (rack moun t ) .  

Accessories available: 281A,B Waveguide-to-Coax Adapters (see 

into 45 to 5 5  ohms. 

Coax-Waveguide) ; K02-434A DC Test Set (for more ac- 
curate power measurements), $1000. 

mount). 
Price: HP 434A, $1600 (cabinet); HP 434AR, $1585 (rack 
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In microwave communications, radar, 
etc., the weakest signal that can be de- 
tected is usually determined by the 
amount of noise added by the receiving 
system. Thus, any decrease in the 
amount of noise generated in the receiv- 
ing system will produce an increase in 
the output signal-to-noise ratio equiva- 
lent to a corresponding increase in re- 
ceived signal. From a performance stand- 
point, an increase in the signal-to-noise 
ratio by reducing the amount of noise in 
the receiver is more economical than in- 
creasing the power of the transmitter. 

The quality of a receiver or ampli- 
fier is expressed in a figure of merit, or 
noise figure. Noise figure is the ratio, ex- 
pressed in dB, of the actual output noise 
power of the device to the noise power 
which would be available if the device 
were perfect and merely amplified the 
thermal noise of the input termination 

NOISE FIGURE METERS;SOURCES 
Automatic noise figure measurements to 18 GHz 
Models 340B, 342A; 343A1 345B1 347A1 349A 

rather than contributing any noise of its 
own. 

The Hewlett-Packard system of auto- 
matic noise figure measurement depends 
upon the periodic insertion of a known 
excess noise power at the input of the 
device under test. Subsequent detection 
of noise power results in a pulse train 
r I 

o i v , c r  
, H a l  l r l l  

,NPY, EICTSI 
Tirr,NmO* 3;;;;z 

L .-_-_-__ ~~ I I 
F igure  1. A u t o m a t i c  no ise  f i g u r e  measure -  
m e n t  sys tem.  

Advantages: 
Reads noise figure directly in dB 
Completely automatic measurement 
Easily used by non-technical personnel 
No periodic recalibration needed 
Fast response; ideal for recorder operation 

Uses: 
Measure noise figure in microwave or radar 

Compare unknown noise sources against known 

Adjust parametric amplifiers for optimum 

receivers, rf and IF amplifiers 

noise levels 

noise figure 

of two power levels. The power ratio of 
these two levels contains the desired 
noise figure information. Hewlett-Pack- 
ard noise figure meters automatically 
measure and present this ratio directly 
in dB of noise figure. 

Noise figure is discussed in detail in 
Hewlett-Packard Application Note 5 7 ,  
which is available from your local 
Hewlett-Packard field office upon request. 
Application Note 57 ,  “Noise Figure 
Primer,” derives noise figure formulas, 
describes general noise figure measure- 
ments and discusses accuracy considera- 
tions. One of the measurement systems 
discussed in Application Note 57 is 
shown in Figure 1. The portion of the 
diagram within the dashed box is a sim- 
plified block diagram of the H P  340B and 
342A Noise Figure Meters, and the ex- 
cess noise source could be any of the noise 
sources described on these pages. 

Receiver and component alignment jobs which once took 
skilled engineers a full hour are now done in 5 minutes by 
a semi-skilled worker. Receiver noise figure often can be 
improved over the best adjustment previously possible. For 
instance, a 3 dB improvement in receiver noise figure is 
equivalent to doubling transmitter output. Since accurate 
alignment is easy, equipment is better maintained and peak 
performance enjoyed regularly. 

These are some of the time-saving, cost-cutting advan- 
tages of Hewlett-Packard noise figure measuring equipment, 
Models 340B and 342A, when used with coaxial and wave- 
guide noise sources. 

Model 340B Noise Figure Meter, when used with a n H P  
noise source, automatically measures and continuously dis- 

I 340B I 
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Excess 
HP Range noise 

Model (OH4 (dW 

plays the noise figure of I F  or rf amplifiers tuned to 30 or 
60 M H z  and of radar or microwave receivers with interme- 
diate frequencies of 30 and 60 MHz.  Collectively, H P  noise 
sources cover frequencies from 10 MHz to 18  GHz. 

Five-frequency operation 
Model 342A Noise Figure Meter is similar to H P  340B, 

except that it operates on five frequencies between 30 and 
200 MHz.  Four of these frequencies are normally 60, 70, 105 
and 200 MHz;  the fifth is the basic 342A tuned amplifier 
frequency of 30 MHz. 

In operation, a noise source, either a gas discharge tube 
or  a diode, is connected to the input of a device under test. 
The  I F  amplifier output of the device is connected to the 
340B or 342A. The  noise figure meter gates the noise source 
on and off. When the source is on, the noise level is that of 
the device, plus the noise source. When the source is off, 
the noise level is that of the device and its termination, The  
noise figure meter automatically compares these two condi- 
tions and presents noise figure directly on a front-panel 
meter. Rate of response is such that changes in noise figure 
are constantly indicated on the meter. 

Approx. length 

(in.) (mm) Price 

Noise sources 
Hewlett-Packard 343A V H F  Noise Source: Specifically 

for I F  and rf amplifier noise measurement, a temperature- 
limited diode source with broadband noise output from 10 
to 600 MHz with 50-ohm source impedance and low swr. 

Hewlett-Packard 345B IF Noise Source: Operates at 
either 30 or 60 MHz,  as selected by a switch; another selector 
permits matching 50-, loo-,  Zoo-, and 400-ohm impedances. 

Hewlett-Packard 347 A Waveguide Noise Sources : Argon 
gas discharge tubes mounted in waveguide sections; for 
waveguide bands 2.6 through 18  GHz,  they provide uniform 
noise throughout the range; maximum swr is 1.2.  

Hewlett-Packard 349A U H F  Noise Source: Argon gas 
discharge tubes in Type N coaxial configuration for auto- 
matic noise figure readings, 400 to 4000 MHz.  

Specifications, 3406 and 342A 
Noise figure range: 5.2 dB noise source, 0 to 15 dB, indica- 

tion to infinity; 15.2 dB noise source, 3 to 30 dB, indica- 
tion to infinity. 

Accuracy (excluding source accuracy): noise diode scale: 
k 0 . 5  dB, 0 to 1 5  dB;  gas tube scale: t 0 . 5  dB, 10 to 25 
dB; 2 1  dB, 3 to 10 dB and 25 to 30 dB; ( for  stated 
accuracy with 343A S-, H-, X- and P347A and 349A 
Noise Sources, correction factor equal to the difference 
between specified excess noise and 15 .2  dB must be ap- 
plied to meter reading). 

input frequency: 340B; 30 or 60 MHz,  selected by switch; 
342A: 30, 60, 70, 105, and 200 MHz,  selected by switch; 
other frequencies available. 

Bandwidth: 1 MHz minimum. 
Input requirements: -60 to -10 dBm (noise source o n ) ;  

corresponds to gain between noise source and input of 
approximately 50 to 100 dB for 5 . 2  dB noise source and 
40 to 90 dB for 15 .2  dB noise source. 

input impedance: 50 ohms nominal. 
AGC output: nominally 0 to -6 V from rear binding posts. 
Recorder output: 1 m A  maximum into 2000 ohms maximum. 
Power input: 115 or 230 volts *lo%, 50 to 60 Hz,  185 to 

435 watts, depending on noise source and line voltage. 

1 S347A I 2.60- 3.95 I 15.1 *0.5 1 22% 572 1 $390 1 
I G347A I 3.95- 5.85 I 15.2 t 0 . 5  I 19 483 I $310 1 

J347A 

X347A 8.20-12.4 15.7 t 0 . 4  14% $225 

P347A 12.4 -18.0 16.0 +0.5 14% $275 

SWR for all models, fired or unfired, 1.2 maximum. 

Specifications, 349A 
Frequency range: 400 to 4000 MHz, wider with correction. 
Excess noise: 15.6 dB 2 0 . 6  dB, 400 to 1000 MHz;  15.7 dB 

k 0 . 5  dB, 1000 to 4000 M H t .  
SWR: <1.35 (fired), <1.5 (unfired) up to 2600 MHz;  

<1.5 (fired or unfired), 2600 to 3000 MHz;  <2 .0  
(fired), <3 .0  (unfired) 3000 to 4000 MHz. 

Dimensions: 3” wide, 2’ high, 15“ long (7Gx 51 x 381 
mm) . 

Weight: net 3% lbs (1,4 k g ) ;  shipping 6 lbs (2,7 kg).  
Price: H P  349A, $325. 
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ANALYZERS WAVE AND DISTORTION -F 
ANALYZERS & 

The choice between a wave analyzer 
and distortion analyzer depends on the 
information desired. The wave analyzer 
is a narrow-band filter which is tuned to 
select and measure the strength of the 
individual Components of a signal one at 
a time (Figure 1) .  (In the frequency 
range from 10 MHz to 40 GHz, wave 
analysis is accomplished with the H P  
S51B/8551B Spectrum Analyzer, see 
pages 394 through 399.) In contrast to 
the frequency selection of wave analy- 
zers, the distortion analyzer is a narrow- 
band rejection filter which, when prop- 
erly tuned, removes the fundamental 
frequency so that the amplitude of the 
remaining components can be measured 
simultaneously (Figure 2 ) .  The distor- 
tion analyzer is used for fast, quantita- 
tive measurements of total distortion; 
whereas the wave analyzer provides de- 
tailed information concerning each har- 
monic and intermodulation product. 

A signal becomes distorted whenever 
it passes through a non-linear circuit or 
network. Percentage distortion is defined 
as 100 times the ratio of the root-mean- 
square sum of the harmonics to the 
fundamental. 

% distortion = 

(A,2 + A,? + A,? + . . . ) Y2 x 100 
A, 

where A, is the rms amplitude of the 
fundamental and A,, A,, A , .  . . are the 
amplitudes of the individual harmonics. 

,TOTAL 
WAVEFORM 

DISTORTION 

AT OUTPUT 
t COM PONENTS 

F igure  2. O u t p u t  s igna l  o f  n o n l i n e a r  sys tem,  w i t h  t h e  f u n d a m e n t a l  f i l t e red  out, is t h e  lower  
t r a c e  on t h e  osc i l loscope 's  screen. The res idua l  o u t p u t  shows  t h a t  a  seeming ly  p u r e  s ine  wave 

does, i n  fac t ,  c o n t a i n  ha rmon ics .  

Distortion analyzers 

Total harmonic distortion ( T H D )  
measurements are made by applying a 
sine-wave signal of high purity to the 
input of a system under test while the 
distortion analyzer measures the system 
output. A tunable notch filter in the an- 
alyzer suppresses the signal fundamental, 
leaving the distortion components to be 

measured by the analyzer's voltmeter cir- 
cuits. The ratio of the measured distor- 
tion components to the total signal out- 
put, including fundamental is defined 
as the distortion and can be read directly 
on the meter. 

The T H D  method is fast in that it is 
only necessary to establish a reference 
level with the filter switched out and 
then make a reading with the filter, tuned 
to reject the fundamental. The measure- 
ment can now be made quickly at several 
frequencies within the passband of in- 
terest. 

Viewing the distortion products pre- 
sented at the distortion analyzer output 
terminals can also provide considerable 
supplementary information about system 
performance (see Figure 2 ) .  Small oscil- 
lations or discontinuities that may not 
be noticeable on the total waveform are 
seen on the oscilloscope display of the 
residuals. Noise, hum, and other non- 
harmonically related interference can 
also be identified. 

Distortion analyzers also provide other 
information about the performance of a 
system. Gain or loss, frequency response, 
and noise may be measured at the same 
time distortion measurements are made 
by using the instrument as a broadband 
ac voltmeter. Figure  1. H a r m o n i c  ana lys is  of s l i gh t l y  u n s y m m e t r i c a l  square  wave. Severa l  h a r m o n i c s  were 

a l lowed t o  r u n  off scale so t h e  smal le r ,  h i g h e r  o r d e r  h a r m o n i c s  a r e  c lea r l y  v is ib le .  
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Distortion analyzers 
The TOTAL HARMONIC DISTOR- 

T I O N  method of analyzing the effects 
of system nonlinearity has been popular 
for a number of years because of the 
speed of making the measurement and 
simplicity of the equipment needed. The 
method is now more practical, permit- 
ting the signal-filtering part of the mea- 
surement to be performed automatically, 

Two 5 Hz to 600 kHz distortion analy- 
zers ( H P  3334 and 334A) have been 
designed with circuits that automatically 
tune the rejection filter to suppress the 
fundamental of the input signal while the 
remaining signal components are mea- 
sured. The operator need only tune the 
filter approximately to the null and 
switch to the automatic mode, where- 
upon the instrument seeks the true null 
and retains it. Distortion measurements 
that formerly required patience and con- 
siderable skill, because of the sharpness 
of the rejection filter, may now be per- 
formed without requiring extensive op- 
erator training. Besides simplifying dis- 
tortion measurements, automatic nulling 
also assures accuracy and repeatability, 
especially if the test signal tends to drift. 

In addition to automatic nulling, Hew- 
lett-Packard Distortion Analyzers have 
undergone other refinements. Distortion 
levels lower than 0.03% are easily re- 
solved since the most sensitive range of 
the distortion-measuring circuits is 0.1% 
full scale (300 pV) and the noise level is 
less than 2 5  pV rms. 

sured, each analyzer has a switchable 
high-pass filter for use with input signals 
higher than 1 kHz. The filter attenuates 
60 Hz power-line interference by more 
than 40 dB. Rear-panel terminals permit 
operation from batteries, should it be de- 
sired to elminate ground loops arising 
from power-line interconnections. 

The H P  332A and 334A Analyzers 
also.have an RF detector for distortion 
measurements of the modulating wave- 
form on the carrier of AM radio trans- 
mitters. A meter with V U  ballistic char- 
acteristics is available in analyzers that 
are to be used for performance checks 
conforming to FCC regulations. 

The basic design of Hewlett-Packard 
Distortion Analyzers essentially follows 
ac voltmeter practice, in that there is a 
low-noise impedance-converter at the in- 
put, followed by an attenuator, a broad- 
band amplifier, an ac-to-dc converter, and 
a meter, as shown in the block diagram 
of Figure 3. The tunable rejection ampli- 
fier is switched in or out as required. 

The impedance converter uses a field- 
effect transistor (FET) to obtain excep- 
tionally high input-impedance and a 
noise level that is less than 2 5  pV referred 
to the input (600 ohm source imped- 
ance). 

The ac-to-dc converter circuit is of the 
type wherein each diode conducts for  a 
full half-cycle. The meter thus responds 
to the average value of the waveform, 
but is calibrated to read the rms value 
of a sine-wave. Ordinarily, any difference 

Figure 3. Elements of Distortion Analyzer Instrument function as broadband calibrated ac volt- 
meter in 'Voltmeter' mode and as signal-level indicator in 'Set Level' mode. In 'Distortion' mode, 
Rejection Amplifier can be tuned to suppress fundamental frequency of input signal, permitting 

comparison of distortion component's level to total signal level. 

The rejection-filter tuning-range is 5 
Hz to 600 kHz. The voltage-measuring 
frequency range has been extended to 3 
MHz, so the instrument measures fre- 
quency components as high as the fifth 
harmonic of 600 kHz signals. 

To reduce interference from power-line 
hum, if present in the signal being mea- 

between the average-responding meter 
indication and the true rms value, up to 
30%, is of little concern, since the ma- 
jority of distortion measurements are 
relative. If the true rms value of the 
residual waveform is desired, however, 
it is readily found by connecting an rms- 
responding meter to the OUTPUT ter- 
minals of the analyzer. 
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4. Frequency response characteristics 
corners of Wien bridge with and without 
amplifier feedback. Diagram also shows 
plot, which has discontinuity from 

i.90' to -90° at center of rejection notch. 

The OUTPUT terminals supply a 
voltage proportional to the current sup- 
plied to the meter rectifiers. The output 
is taken from the calibration network in 
the feedback circuit of the meter ampli- 
fier, so at frequencies up to 600 kHz the 
output waveform is not subject to the 
diode cross-over distortion that has been 
characteristic of earlier average-respond- 
ing circuits. Maximum output, corres- 
ponding to full-scale meter deflection, 
is 0.1 V rms. 

During a distortion measurement, the 
fundamental component of the signal is 
rejected by the tunable Wien bridge in 
the interstage-coupling network of the 
rejection amplifier. To prevent attenua- 
tion of harmonics, the distortion analyzer 
uses feedback around the rejection am- 
plifier to flatten the overall response, ex- 
cept in the deepest part of the notch 
where the Wien bridge attenuation is 
greater than available amplifier gain. 
With feedback, sharpness of the null is 
increased, as shown by the dotted line in 
Figure 4.  The notch width is only 0.007% 
of the center frequency at the -70 dB 
points and the second harmonic is atten- 
uated typically less than 0.2 dB within 
a fundamental range of 20 Hz to 20 
kHz, while the fundamental is attenuated 
more than 80 dB. 

Automatic null 
The automatic nulling system is based 

on the phase characteristics of the Wien 
bridge, plotted as the dashed line in Fig- 
ure 4. 

As shown, the phase of the residual 
signal across the corners of the bridge 
lags the driving signal by 90" if the 
bridge is tuned slightly below the signal 
frequency; it leads by 90" if the bridge is 
tuned above. A phase-sensitive detector 
therefore is able to sense any mistuning 
and is able to indicate the direction that 
a correction should take. Automatic re- 



adjustment is provided by photoconduc- 
tors in the arms of the bridge. 

The null-seeking circuits are able to 
track frequency deviations of at least 1%. 
If the frequency should vary, typical in- 
strument-response time is on the order of 
5 seconds for a 1% step change in fre- 
quency, assuring minimum delay in the 
measurement compared to manual nulling. 

The bridge is self-compensating for 
temperature changes. The servo action 
of the automatic nulling circuitry main- 
tains the null at all times, even though 
photoconductors tend to drift with 
changes in temperature. 

Automatic nulling greatly simplifies 
using a distortion analyzer and makes 
certain that the null is retained, assuring 
accuracy and repeatability. Automatic 
nulling is also less subject to certain tun- 
ing errors. For instance, experience has 
shown that there may be slight differ- 
ences between the null obtained by man- 
ual tuning and that obtained by use of 
the “Automatic” mode. 

This can occur if the phase of the har- 
monics is such that a small amount of 
fundamental reduces the total area of 
the residual waveform. Slight manual 
mistuning of the rejection amplifier may 
result in an artificially low null. On the 
other hand, the phase detectors of the 
automatic nulling system respond pri- 
marily to the magnitude of the funda- 
mental and do not attempt to minimize 
the total waveform passed to the meter- 
ing circuit. Hence, automatic nulling is 
less subject to this type of error. 

RF detector 
The broadband RF detector in the 

Hewlett-Packard analyzers is untuned 
and accepts RF singals greater than 1 V 
within a range of 550 kHz to 65 MHz. 
In the broadcast band (550-1600 kHz),  
the detector introduces less than 0.3% 
distortion on 3-8 V rms carriers modu- 
lated 30%. 

Battery operation 
Terminals on the rear panel connect 

to the power supply regulators in the 
analyzer, permitting the instrument to be 
operated from batteries when it is ad- 
vantageous to eliminate ground loops 
arising from power- line inter-connects. 
Two batteries are required, each within a 
voltage range of 28 to 50 V, and each 
capable of supplying 80 mA. 

The switched high-pass filter in the 
Automatic Nulling Distortion Analyzer 
removes ac pickup that may interfere 
with the measurement. It attenuates 60 
Ht hum components by more than 40 dB. 

The Distortion Analyzer just described 
is one of four Hewlett-Packard Analyzers 

using the same measuring circuitry with 
wide-filter tuning range (5  HZ to 600 
kHz) and broad voltmeter frequency 
range (up to 3 MHz) .  

For applications where lower initial 
cost is more important than speed and 
convenience of automatic nulling, Models 
331A and 332.4 have precision mechani- 
cal drives for accurate manual tuning 
without automatic nulling (switched 
high-pass filter is also omitted). Model 
332A has an RF detector, but Model 
331A does not. 

Model 333A is identical to the Model 
334A Automatic Nulling Distortion An- 
alyzer except that the RF detector is 
omitted. 

Wave analyzers 
The wave analyzer is a highly selective 

voltmeter. In operation the instrument 
is tuned to the frequency of the signal 
component to be measured. The ampli- 
tude of this component is read directly 
on the front-panel meter. Analysis of 
a complex waveform with a wave analy- 
zer permits measurement of intermodula- 
tion ( IM)  distortion, harmonic content 
(Figure I ) ,  and any spurious compo- 
nents such as hum which may appear in 
the input signal. Such information is use- 
ful, for instance, in the design and testing 
of amplifiers, mixers, and oscillators. In 
analysis of waveforms obtained from vi- 
bration systems, system resonance can be 
pinpointed by the presence of larger than 
normal harmonic components. 

Hewlett-Packard wave analyzers are 
heterodyning tuned voltmeters, which 
means simply that the input signal is 
heterodyned to a higher intermediate 
(IF) frequency by an internal local os- 
cillator. Filtering is performed in the IF 
amplifiers, so the instrument’s passband 
remains constant regardless of the instru- 
ment’s tuning. Tuning the local oscillator 
shifts the various signal frequency com- 
ponents into the passband of the IF am- 
plifiers. The output of the IF amplifiers 
is rectified and supplied to the metering 
circuit. 

A tuning capacitor designed and built 
by Hewlett-Packard is used in the oscilla- 
tor circuits of the 302A and 310A. This 
capacitor provides a linear rotation-vs.- 
frequency characteristic which facilitates 
tuning because the distance between fre- 
quency increments on the dial is constant 
throughout the tuning range of the in- 
strument. The 312A uses a synthesis 
technique to provide a highly stable local 
oscillator, and the tuned frequency is in- 
dicated on an electronic counter which 
provides a digital readout with 2 1 0  Hz 
resolution. Thus all three wave analyzers 
separate closely spaced signals as easily 
at the high end of the tuning range as at 
the low end. 

Two attenuators ensure that low-level 
harmonic content can be read with ac- 
curacy. The input attenuator is set ac- 
cording to the amplitude of the input 
signal, allowing maximum input ampli- 
tude without overloading of the linear 
amplifier and modulator. The second at- 
tenuator, in the IF amplifier and metering 
circuit, permits the amplitudes of har- 
monic components to be read with ac- 
curacy over as much as a 75 dB range. 

Hewlett-Packard wave analyzers cover 
a broad frequency range from below 20 
Hz up to 22  MHz. Model 302A covers 
the important audio frequency range, 20 
Hz to 50 kHz. The 310A provides cover- 
age in the video range 1 kHz to 1.5 MHz. 
The new 312A (see Communications 
Section, page 294) extends this coverage 
to 18 MHz (22 MHz with the HOl- 
312A) for testing of multiplex commu- 
nications systems, IF and video amplifiers 
and filters, etc. 

IF Bandwidth is one of the most im- 
portant characteristics of a wave analy- 
zer. The 7 Hz bandwidth of the Model 
302A permits the separation of very 
closely spaced signals. Models 310A and 
312A offer front panel selection of thiee 
bandwidths: 200 Hz for maximum reso- 
lution; 1000 Hz to simplify calculations 
of noise-pouer/Hz measurements; an2 
3000 Hz for operation of the wave analy 
ter as a receiver. In this mode, IF band- 
width is sufficient to recover voice modu- 
lation from either standard AM or 
single sideband systems (a carrier rein- 
sertion oscillator is provided to permit 
detection of either normal or inverted 
single sideband transmissions.) 

An important use of wave analyzers is 
plotting amplitude vs. frequency, that is, 
frequency response characteristics of am- 
plifiers,* filters, attenuators, etc. A 
“tracking” oscillator, automatically tuned 
to the same frequency as the wave analy- 
zer, greatly simplifies such measurements. 
Models 302A and 310A include an in- 
ternal tracking oscillator. Model 31 3A 
Tracking Oscillator provides this func- 
tion for the 312A Wave Analyzer. Semi- 
automatic plots of amplitude vs. fre- 
quency can be made using the Model 
27A Sweep Drive and an X-Y Recorder. 

Automatic frequency control, an im- 
portant feature of Hewlett-Packard wave 
analyzers, greatly facilitates wave analy- 
sis. Because of the narrow passband of 
these instruments (less than 7 Hz in the 
Model 302A) a slightly unstable input 
signal can easily drift out of the passband 
during measurement. The automatic fre- 
quency control locks the analyzer’s tuning 
to the frequency of the signal component, 
so that measurements are not affected by 
drift in the source signal. 
*See Hewlett-Packard Application Note 59, “Loop 

Gain Measurements w i th  HP Wave Analyzers.” for  
a more complete discussion. 
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302A 

-- 

297A mounted on 302A 

The H P  302A Wave Analyzer functions as a highly selective tuned 
voltmeter separating the input signal into its individual components 
so that each-the fundamental, harmonics and any intermodulation 
products-may be evaluated separately. 

The instrument operates by mixing the input signal with an inter- 
nal oscillator adjusted to provide a difference frequency of 100 kHz. 
An automatic frequency control circuit maintains a constant differ- 
ence frequency between the input and oscillator signals. This insures 
accurate measurements despite frequency drift in the input signal. 
After the input signal is mixed with a voltage from the internal oscil- 
lator, the 100 kHz difference signal is passed through a narrow-band 
crystal filter, amplified and metered. 

Frequency restorer 
A frequency restorer circuit makes accurate frequency measure- 

ments possible at each component frequency of the input wave. The 
frequency restorer circuit supplies a sinusoidal signal at the frequency 
of the specific component to which the 302A is tuned. This signal can 
be measured on an electronic counter or observed on an oscilloscope. 
The amplitude of the restorer signal is determined by the level of the 
selected component. 

Model 302A also is particularly useful for measuring small s i g  
nals on noisy systems or transmission lines. When the mode selector 
is switched to “BFO” the instrument becomes an oscillator and tuned 
voltmeter automatically tuned by one control to the same or oscillator 
frequency. The selective tuned voltmeter then discriminates against 
the noise and measures the desired signal. Speed and accuracy of 
measuring are enhanced by a linearly calibrated tuning control giving 
the same “tuning feel” throughout the range. 

Specifications, 302A 
Frequency range: 20 to 50,000 Hz.  
Frequency calibration: linear graduation 1 division per 10 Hz. 
Dial accuracy: * ( 1 %  + 5 H z ) .  
Voltage range: 30 PV to 300 V full scale, 15  ranges in a 30, 100, 

300 sequence; ranges provided by input attenuator and a meter 
range switch in steps of 1:3 or 10 d B ;  meter range is indicated by 
a dial mechanically linked with the input attenuator; an absolute- 
relative switch, in conjunction with a variable 10 dB control, is 
provided for adjustment of intermediate values. 

Warm-up time: none. 
Voltage accuracy: & 5 %  of full scale value. 
Residual modulation products and hum voltage: greater than 

75 dB down. 
Intermediate frequency rejection: intermediate frequency present 

in input signal rejected by at least 75 dB. 
Selectivity: k 3 . 5  Hz  bandwidth at least 3 dB down, * 2 5  Hz 

bandwidth at least 50 dB down, 1 7 0  Hz bandwidth at least 80 
dB down; beyond *70 Hz bandwidth at least 80 dB down. 

Input impedance: determined by setting of input attenuator: 100,- 
000 ohms (<IO0 pF  shunt) on 4 most sensitive ranges; 1 meg- 
ohm ( < 2 0  pF shunt) on remaining ranges. 

Restored frequency output: 1 volt across 600 ohms at output ter- 
minals for full-scale meter deflection; output voltage proportional 
to meter reading; output level control provided; frequency re- 
sponse *2%, 20 to 50,000 H z ;  output impedance approximately 
600 ohms. 

Oscillator output: 1 volt across 600 ohms at output terminals 
(mode selector in BFO) ; output level control provided; frequency 
response * 2 % ,  20 to 50,000 H z ;  output impedance approxi- 
mately 600 ohms. 

Recorder output: 1 mA dc into 1500 ohms or less at full-scale 
meter indication ; for grounded or ungrounded recorders. 

Automatic frequency control: range of frequency hold-in is k 100 
Hz minimum. 

Power: 115 or 230 V * l o % ,  50 to 400 Hz, 3 W (approx.)  ; termi- 
nals are provided for powering instrument from external battery 
source; battery supply range 28 V to 18 V. 

Dimensions: cabinet: 203/4“ wide, 121/2” high, 141/,” deep (527 x 
318 x 368 mm) ; rack mount: 19” wide, 10-15/32” high, 14” deep 
behind panel (483 x 266 x 356 m m ) .  

Weight: net 43 Ibs (19,5 kg ) ,  shipping 53 Ibs (23,9 kg)  (cabinet);  
net 3 5  Ibs (16 k g ) ,  shipping 49 Ibs (22,1 kg) (rack mount) .  

Price: H P  302A, $1800 (cabinet);  H P  302AR, $1785 (rack 
mount).  

297A Sweep Drive 
The 297A is a motor drive unit designed to enhance the usefulness 

of the H P  302A, 310A or 312A Wave Analyzer. With the 297A you 
may sweep through all or any part of the 302A range. Because the 
297A produces an x-axis output, you may easily make semi-automatic 
plots of harmonics, intermodulation products and response charac- 
teristics with an X-Y recorder such as Model 7035~4. 

The 297A also may be used to drive other tunable devices through 
their ranges. A stand ( H P  11505A) allows the shaft height to be ad- 
justed from 4 to 12 inches (102 to 305 mm) .  

Specifications, 297A 
Sweep limits: any interval from 64 revolutions to 10 degrees. 
Sweep speed with 302A: 170 and 17 Hz/sec. 
Shaft speed: 10 rpm, 1 rpm, and neutral; other shaft speeds avail- 

Sweep voltage output: at least 12 volts maximum; full output is 

Torque: 9 in-oz at 10 rpm (approx. 2 2  in-oz max. at 1 rpm) .  
Power: 115 volts *IO%, 60 Hz, 12 watts running or stalled. 
Weight: net 4% Ib (1,9 k g ) ,  shipping 7 Ib (3,2 kg ) .  
Price: H P  297A, $350; H P  H03-297A (230 V, 50 H z ) ,  $375. 

able on special order; neutral permits manual operation. 

obtained with either 2.1 or 50 revolutions of the shaft. 
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Voltage accuracy: i:6% of full scale. 
Internal calibrator stability: &I% of full scale. 
Dynamic range: greater than 75 dB. 
Noise and spurious response: at least 75 dB below a full-scale 

reference set on the 0 dB position of Range switch. 
Input resistance: determined by input attenuator; 10 k ohms on 

most sensitive range; 30 k ohms on next range; 100 k ohms on 
other ranges; shunt capacitance < l o 0  pF on three most sensitive 
ranges, < 50 pF on other ranges. 

Automatic frequency control: dynamic hold-in range is i: 3 kHz, 
minimum, at 100 kHz;  tracking speed is approximately 100 
Hz/sec; locks on signal as low as 70 dB below a full-scale refer- 
ence set on the 0 dB position of the Range switch. 

Restored-frequency output: restored signal frequency maximum 
output is at least 0.25 volt (meter at full scale) across 135 ohms, 
with approximately 30 dB of level control provided; output im- 
pedance approximately 135 ohms. 

BFO output: 0.5 V across 135 ohms with approx. 30 dB of level 
control provided; output impedance approx. 135 ohms. 

Recorder output: 1 V dc into an open circuit from 1000-ohm 
source impedance for single-ended recorders; output of 1 mA dc 
into 1500 ohms or less available on special order. 

Receiver function (Aural or Recording provision): internal car- 
rier reinsertion oscillator is provided for demodulation of either 
normal or inverted single sideband signals ; AM Agnal also can be 
detected. 

RFI: conducted and radiated leakage limits are below those specified 
in MIL-I-6181D. 

Power: 115 or 230 V * l o % ,  50 to 400 H z ;  approx. 16 W. 
Dimensions: 16%'' wide, 10?/4'' high, 183/8" deep (426 x 274 x 

467 mm)  ; hardware furnished for conversion to rack mount 19" 
wide, 10-15,/32" high, 16%" deep behind panel (483 x 266 x 416 
m m ) .  

Weight:. net 45 lbs (20,3 kg) ; shipping 53 lbs (23,9 k g ) .  
Accessories available: 1lOOlA Cable Assembly, $5.50; 10503A 

Cable Assembly, $6.50; 1 O l l l A  Adapter, $7 ;  297A Sweep Drive, 
$358; l l505A Bench Stand for 297A2, $25; K02-310A Bracket 
for mounting the 297A when the 3lOA is rack-mounted, $35. 

Price: H P  3lOA, $2200. 

Options 
01. Internal frequency calibrator providing check points every 100 

kHz;  interpolation accuracy (between check points) : *2 
kHz up to 1.4 MHz, *3 kHz between 1.4 and 1.5 MHz, add 
$105. 

02. dB scale uppermost on meter face and extended to -25 dB;  
add $25. 

For signal analysis to 18 MHz, see HP Model 312A in the Communications Section 
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333A 

334A 

331A 

334A 

X X Option: 01 

x X X Option : 01 

Description 

Distortion Analyzers have gone solid-state, offering ex- 
tended tuning range, greater set-level sensitivity, improved 
selectivity and greater overall accuracy. T h e  Model 331A, 
33214, 333A, 334A Distortion Analyzers measure total dis- 
tortion down to 0.1% full scale at any frequency between 
5 Hz to 600 kHz;  harmonics are indicated up to 3 MHz.  
These instruments measure noise as low as 50 microvolts, 
and measure voltages over a wide range of level and fre- 
quency, All four models may be used as sensitive wide- 
range transistorized voltmeters for general-purpose voltage 
and gain measurements. 

Automatic Fundamental Nulling 

Automatic fundamental nulling (available in H P  Models 
333A and 334A) speeds up the normally time-consuming 
portion of the measurement. This is done by manually null- 
ing with the coarse tuning and balance controls to less than 
10% of the Set-Level Reference, T h e  automatic mode is 
used to complete rejection of the fundamental on more 
sensitive ranges without any further manual tuning. 

Amplitude Modulation Detector 

The H P  Models 332A and 334A Analyzers are provided 
wiih an amplitude modulation detector having a frequency 
range from 550 kHz to greater than 65 MHz.  

The  high-impedance dc restoring peak detector which 
utilizes a semiconductor diode measures distortion at carrier 

levels as low as 1 V. The input to the detector is located 
on the rear of the instrument. T h e  Model 334A is similar to 
Model 332A, but is provided with Automatic Fundamental 
Nulling and a High-Pass Filter. 

High-Pass Filter 

In order to reduce the effect of hum components, a high- 
pass filter is provided which attenuates frequencies below 
400 Hz. T h e  filter may be activated by a front-panel switch 
when measuring distortion of signals greater than 1 kHz in 
frequency. 

High-Impedance Voltmeter 

The transistorized ac voltmeter, part of the H P  331A 
through 334A, provides 13  ranges from 300 p V  to 300 V 
rms full scale. 

Models and available features 

Detector Tuning Meter 

Option : 01 

332A Ootion : 01 
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Range 

100%-0.3% 

Specifications 

* 3% * 6% 1.12% 

10 Hz-1 MHz 10 Hz-3 MHz 

Model 331A 

I 0.1% I 30 Hz-300 kHz 

Distortion measurement range: any fundamental frequency, 
5 Hz to 600 kHz. Distortion levels of O.l%-lOO% are meas- 
ured full scale in 7 ranges. 

Distortion measurement accuracy: 

Harmonic measurement accuracy: 

20 Hz-500 kHz 10 Hz-1.2 MHz 

Fundamental Input Less Than 30 V 

Range * 2 %  * 5 %  

I 0.1% I 30 Hz-300 kHz I 20 Hz-500 kHz 1 10 Hz-1.2 MHz 1 

300 p V  30 Hz-300 kHz 20 Hz-500 kHz 

I 100%-0.3% I 10 Hz-300 kHz I 10 Hz-500 kHz I 10 Hz-3 MHz I 

100 V-300 V 10 Hz-300 kHz 5 Hz-500 kHz 

Elimination characteristics: 

Fundamental rejection >SO dB 
Second harmonic accuracy for a fundamental of: 

5 to 20 Hz: better than + I  dB. 
20 Hz to 20 kHz: better than i 0 . 6  dB. 
20 kHz to 100 kHz: better than -1 dB. 
100 kHz to 300 kHz: better than -2 dB. 
300 kHz to 600 kHz: better than -3 dB. 

to 200 kHz; <0.06% from 200 kHz to 600 kHz. 

sine wave. 

Distortion introduced by instrument: <0.03% from 5 Hz 

Meter indication is proportional to the average value of a 

Frequency calibration accuracy: 
Better than *2% from 10 Hz to 200 kHz 
Better than -3% from 5 to 10 Hz. 
Better than +8% from 200 to 600 kHz. 

Input impedance: distortion mode: 1 megohm shunted by less 
than 60 (”80) pF (10 megohms shunted by <IO pF with H P  
1OOOlA Divider Probe). 
Voltmeter mode: 1 megohm shunted by 30 (“50) pF 1 to 

300 V rms; 1 megohm shunted by 60 ( * . S O )  pF, 300 ,,,V 
to 0.3 V rms. 

Input level for distortion measurements: 0.3 V rms for 100% 
set level or 0.245 V for 0 dB set level. (Up to 300 V may 
be attenuated to set-level reference.) 

DC isolation: signal ground may be &400 V dc from external 
chassis. 

Voltmeter range: 300 ,,,V to 300 V rms full scale ( 13 ranges) 

Voltmeter accuracy: (Using front panel input terminals.) 
10 dB per range. 

Output: approximately 0.1 V rms output for full scale meter 

Output impedance: 2 kilohms 

Power supply: 115 or 230 volts +lo%, 50 to 1000 Hz, approxi- 
mately 4 watts. Terminals are provided for external battery 
supply. Positive and negative voltages between 30 V and SO 
V are required. Current drain from each supply is 40 mA. 

deflection. 

Model 332A 
Same as Model 331A except as indicated below: 

AM detector: high impedance dc restoring peak detector with 
semiconductor diode operates from 550 kHz to greater than 
65 MHz. Broadband input, no tuning is required. 

Maximum input: 40 V p-p ac or 40 V peak transient. 

Distortion introduced by detector: carrier frequency: 550 kHz- 
1.6 MHz: <0,3% for 3-8 V rms carriers modulated 30%. 
1.6 MHz-65 MHz: < I %  for 3-8 V rms carriers modulated 
30%. 
NOTE: distortion idtroduced at carrier levels as low as 1 V 
is normally < I %  550 kHz to 65 MHz for carriers modu- 
lated 30%. 

Model 333A 
Same as Model 331A except as indicated below: 

Automatic nulling mode: 
Set level: at least 0.2 V rms. 
Frequency ranges: X I ,  manual null tuned to less than 3% 
of set level; total frequency hold-in &0.5% about true man- 
ual null. X I 0  through X10 k, manual null tuned to less than 
10% of set level; total frequency hold-in 2 1 %  about true 
manual null. 

Automatic null accuracy: 
5 Hz to 100 Hz; meter reading within 0 to + 3 dB of manual 
null. 100 Hz to 600 kHz; meter reading within 0 to +1.5 
dB of manual null. 

High-pass filter: 3 dB point at 400 Hz with 18 dB per octave 
roll off. 60 Hz rejection >40 dB. Normally used only with 
fundamental frequencies greater than 1 kHz. 

Frequency calibration accuracy: 
Better than &3% from 5 Hz to 200 kHz. 
Better than +8” / ,  from 200 kHz to 600 kHz. 

Power supply: same as Model 331A except current drain from 
each supply is 80 mA. 

Model 334A 
Same as Model 333A except includes AM Detector described 
under Model 332A. 

General 
Weight: net 17% Ibs (7,98 kg) ;  shipping 26 Ibs (11,79 kg) .  

Dimensions: 16%’’ wide, 5-7/32” high, 13%” deep (425,G x 
132,6 x 336,6 mm) .  

Price: H P  331A, $590; H P  332A, $620; H P  333A, $760; H P  
3 3 4 4  $790. 
Option 01, indicating meter has VU characteristics conform- 
ing to FCC requirements for AM/FM and T V  broadcasting; 
add $15. 
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ANALYZERS SPECTRUM ANALYSIS 

Spectrum analysis is the study of 
energy distribution across the frequency 
spectrum for a given electrical signal. 
Evaluation of the relative amplitudes and 
frequencies of the discrete components of 
rf signals yields information on band- 
widths, modulation characteristics, spuri- 
ous signal generation and other valuable 
data impossible or impractical to obtain 
by any other means. 

Microwave spectrum analysis has as- 
sumed added importance since the intro- 
duction of the H P  851B/8551B and its 
versatile accessories. With its fully cali- 
brated controls and displays, plus wide 
spectrum coverage, this analyzer brings 
welcome practicality to frequency-do- 
main measurements and opens up new 
areas of application. 

The basic frequency range of the HP 
Spectrum Analyzer is 10 MHz to 10 
GHz. The addition of external wave- 
guide mixers provides coverage from 8.2 
GHz to 40 GHz. Low-frequency coverage 
of the Spectrum Analyzer can be ex- 
tended to 10 kHz with the K15-8551B 
with improved sensitivity (-107 dBm); 
see page 376. 

Hewlett-Packard offers a second spec- 
trum analyzer, E01-851B (page 397). 
This analyzer, comprising the 85lB Dis- 
play Unit, K10-8551B Converter Unit, 
and 8670A Sweep Oscillator, is intended 
primarily for use in a single frequency 
band. It utilizes fundamental mixing for 
high sensitivity and flat response. 

Broadband applications 
Radio Frequency Interference (RFI) 

testing, spectrum surveillance and gather- 
ing of spectrum signatures-these are im- 
portant fields being revolutionized by the 
H P  spectrum analyzer. The far-ranging 
sidebands of radar transmitters, inter- 
modulation products of multiple trans- 
missions and spurious signals generated 
by electronic and electrical devices can 
be quickly detected and measured with 

F igu re  2. Nanosecond pu lse  a n d  s p e c t r u m  resu l t i ng .  

the analyzer. Wide dynamic range and 
broad spectrum coverage in the HP spec- 
trum analyzer permit measurements of 
signals widely separated in frequency and 
amplitude. 

The HP 8441A Preselector is a valuable 
tool to aid RFI and spectrum surveillance 
measurements. The 8441A is a voltage- 
tuneable bandpass filter using a yttrium- 
iron-garnet (YIG)  current-tuneable filter 
to pass a desired signal and reject others. 
By automatically tracking the desired 
spectrum analyzer tuning response, it 
virtually eliminates multiple, image, and 
spurious responses in the 1.8 to 12.4 GHz 
range. This greatly simplifies the display, 
making it easier to interpret. It is also 
possible to use the 8441A Preselector 
with a broadband crystal detector and a 
sensitive oscilloscope to form a simple 
spectrum analyzer. The Preselector can 
extend the dynamic range of the analyzer 
for distortion measurements as much as 
an additional 35 dB, permitting distor- 
tion measurements as low as 0.01%. 

Transients and random interference 
can be recorded by a time-exposed 
photo of the analyzer’s crt display taken 
with an oscilloscope camera. Displays of 
repetitive signals may be plotted on an 

Figure 1. VHF s p e c t r u m  as v i e w e d  
on H P  s p e c t r u m  analyzer .  

Disp lay s h o w s  f requenc ies  f r o m  10 M H z  
t o  300 M H z  a t  a  s p e c t r u m  

w i d t h  s e t t i n g  of 30 M H z z c m .  

x-y recorder, using the vertical and hori- 
zontal output signals from the analyzer. 
Figure 1 shows the radiation present 
throughout the entire vhf spectrum in a 
large metropolitan area as viewed on the 
H P  spectrum analyzer. Note the cluster of 
FM broadcast stations on the left and the 
television aural and video carriers ap- 
pearing at center-right of the display 
This display represents only 1 5 %  of the 
analyzer’s maximum spectrum width ca- 
pability. Power density measurements are 
another important application of the 
spectrum analyzer, made possible by cali- 
brated IF bandwidths. The HP Model 
8442A 20 MHz Crystal Filter is a band- 
pass filter to improve the skirt character- 
istics of the 1 kHz IF of the 851B/8551B 
Spectrum Analyzer. This provides greater 
resolution of closely spaced signals hav- 
ing large differences in amplitude. By 
knowing the effective noise bandwidth of 
the IF amplifier, a calibrated output in 
terms of noise power per megacycle is 
possible using an rf indicator such as 
the H P  411A RF Millivoltmeter (page 
197) to measure the analyzer’s 20 MHz 
IF output. Calibration is achieved by 
feeding a known signal level into the 
analyzer rf input from a signal generator 
and noting the output level on the rf mil- 
livoltrneter. This level then becomes a 
reference to which all power density mea- 
surements may be referred. 

Solid-state applications 
Tuning varactor multiplier strings and 

parametric amplifier circuits can be tedi- 
ous and time consuming by conventional 
techniques. There also is a good chance 
that spurious signals may be present in 
the output of such devices, even when 
everything seems “peaked up” correctly. 
With the H P  Spectrum Analyzer all 
output frequencies can be observed simul- 
taneously for easy adjustment of such 



devices for optimum output free of 
spurious signals. 

Fast rising, short duration pulse wave- 
forms in the nanosecond region can be 
generated by semiconductor diodes driv- 
ing a shorted transmission line. Often, it 
is desirable to obtain a uniform output 
across large segments of the spectrum 
with such devices (Figure 2 ) .  With the 
broad frequency display and flat ampli- 
tude response of the 851BJ8551B, it is 
a simple task to measure narrow, fast 
rising pulse spectra and make adjust- 
ments for discontinuities in the generat- 
ing system. 

Narrowband measurements 
In addition to the broad spectrum ca- 

pability of the analyzer, calibrated spec- 
trum widths down to 10 kHz/cm allow 
detailed analysis of very narrow seg- 
ments of the band. Spectrum width can 
be reduced to zero with a vernier for 
operation of the Spectrum Analyzer as a 
fixed-frequency receiver. A unique phase- 
lock stabilization system reduces local OS- 

cillator residual FM in the analyzer to less 
than 1 kHz peak-to-peak deviation when 
viewing narrower spectrum widths. This 
system permits stable displays of narrow 
spectra, plus the convenience of remain- 
ing stabilized while tuning across the 
band. Narrow spectrum widths are use- 
ful for applications such as FM deviation 
measurements and residual FM checks 
on signal sources. The 60 dB dynamic 
range and display makes FM measure- 
ments by the “carrier-zero” method ex- 
tremely accurate since the modulation 
frequency may be adjusted to the precise 
point where all the signal energy is con- 
tained in the sidebands. The modulation 
frequency is measured on an electronic 
counter and noted. Then, using a table 

- 
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of Bessel functions, carrier deviation is 
a simple calculation: 

f ,  = mf,, 
where f,  = carrier deviation 

m = modulation index (from 
Bessel table) 

f a  = modulation frequency 

Application Note 63 
Well illustrated applications and spe- 

cific information on Spectrum Analysis 
are yours for the asking in H P  Applica- 
tion notes 63 and 63A. Application Note 
63 contains an introduction to spectrum 
analysis explaining the basic principles of 
this important branch of microwave mea- 
surements and includes illustrations of 
spectral displays and their interpretation 
An appendix provides a more rigorous 
treatment of the application of Fourier 
analysis to spectrum analyzer displays. 

Both Application Notes contain spec- 
trum analyzer applications in detail, sug- 
gesting time-saving methods and solu- 
tions of difficult measurement problems. 
Your copies of Application Notes 63 and 
63A are available on request through H P  
Sales Offices in your area. 

Spectrum analyzer requirements 
The basic functions of a spectrum ana- 

lyzer are to translate electrical functions 
into their various frequency components 
and present their amplitudes on a visual 
display. T o  be versatile and do an ef- 
fective job, the spectrum analyzer should 
have: 1 )  the ability to locate and identify 
signals over a wide frequency spectrum, 
2 )  the ability to magnify portions of the 
spectrum for detailed analysis with stable 
calibrated sweeps and resolution, 3 )  min- 
imum display clutter from spurious re- 
sponses in the analyzer, and 4 )  wide 
dynamic range and flat frequency re- 
sponse. 

--- 

A simplified block diagram of the H P  
851B/8551B Spectrum Analyzer is shown 
in Figure 3. The rf section contains the 
local oscillators, mixers and two of the 
three IF amplifiers, comprising a triple 
conversion superheterodyne receiver. The 
first local oscillator is a backward wave 
oscillator which is capable of being swept 
or tuned from 2 to 4 GHz. Input signals 
of 10 MHz to 10 GHz pass through the 
0-60 dB rf attenuator to a crystal har- 
monic mixer and are converted to the 2 
GHz IF. After amplification, the 2 GHz 
IF is converted to 200 MHz, amplified, 
and converted again to 20 MHz. The use 
of a 2 GHz first IF keeps images 4 GHz 
apart, preventing a confusing double re- 
sponse for a single input frequency. The 
first mixer is carefully designed for mini- 
mum spurious generation and flat fre- 
quency response. 

The display section contains the 20 
MHz IF attenuator, bandpass filters, am- 
plifiers, and video detector, plus the crt, 
sweep generator and display shapers. 

Except for the crt, this section is 
designed with solid-state components 
throughout. The input consists of an 
accurate 0-80 dB attenuator calibrated in 
1 dB steps. Bandpass filters, controlling 
the analyzer’s resolution, follow the at- 
tenuator. These have accurately con- 
trolled bandwidths of 1, 3, 10, 100 kHz 
and 1 MHz. The switching logic of the 
Sweep Time and Spectrum Width selec- 
tors automatically select the optimum fil- 
ter for best resolution without sacrifice in 
gain. Manual selection of the filters also 
is provided. A current controlled attenua- 
tor and feedback network comprise a dis- 
play shaper which allows calibrated 
readout on the crt in terms of input 
power (square law),  dB (logarithmic) 
or voltage (linear). A full discussion of 
spectrum analyzer design considerations 
is included in Application Note 63. 

85518 R F  SECTION 

8518 DISPLAY SECTION 
- - - - - - - - - - - - - - - - - - - - - -___--  

200MHz 
IF  AMPLIFIER IF AMPLIFIER 
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Figure 3. HP Model 8516/8551B SDectrum Analyzer SimDlified block diagram 
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SPECTRUM ANALYZER; ACCESSORIES 
Fully calibrated, 2 GHz spectrum width 
Models 8 5 1  B/8551 B; 
11517A-l1521A, K15-8551B9 8406A, 8439A, 8442A 

The Hewlett-Packard 851B/8551B Spectrum Analyzer is a 
fully calibrated, highly versatile analyzer which covers the 
range from 10.1 to 40 GHz. It provides a 60 dB display dynamic 
range, flat response over calibrated spectrum widths from 100 
kHz to 2 G H t  and image separation of 4 GHz. High sensitivity 
and broad frequency range, plus a unique signal identifier, are 
additional features which make this instrument the most versa- 
tile and useful spectrum analyzer available today. 

Maximum flexibility 
An extremely wideband coaxial input system which accepts 

signals from 10.1 MHz to 10 GHz is provided. Use of the 
broadband, untuned first mixer permits simultaneous observa- 
tion of widely spaced signals. When it becomes desirable or 
necessary to limit the input frequency range, appropriate pre- 
selectors (such as filters, isolators, etc.) can be added easily. 
The analyzer itself imposes no arbitrary frequency band limita- 
tions. Additional flexibility and convenience are provided by 
the inclusion of a high-performance RF attenuator for use when 
higher level signals are examined. The attenuator has 60-dB 
range in 10-dB steps, and because its residual attenuation is 
very small (less than 2 dB at 10 GHz) ,  it can remain an 
integral part of the input system, thereby eliminating any need 
for cable patching. 

Signals in waveguide systems also are analyzed easily and 
conveniently. External waveguide mixers covering 8.2 to 40 
GHz are used, with a simple coaxial cable serving as the inter- 
connecting link between the mixer and 8551B. The single cable 
both delivers local oscillator power to the mixer and returns 
the mixing products back to the analyzer. 

Ten calibrated spectrum widths from 100 kHz to 2 GHz are 
available. This wide range of spectrum width permits observa- 
tion of widely separated signals and broad spectra, as well as 
detailed examination of individual signals, distortion products, 
etc. Image separation of 4 GHz (a 2-GHz first IF) assures a 

display uncluttered by overlapping images. For investigation of 
signals close to 2 GHz, a 200 MHz first IF can be selected. 

60 dB display dynamic range 
Any of three calibrated display modes can be selected for 

viewing a signal over a 7-cm vertical span: linear (voltage), 
square (power),  or logarithmic (10 dB/cm). The log display 
is accurate to 2 2  dB over a full 60-dB range, a 20-dB ex- 
tension of previously available analyzer display capability. A 
precision, direct-reading IF attenuator adds to the range of 
measurement and increases accuracy and convenience. The 
attenuator has an 80-dB range in 1-dB steps and includes a 
vernier for continuous adjustment between steps. 

Calibrated IF bandwidths add to measurement accuracy and 
insure day-to-day repeatability of measurement conditions. Five 
bandwidths between 1 kHz and 1 MHz are available; each has 
good skirt selectivity consistency with the 60-dB display range 
for best display readability. For the utmost in selectivity when 
resolving closely spaced signals, an external filter ( H P  8442A) 
can be added easily. The choice of IF bandwidth can be made 
manually or automatically. In the automatic mode, optimum 
bandwidth for best resolution of a CW signal is selected in- 
ternally for each combination of sweep time and spectrum 
width. In addition, sweep time is calibrated, and the CRT has 
an internal graticule for parallax-free viewing. A base line 
clipper is provided to dimthe baseline on the CRT for more 
comfortable viewing and improved photography of low-repeti- 
tion rate signals. 

External waveguide mixers, adapters 
External waveguide mixers 11517A and 11521A permit direct 

observation of signals in waveguide systems. The 11517A covers 
12.4 to 40 GHz and requires adapters 11518~4, 11519~4, 11520A 
as transitions to P-, K-, R-band waveguide respectively. The 
11521A Mixer covers X-band (8.2 to 12.4 GHz). Price: H P  

851B 18551 B 

I--- - . . 

K15-85518 

I .  

- i n  
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Frequency 
range 

10.1 MHz t o  
1.8 GHz 
1.8 to  4.2 GHz 

11517A Mixer (12.4-40 GHz) ,  $160; 11518A Adapter (12.4- 
18 GHz) ,  $65; H P  11519A Adapter (18-26.5 GHz) ,  $65; H P  
11520A Adapter (26.5-40 GHz) ,  $65; H P  11521A Mixer (8.2- 
12.4 GHz) ,  $75. 

K15-8551 B Up-converter 
The K15-8551B extends the lower-frequency limit of the 

851BJ8551B Spectrum Analyzer from 10 MHz to 10 kHz. With 
a sensitivity of about - 107 dBm ( 1  rV)  throughout this range, 
the Up-converter/Spectrum Analyzer combination is equally 
well suited to the laboratory and the field. For example, the 
combination can be used in the design of low-level transistor 
oscillators; it can also serve as a spectrum-surveillance monitor 
for control of interference in radio communication. For maxi- 
mum flexibility, the Up-converter includes an input attenuator 
which provides up to 120 dB of attenuation in 10-dB steps plus 
an amplifier with 20 or 40 dB of gain. Price: H P  K15-8551B, 
$1555. 

840QA Frequency Comb Generator 
Model 8406A provides frequency markers spaced 1, 10, and 

100 MHz for frequency calibration of the spectrum analyzer. 

mode Rel. gain Flatness Flatness 
n* IF (approx.)** full range 100 MHz 
1- 2 GHz 0 d B  1 2 . 5  d B  1 1 . 5  d B  

l+ 200 MHz 0 d B  1 3 . 5  d B  1 2 . 0  d B  

The markers are harmonics derived from 0.01% crystal oscil- 
lators, so accurate determination of absolute as well as relative 
frequencies is possible. An external oscillator can be used to 
produce a comb with different spacing; or each of the output 
combs can be phase modulated with external oscillators to 
produce sidebands about each tooth of the comb, thereby facili- 
tating interpolation measurements. The combs are useable from 
the fundamental to beyond 5 GHz. Price: H P  8406~4, $500. 

8442A 20 MHz Crystal Filter 
This filter improves the skirt characteristics of the 1-kHz IF 

of the 851B Display Section for greater resolution of closely 
spaced signals. The filter bandwidth at the 60-dB points is less 
than 10 kHz. Price: H P  8442A, $223. 

8439A 2-GHz Notch Filter 
Model 8439~4 has an extremely narrow rejection notch (2 

MHz at 60 dB down) at 2 GHz, thereby permitting observa- 
tion of broadband signals without interference from signals at 
the 2-GHz IF (evidenced by the raising of the entire baseline 
on the CRT) .  Price: H P  8439~4, $240. 

2.2 t 0 4 G H z  2- 2 GHz 
4 t O 6 G H z  I+ 2 GHz 
6 t 0 8 G H z  3- 2 GHz 
8 t 0 1 0 G H z  2+ 2 G H z  

Specifications, 8551B RF Section 

- 5 d B  + 2 . 5 d B  + 1 . 5 d B  
- 3 d B  +2.5 d B  * 1 . 5 d B  
- 1 0 d B  1 2 . 5 d B  + 1 . 5 d B  
- 1 0 d B  * 5 . 0 d B  1 1 . 5 d B  

Coaxial input characteristics 
Frequency range: 10.1 MHz to 10 GHz (usable to 12.4 

GHz) ,  input connector, type N female. 
signal power + noise power 

noise Dower 
Sensitivity ( =2; 10 kHz IF 

bandwidth): 
10.1 MHz to 1.8 GHz -95 dBm, fundamental mixing 
1.8 to 4.2 GHz - 100 dBm, fundamental mixing 

2.2 to 4 GHz -92 dBm, second harmonic mixing 
4 to 6 GHz -93 dBm, fundamental mixing 
6 to 8 GHz - 85 dBm, third harmonic mixing 
8 to 10 GHz -85 dBm, second harmonic mixing 
With source stability better than 1 kHz, greater sensitivity 
can be achieved using narrower IF bandwidth. 

Frequency response: (includes mixer and RF attenuator re- 
sponse with attenuator setting > 10 d B ) ,  

(using 200 MHz 1st IF) 

Waveguide input characteristics 
Frequency range: 8.2 to 40 GHz (11517A-llS21A accessory 

mixers and adapters required). 
signal power + noise power 

noise power 
Sensitivity( =2; 10 kHz IF 

bandwidth): 
-80 dBm 8.2 to 18 GHz 

18 to 26.5 GHz -75 dBm 
26.5 to 40 GHz -65 dBm 

8.2 to 12.4 GHz (using 11521A Mixer), typically -15 
dBm peak or average; 12.4 to 40 GHz (using 11517A 
Mixer), typically - 15 dBm peak or average. 

Ext. mixer input connector: BNC female; LO power to mixer 
and 2 GHz IF signal from mixer use this connector. 

Maximum input power (for 1 dB signal compression): 

. 

Sweep, LO, and tuning characteristics 
Spectrum width: 10 calibrated spectrum widths from 100 

kHz to 2 GHz in a 1, 3, 10 sequence to 1 GHz, vernier 
allows continuous adjustment between calibrated ranges 
and can be used to reduce width to 0; displayed over 10 
cm horizontal span on 851B Display Section CRT. 

Swept frequency linearity: spectrum widths 200 MHz/cm to 
3 MHz/cm: frequency error between 2 points on the dis- 
play is less than 2 1 0 %  & 3  MHz of the indicated fre- 
quency separation between the two points; spectrum widths 
1 MHz/cm to 10 kHz/cm (stabilized tuning mode):  fre- 
quency error between two points on the display is less than 
1 5 %  of the indicated frequency separation between the 
two points. 

First local oscillator: 2 to 4 GHz backward wave oscillator. 
Tuning accuracy: 
Tuning modes: selectable continuous coarse, fine and sta- 

bilized (phase-locked) tuning determines center frequency 
about which first Local Oscillator (LO) is swept. Tuning 
accomplished with single front panel Tune control (with 
Frequency Vernier control for increased settability when 
in stabilized tuning mode; Vernier tuning range 100 kHz).  
Frequency change of LO fundamental is 200 MHz per 
revolution of TUNE control for COARSE, 10 MHz per 
revolution for FINE. 

LO stabilization range: first LO can be phase-locked to in- 
ternal voltage-tuned reference oscillator; LO sweep tracks 
reference oscillator sweep for spectrum widths up to N x 
10 MHz (N = LO harmonic number). 

Stabilized tuning: internal reference oscillator automatically 
tracks with Tune control over full LO range to retain 

of LO fundamental or harmonic. 
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11517A-l1521A, K15-8551B, 8406% 8439A, 8 4 4 2 A  

stabilization at any LO frequency; frequency change of 
LO fundamental is 10 MHz per revolution of the Tune 
control; Frequency Vernier control (100 kHz tuning range) 
permits precise settability. 

LO characteristics: residual FM: less than 1 kHz (p-p)  when 
LO stabilized; typically less than 40 kHz (p-p)  when LO 
not stabilized; noise sidebands: more than 6OdB below C W  
signal level 90 kHz or more away from signal, using funda- 
mental mixing; auxiliary RF output: approximately 20 
m W  available at rear panel type N female connector for 
use with other equipment (e.g., frequency counter, wave- 
meter); requires nominal 50 ohm load impedance; H P  
908A Termination furnished. 

General 
Signal identifier: front panel switch introduces precise fre- 

quency offsets to permit exact determination of LO har- 
monic number used for mixing; direction of display shift 
indicates whether signal frequency is higher or lower than 
LO harmonic; concentric pushbutton switch permits re- 
establishment of reference position to facilitate identifica- 
tion of drifting signals. 

Self-check: first IF of 2 GHz permits use of swept LO (tuned 
to 2 GHz)  for calibration, alignment, and general per- 
formance checks; stabilized LO provides swept RF signal 
with very high linearity over 10 MHz range for IF band- 
width calibrations. 

IF output center frequency: 20 MHz (at  rear panel BNC 
female connector for use with 85lB Display Section). 

RFI: conducted and radiated leakage limits are below those 
specified in MIL-1-16910C. 

Power: 115 or 230 V &IO%, 50 to 60 Ht, <275W(less than 
300 W, total, when 851B Display Section power supplied 
through 8551B rear panel switched line output). 

Weight: net 88 Ibs (39,6 k g ) ;  shipping 134 Ibs (60,3 kg) .  
Dimensions: 16%’’ wide, 1 2 % ”  high, 18%” deep (425 x 

318 x 467 mm)  : hardware furnished for rack mount 19” 
wide, 12-7/32“ high, 1678’’ deep behind panel (483 x 
177 x 416 m m ) .  

Accessory items furnished: rack mounting kit; cables to 
connect 8551B RF Section to 851B Display Section; 908A 
Termination for rear panel auxiliary LO Output. 

Price: Model 8551B, $7100. 

Specifications, 851 B Display Section 
Display characteristics 

Vertical display (7 cm full scale deflection): 

Scale factor Accuracy 
Linear Relative voltage/cm *3% full scale 
Square Relative power/cm *5% fu l l  scale* 

display range* 

Cathode ray tube: 7.5 kV post-accelerator tube with P2 
medium persistence phosphor (others optional) and in- 
ternal graticule; light blue filter supplied; light-proof CRT 
bezel provides firm mount for oscilloscope camera. 

CRT internal graticule: parallax-free 7 x 10 cm, marked in 
centimeter squares with 2 mm subdivisions on major hori- 
zontal and vertical axes. 

*Except  pulse spectra on 1 MHz IF  bandwidth. 

CRT base line clipper: front panel control permits blanking 
of CRT trace baseline to allow more detailed analysis of 
low repetition rate signals. 

IF characteristics 
IF input center frequency: 20 MHz (accepts 20 MHz output 

from 8551B RF Section). 
IF bandwidth: manual: bandwidths of 1, 3, 10, 100 kHz, and 

1 MHz can be selected; auto select: one of the above band- 
widths automatically selected for best resolution of a C W  
signal for each combination of Spectrum Width and Sweep 
Time; bandwidth accuracy: individual bandwidths are 
calibrated within 1-20%, bandwidth repeatability and 
stability typically better than i.3%. 

IF Gain Set: 2-section attenuator provides 0 to 80 dB at- 
tenuation in 1-dB steps; one section provides 0 to 70 dB 
attenuation in 10-dB steps; the other 0 to 10 dB in 1-dB 
steps; IF Vernier provides continuous adjustment between 
1-dB steps. 

IF Gain Set accuracy: 70-dB section, 2 0 . 5  dB; 10-dB section, 
i.O.1 dB. 

Sweep characteristics 
Sweep time: six calibrated rates from 3 msec/cm to 1 sec/cm 

in a 1, 3, 10 sequence; Vernier provides continuous adjust- 
ment between calibrated rates and extends slowest rate to 
at least 3 sec/cm. 

Sweep time accuracy: &3%. 
Sweep synchronization: internal: sweep free runs; line: 

sweep synchronized with power-line frequency; external: 
sweep synchronized with externally applied signal of + 3 
to + 1 5  volts peak amplitude; BATC female input connector 
on rear panel; single sweep: sweep actuated by front panel 
pushbutton; panel light signifies duration of single sweep. 

External sweep: input: 0 to +15 volt external signal (from 
10 k ohm source impedance) results in full 10 cm CRT 
horizontal trace; BNC female connector on rear panel, 
direct-coupled; blanking: - 5 volt external blanking sig- 
nal required to blank retrace; BNC female connector on 
rear panel. 

General 
Output signals: vertical and horizontal signals applied to 

CRT are available for external applications; rear panel 
BNC female connectors; vertical: 0 to approximately -4 
volts, open circuit, 4700 ohms source impedance; hori- 
zontal: 10 volts p-p k 0 . 3  volt, open circuit, sweep approxi- 
mately symmetrical about 0 volts, source impedance 4700 
ohms; IF test point (20 MHz)  also provided, rear panel 
BNC female connector. 

RFI: conducted and radiated leakage limits are below those 
specified in MIL-I-6181D and MIL-I-16910C. 

Power: 115 or 230 V &lo%, ,  50 to 400 Hz, < 5 5  W. 
Dimensions: 16%’’ wide, ,%”high, 18%” deep (425 x 185 x 

467 mm)  ; hardware furnished for rack mount 19” wide, 
6-31/32” high, 16%” deep behind panel (483 x 1 7 7  x 416 
m m ) .  

Weight: net 41 lbs (18,5 k g ) ;  shipping 48 Ibs (21,6 kg) .  
Accessory items supplied: rack mounting kit; joining bracket 

Price: Model 85lB, $2400. 
Options: 

kit for mounting Model 851B on Model 8551B. 

07 P7 phosphor in lieu of P2 (amber filter supplied) 
31 P31 phosphor in lieu of P2 (green filter supplied) 

n/c 
n/c 
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PRESELECTOR; SPECTRUM ANALYZER 
Add versatility in spectrum analysis 

Models 8441A; E01-8516 

8441A Preselector 
HP 8441A is a voltage tunable bandpass filter designed 

primarily as a companion instrument for the 851B/855 1B 
Spectrum Analyzer, The  8441A uses an yttrium-iron-garnet 
(YIG)  current-tunable filter to pass a desired signal and 
reject others. By automatically tracking the analyzer tuning, 
it virtually eliminates multiple, image, and spurious re- 
sponses, simplifying the display and making it easier to 
interpret. The  8441A also can be used as a manually tuned 
or voltage tuned narrow-band filter with a center frequency 
anywhere from 1.8 to 12.4 GHz. When  internally swept, the 
8441A plus a broad-band crystal detector and sensitive os- 
cilloscope form a simple spectrum analyzer. 

Specifications, as preselector for 851 6/8551 6 
Frequency range: 1.8 to 12.4 GHz. 
Insertion loss: < 5  dB (typically 2 swr) in the passband; sig- 

nals outside the passband are reflected. 
Maximum input for <2 dB signal compression: - 20 dBm, 

1.8 to 2 GHz; + 10 dBm, 2 to 12.4 GHz. 
Absolute maximum input level: f 30 dBm. 
Reduction in 8551B LO emission (LO emission is 2 to 4 

GHz, typically 0 dBm): 2 GHz IF input: 50 dB except when 
preselecting 2- harmonic mixing mode from 2 to 4 GHz; 

8 4 4 1 A  

E 01-851 B 

200 MHz IF input: 33 dB (1- harmonic mixing mode), 40 
dB ( I+  harmonic mixing mode). 

Undesired response reduction: at least 35 dB. 
Contribution to analyzer frequency response over 2 GHz 

range (add to analyzer frequency response): 1. 2.5  dB for 
fundamenta l  mixing mode, i 3.5 dB for second harmonic 
mixing mode, I 4.5 dB for third harmonic mixing mode. 

Maximum sweep rate : 10 msec/cm. 
Price: HP 8441A, $2950. 

E01-8516 Spectrum analyzer 
This analyzer is designed for the user working primarily 

in one waveguide band between 0.8 and 40 GHz, offering 
exceptional sensitivity and flat response in the selected band. 
I t  is extremely useful in applications such as radar spectrum 
analysis, leakage testing, frequency response measurement, 
and distortion analysis. 

The  E01-851B Spectrum Analyzer consists of three 
separate but mutually compatible instruments: The  851B 
Display Section, 8690A Sweep Oscillator, K10-8551B Con- 
verter Section. T h e  8 5 l B  (described on the previous pages) 
provides this analyzer with excellent display characteristics. 
The  8690A (see Signal Sources) serves as the local oscillator 
(LO), and its R F  Unit determines the frequency range. The  
particular RF Units supplied is determined by option; Op- 
tions 01  through 07 include R F  Units 8691A through 
8697A respectively . 

The  K10-8551B Converter Section converts the input 
signal to the 20  M H z  IF signal required by the Display 
Section. The  Converter includes a wideband input mixer for 
viewing signals in coax plus a direct input to its 200 M H z  
first IF for use with an external waveguide mixer. (The  
K10-8551B and 851B can also be used with a signal gen- 
erator as the LO to form a sensitive and stable fixed re- 
ceiver) 

Sensitivity of the E01-851B with 100-kHz bandwidth is 
-90 dBm through its coaxial range of 0.8 to 12.4 GHz.  
Frequency response is k 3 dB peroctave, +1 ,5  dB per 100 
MHz. The  coaxial input includes a high performance R F  
attenuator which provides up  to 60 dB of attenuation in 10 
dB steps. 

For viewing signals in waveguide systems operating from 
12.4 to 40 GHz, an external mixer, the HP 11517A, is used. 
Sensitivity ranges from -85 to -70 dBm with 100 kHz 
bandwidth. LO power is coupled to the external mixer 
through a waveguide directional coupler such as an HP 752, 
and the mixing products are supplied to the 200 M H z  I F  of 
the Converter section through a coaxial cable, Below 12.4 
GHz,  an HP 281A Waveguide-to-Coax Adapter permits 
connection of waveguide signals to the coaxial input. 

Whi le  spectrum widths and tuning characteristics are 
determined by the LO, the observed signal is 200 MHz above 
or below the LO frequency due to the 200-MHz first IF. 
However, signal frequency can be determined exactly with 
the simple signal identifier which is push-button operated. 
The  8441A Preselector can be used to suppress image and 
harmonic responses. Price: HP E01-851B, $7,125 to 
$10,275, depending upon option selected. Price: HP K10- 
8551B only, $1,600. 
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Amplifiers 
Amplifiers have two basic functions in 

instrumentation: (1) to amplify signals 
that are too low in level for intended 

,applications, and ( 2 )  to isolate signal 
sources from other circuits. 

No single amplifier has the bandwidth, 
gain, noise figure, stability and output 
capability required for every conceivable 
situation. Hewlett-Packard amplifiers are 
designed with the maximum number of 
applications in mind while minimizing 
cost. 

H P  amplifiers are divided into two 
groups: (1) ac amplifiers and ( 2 )  dc 
amplifiers. 

AC amplifiers 
A typical general-purpose ac amplifier 

is the H P  465A. Designed to amplify 
low-level signals, it has a noise level of 
2 5  PV and a bandwidth of 1 MHz.  

Low noise in the amplifier is achieved 
with a field-effect transistor (FET).  

I MEG 

I * '-DIODE UNDER TEST I 
F i g u r e  1. W i d e  d y n a m i c  r a n g e  of t h e  H P  
4 6 5 A  G e n e r a l - P u r p o s e  A m p l i f i e r  c a n  b e  u s e d  

f o r  d i o d e  n o i s e . m e a s u r m e n t  t e s t s .  

There are numerous applications for 
such a general-purpose ac amplifier. For 
example, production selection of diodes 
for a sampling gate according to their 
noise when reverse biased is accomplished 
with the simple test set-up, Figure 1. 
Measurements are made with an rms 
voltmeter to get true rms value of diode 

208A: 

OSCILLATORS 

F i g u r e  2. O u t p u t  o f  low.power o s c i l l a t o r s  c a n  
b e  i n c r e a s e d .  

noise. Overall system noise of this scheme 
is 10 pV, Acceptable diodes have noise 
voltages less than 20 PV. The same test 
set-up, with appropriate filter and proper 
shielding, could be used to measure tran- 
sistor noise to a level as low as 2 pV. 

This solid-state amplifier is ideal for 
increasing the power output of transis- 
torized oscillators or amplifiers. Output  
power of HP oscillators can be increased 
14 times into a 600 Q load with the am- 
plifier, or by a factor of 180 into a 50 a 
load, Figure 2 .  The  amplifier may also be 
used as an impedance converter. 

Low output impedance of the 465A 

X I 0 0  

1 J 
F i g u r e  3. C a s c a d i n g  t h e  H P  4 6 7 A  P o w e r  
A m p l i f i e r  w i t h  t h e  H P  4 6 5 A  A m p l i f i e r  r e s u l t s  
in a  s t a b l e  6 0  d B  a m p l i f i e r  w i t h  10 MC i n p u t  

i m p e d a n c e  a n d  10 W  p e a k - p o w e r  o u t p u t .  

Amplifier is advantageous for driving 
several loads simultaneously, or for driv- 
ing long cables. The  amplifier has been 
used as a distribution amplifier to supply 
a precision 100 kHz time base simul- 
taneously to several counters. 

When the 465A Amplifier is cascaded 
with the H P  Model 467A Power Ampli- 
fier, Figure 3 ,  the combination achieves 
10 W peak-power output, an overall 
stable gain of 60 dB, a 1 MHz frequency 
response, and the low-noise, high-imped- 
ance input of the amplifier. 

The H P  467A Power Amplifier has an 
average ac power capability of 5 W over 
a frequency range from dc to beyond 1 
M H z ;  and peak power of 10 W output. 
It has an output impedance that is vir- 
tually zero (<o.oO> R in series with 1 
p H ) ;  and it is able to drive practically 
any load impedance within its 40 V and 
1 A peak-to-peak ratings. 

The  467A also serves as a power sup- 
pty with a variable control that can pro- 
vide maximum-negative to maximum- 
positive volts. The output voltage PO- 
larity may thus be changed without 
switching or lead changing, a useful fea-  
ture in semi-conductor diode testing, 
where both reverse and forward bias are 
required. 

MODEL 
467A 2 g - - 

I 
F i g u r e  4. U s e  of t w o  p o w e r  a m p l i f i e r s  i n  
push .pu l l  c o n f i g u r a t i b n  d o u b l e s  a v a i l a b l e  o u t -  

put v o l t a g e .  

Fast step-response and 500 mA current 
output  enables the 467A to drive magnetic 
cores or tape recorder heads directly. It 
may also be used to power incandescent 
lamps, or, with the aid of a step-up trans- 
former, neon lamps to provide excitation 
for photo-diodes or photoconductors. 
Since full power is available up to 1 
MHz, the new amplifier can also function 

A N  AMPLIFIER 

as a radio-frequency transmitter or as a 
driver for ultrasonic transducers. 

If signals >40 V peak-to-peak are 
needed, two power amplifiers, driven 
from a differential source such as the 
H P  Model 200CD Oscillator, may be 
connected in push-pull (Figure 4 ) .  This 
combination will develop 80 V peak-to- 
peak at  1 ampere. 

DY MEC 

Fig .  5. U s e  of c a s c a d e d  h igh .ga in  o p e r a -  
t i o n a l  a m p l i f i e r  a n d  p o w e r  a m p l i f i e r  a c h i e v e s  
o p e r a t i o n a l  p o w e r  a m p l i f i e r  of h i g h  s t a b i l i t y .  

Such an amplifier may also be con- 
sidered a programmable power supply. 
i -2  V across the input terminals (which 
draw &40 P A )  is sufficient to yield full 
output. Because of the device's inherently 
wide bandwidth, transient recovery time 
for a 11'2 A current change is less than 
50 ps .  

An operational amplifier of exceptional 
characteristics can be formed by com- 
bining the 467A power amplifier in an  
operational loop with the Dymec Model 
246OA dc Operational Amplifier (Figure 
5 ) . With this combination, the power 
capabilities of the Model 467A are com- 
bined with the low drift and high gain 
of the Dymec 246OA to make an opera- 
tional amplifier of exceptional charac- 
teristics. Add a dc motor to the above 
combination and it forms a complete 
servo system. 

Precision ac amplifier 
Recently introduced, the H P  463A is 

a precision, all solid-state amplifier de- 
livering 100 V rms at  5 w. Augmenting 
these features is the ultra-low distortion 
specification and three fixed-gain ranges 
( lo ,  100 and 1000) with a continuously 
adjustable gain capability from 0 to 1000. 

The 463A is valuable not only in 
precision measurements and calibration 
schemes, but as a general-purpose am- 
plifier. It is ideal to amplify the output 
of the most stable solid-state oscillators, 
or to isolate thermocouple transfer mea- 
surements. I t  is entirely suitable as a 
preamplifier for precision ac voltmeters, 
whether digital ( H P  3440A/3445A) or 
other (e.g., 741B Differential Volt- 
meter) .  

Sensitivities of digital ac or dc volt- 
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meters can be extended while maintain- 
ing useful accuracy. 

Combining the HP 463A with the H P  
3445A or 3446A AC-to-DC Converter in 
the 3440A Digital Voltmeter increases 
the sensitivity of either plug-in from 10 
V full scale to as low as 10 m V  full 
scale over a frequency range of 50 Hz 
to 100 kHz. Because the HP 463A is a 
direct-coupled amplifier, it can also be 
used to increase the dc sensitivity of most 
digital voltmeters. 

High-frequency ac amplifiers 
The HP Models 461A and 462A Am- 

plifiers use five cascaded stages to obtain 
wide bandwidth plus input and output 
emitter-followers to match 50 R coaxial 
lines. The  461A frequency response ex- 

Figure 6. Block diagram shows use of ampli- 
fier with search coal and oscilloscope t o  probe 

for RF radiation sources. 

tends to 150 MHz.  The  462A is rolled 
off along a Gaussian curve to preserve 
the waveshapes of complex waveforms. 

Sources of radio frequency interference 
generated by high-frequency or fast-pulse 
circuits can be located and identified by 
combining the HP Model 140A/1410A/ 
1425A Sampling Oscilloscope with a 
461A/462A Amplifier. An exploring loop 
of two or three turns of wire attached to 
the amplifier input cable serves as a con- 
venient probe. The  amplifier provides 
sufficient gain to drive the sync input of 
the sampling scope while feeding one of 
the scope input channels through a probe 
tee on the amplifier output cable, as 
shown in Figure 6. 

Measurements of the noise figure of 
individual low-level circuits still in the 
breadboard stage are possible with the 
461A as a preamplifier for the H P  
Models 340B and 342A Noise Figure 
Meters ( the noise figure meters were de- 
signed to work at  the output of complete 
IF strips that have 40 d B  or more ga in) .  

The  50 R impedance of the 461A/462A 
Amplifiers is well-matched for use with 
the H P  355 Series attenuators when in- 
cremental levels of stable gain are desired 
along with broadband performances. 

OUfPUT 
CAPACITOR I 

Figure 7. Modulated amplifier. 

DC amplifiers 
A widely-used technique for circum- 

venting the drift problems of direct- 
coupled amplifiers is to convert the dc 
to an equivalent ac (modulation). The  
ac is amplified in a gain-stable ac am- 
plifier and reconverted to dc (demodula- 
t ion) ,  During amplification, the signal is 
represented by the difference between the 
maximum and minimum excursions of 
the ac waveform and is not affected by 
drift in the absolute voltage levels within 
the amplifier. 

:@@@' SOURCE 

~ 

Figure 8.  Amplifier wtth photoconductlve 
modulator. 

One method to convert the dc to ac 
is to switch the amplifier input alternately 
to both sides of a transformer, as shown 
in Figure 7. This periodically inverts the 
polarity of the signal applied to the am- 
plifier. The  switches illustrated may be 
mechanical, transistor or photoconduc- 
tive. Another pair of contacts a t  the out- 
put  establishes the ground level for a 
storage capacitor in series with the out- 
put  The output storage capacitor be- 
comes charged to a level corresponding 
to the amplitude of the output square 
wave. Synchronous detection preserves 
the polarity of the input voltage and re- 
covers both positive and negative volt- 
ages with the correct polarity. 

D C  amplifiers just described offer 
drift-free amplification of low-level sig- 
nals in the microvolt region. Another 
modulation technique uses two photo- 
conductors-one in series with, and one 
parallel to the amplifier input, shown 
in Figure 8. 

Photoconductors' resistance is propor- 
tional to their illumination. By illuminat- 
ing the photoconductors alternately, the 
amplifier input is connected to the signal 
and to ground. Photoconductors perform 
well as modulators a t  microvolt levels. 
They can be isolated from the driving 
signal and designed with very low offset 
voltages. 

Wideband dc amplifiers 
Use of a modulator in a dc amplifier 

limits its frequency response. A common 
modulation frequency is 400 Hz for 
bandwidths approaching 100 Hz. 

Another technique to obtain dc-stable, 
wideband response is to use a modulator- 
amplifier to correct for dc drift in a wide- 
band, direct-coupled amplifier, as in the 
DY-2460A. The amplified signal is re- 
duced in a divider network by the same 
amount it was amplified and compared 
with the original input signal at the 

summing point. The  difference, caused 
by drift, is amplified through a modu- 
lated amplifier and applied to the direct- 
coupled amplifier to cancel the dr i f t .  
(This is sometimes called a "chopper- 
stabilized" amplifier.) 

Differential amplifiers 
Differential data amplifiers have two 

identical input channels that function in 
push-pull fashion. The output generally 
is single-ended and represents the ampli- 
fied difference between the two input 
channels. This arrangement cancels hum 
or other interference picked up on the 
signal leads which appear in phase to 
the amplifier inputs (referred to as com- 
mon-mode signals). Examples are the 
HP Models 2470A and 8875A ( p a g e s  

Since a differential amplifier is sensi- 
tive only to the difference between the 
two input signals, the transducer or other 
signal source need not be grounded. 
Therefore, differential amplifiers allow a 
bridge-type transducer to be used with 
a grounded power supply. 

The differential amplifier configuration 
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Figure 9. Guard reduces capacitance between 
signal leads and ground. 

also allows injection of a fixed dc voltage 
into either channel to permit establish- 
ment of a new voltage-reference level a t  
the output (zero suppression). 

When the input is floating, cable 
shielding may be connected to chassis 
ground rather than to signal ground. 
However, both ac and dc potentials can 
exist between two widely-separated earth 
grounds, and common-mode currents 
may circulate. The  signal leads and the 
internal capacitances are shown lumped 
as Cd in Figure 9. Consequently, a ground 
loop may inject interference into the sig- 
nal path. A guard shield (Figure 9 )  pro- 
viding an electrostatic shield around the 
input circuitry breaks the stray capaci- 
tance into two series capacitances, Cd and 
C,. A much higher impedance is then pre- 
sented to the flow of common-mode sig- 
nals. This type is termed a floated and 
guarded amplifier. 

D C  amplifiers using choppers are able 
to couple the signal information out  of 
the guard shield by means of transform- 
ers. N o  dc connection between the output  



402 

Frequency response 
5 Hz-2 MHZ ( *1  dB) 

and input grounds is necessary; and no 
ground loops are formed between the in- 
put  circuits and equipment connected to 
the output. 

Amplifiers designed for use with 
guarded digital voltmeters or other 
guarded equipment (Models 2411A and 
860-4300) continue the guard shield 
through the output. 

Selecting an amplifier 
Stability, noise and input-output im- 

pedances, as well as cost, are basic con- 
siderations. If an amplifier is to be used 
for general-purpose applications, low 
distortion and preservation of magnitude 
relations are essential. When selecting an 
amplifier for pulse applications, low rise 
times and low sag are of prime impor- 
tance. A differential amplifier is indicated 
for  elimination of ground loops formed 
between input circuits and equipment 
connected to the output. The differential 
amplifier also is the most logical choice 
when interference from other connect- 
ing equipment is likely. T o  preserve 
guarding features of voltmeters or other 
connecting equipment, or to suppress 
common-mode noise, a floated and 
guarded amplifier is essential. 

All the Hewlett-Packard amplifiers 
described have been designed with the 
requirements of a maximum number of 
applications in mind. Each category of 
amplifier uses a different method to max- 
imize performance over a specific group 
of applications while minimizing cost. 
A Hewlett-Packard amplifier is avail- 
able to meet your specific requirements. 
Refer to  Figure 10 for relative functions 
and features. The extensive amplifier line 
of Hewlett-Packard Sanborn Division, 
comprising a wide variety of general- 
purpose and specialized types, is de- 
scribed on pages 404, 405 and 406. 

Microwave amplifiers 
There often are applications requiring 

high-quality microwave signals, such as 
those obtained from precision signal gen- 
erators, where the magnitude of signal 
power needed is greater than that  avail- 
able directly from the signal generator. 
Amplification of the signal generator out- 
put  will fill this requirement; a t  frequen- 
cies from 1 to 12.4 G H z  this is accom- 
plished by H P  microwave amplifiers. Four 
broadband amplifiers are available, each 
using a traveling-wave tube that  delivers 
a t  least one wat t  output with one milli- 
watt or less input. Excellent stability is 
achieved through the use of highly regu- 
lated power supplies for all elements of 
the T W T ,  including the filament. The  
amplifiers have provision for amplitude 
modulation and since the internal modu- 
lation amplifier is dc-coupled, remote 
programming and power leveling are 
possible. Sensitivity is high for large out- 
put power changes from relatively small 
modulation signals, obviating the need 
for  an external modulation amplifier. 

Input Noise Output See 
Z Gain (max) (rnax) Model Page 

1 MQ/ 40, 20 dB 250 p V  10 V into 450A 408 
15 pF referred to 3000Q 

Figure 10 
Hewlett-Packard Amplifiers 

1 kHz-150 MHZ (+l dB) 

100 Hz-50 kHz (+0.1 dB) <2 
dB down at 5 Hz and 1 MHz 

10 H z - l  MHZ (10 .5  dB) 

dc-1 MHz(<O.OOl dB dc-10 kHz) 
Precision amplifier, ultra-low 
distortion 

General-purpose amplifiers 

input 
50Q 40, 20 dB <40 p V  at 0.5 V rms 461A 411 

40 dB into 50Q 
10 MQ/ 40, 20 dB <25 p V  <5 V rms 465A 409 
<20 pF referred to into 50Q 

input 
1 MQ/ 40, 20 dB 75 p V  rms 1.5V rms 466A 408 
25 pF into 15000 (battery 

1 MQ/ 60, 20, 50 pV-1.5 100 V rms 463A 412 
<35 pF 40 dB mV referred to 50 mA 

to input into 2 kQ 
(depends on 

operated) 

Rise 
time 
3 ns 

Input See 
Noise (max) output Model Page 

200Q 20 dB into 200Q <10 dB +3.2 V -8 V into 460AR 410 
Z Gain 

Power and voltage amplifiers 

dB,500 kHzrnodulationamplifier. 

Fast-pulse amplifiers 

3 ns 

<4 ns 

300Q 

200Q 
200Q 15 dB into2OOQ < 6 d B  +4 V, -60 V into 460BR 410 

50Q 40, 20 dB 40 p V  at 40 dB 1 V p-p into 50Q 462A 411 

Instrument 
Operational amplifier, uses one 
of four plug-ins below to suit it 
for specific applications: <4 p V  
p-p  noise. 

Data systems unit 

2 Bench-use unit .- 
hn 

~ ~~ 

Frequency See 
response Gain Oulput Model Page 

depends on plug- 5 x 107 m A  at dc 10 V, 2460A 407 
in;gain-bandwidth (open loop) 
product approx. 
l o 6  Hz 

2461A- 407 

350 HZ-50 kHz 1, 10, 100, 1000; 2641A- 407 

350 HZ-25 kHz 10, 30, 100,300, 
1000; inverting M1 

inverting +11 M2 
- 5 

53 

LL 

d 

to 1 Vernier 

ing M 4  

M 3  

Plus-one gain unit 300 kHz X1, non-invert- 2461A- 407 

Patch unit Brings input, output, summing point to front 2461A- 407 
panel to perform analog operations. 

Instrument 
Differential data amplif ier (with 
internal power supply) 
Differential data amplif ier (with 

I 

Specialized guarded amplifiers, for use with guarded digital voltmeters, are discussed on pages 227 and 230. 

Frequency Noise See 
response Gain (max) Output Model Page 

dc-50 kHz 10, 30, 100, 5 p V  rms + l o  V 2470A 403 

dc-75 kHz 1-1000 5 LIV rms *10 V 8875A 405 
300, 1000 r t i  

internal power supply) 

fier 
Narrowband differential ampli- 

r t i  
dc-100 Hz 1000 3 p V  p-p *5  V 860- 404 

4300 
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The H P  2470A Amplifier is a flexible wideband differen- 
tial amplifier exhibiting low drift and noise, achieved 
without the use of a chopper. The instrument will supply 
up to 1 watt output to a resistive or reactive load. Ex- 
ceptionally high reliability and accuracy are achieved by the 
use of silicon semiconductors. 

Applications include amplification of strain gage bridge, 
thermocouple and other low-impedance sensors. Amplifier 
provides an output suitable for data acquisition devices, in- 

cluding recording galvanometers and oscillographs, analog 
recorders, servo control systems. Low instrument cost keeps 
per-channel price to the minimum, The 2470A also applies 
directly to many general-purpose laboratory uses, both dif- 
ferential and single-ended. 

The amplifier with its power supply is packaged in a 
unique molded dielectric case, so compact that ten instru- 
ments fit side-by-side in 5%‘‘ of standard 19” rack space. 

~ 

Specifications 
(unless noted, specifications hold after 30 min. warm-up at 25OC ambient, 1 K ohm source resistance, any unbalance) 

DC gain: fixed steps: XO (output shorted), X10, x30 ,  
X100, X300, X1000; optionally XO, x 1 ,  x 1 0 ,  x100,  
X ~ O O O ,  or other steps between 1 and 1000 available, up 
to 6 positions. 

Gain accuracy (no load): at 25OC, &0.027c initially 
k 0 . 0 0 5 7 ~  per month stability; *O.OOi5?- per OC maxi- 
mum temperature coefficient, 

170 trimpot, t O . 0 1 7 ~  res- 
olution; or XI to X3.5 multiplier with dial calibrated 
to & 3 7 ~  accuracy. 

DC linearity: 0.002% at gain of 1000, 0 to i 1 0  V output. 
Input impedance: 10’) ohms min., shunted by 0.001 pF 

max. 
Zero stability (at constant 25’C): +-5 pV, 1 0 . 5  nA per 

day referred to input; i 20 pV per day referred to out- 
put; e1 pV/OC, i 0 . 5  n A  pe-r OC referred to input; 
& l o  pV/”C referred to output. 

Noise: 0 to 100 Hz:  3 pV p-p referred to input; + 30 pV 
p-p referred to output; to 50 kHz: 5 pV rms, referred 
to input; + 500 pV rms referred to output. 

Vernier adjustment (optional): 

Common mode rejection: 120 dB to 60 Hz. 
Maximum input signal: +-I1 V, differential + common 

mode; up to 2 2 0  V can be handled without damage to 
instrument. 

Output: i r l o  V, 0 to 100 mA; self-limits at approx. 11 V, 
125 mA. 

Output impedance: 0.1 ohm in series with $10 pH maxi- 
mum. 

Load capability: 100 ohms or 0.01 p F  for full output; am- 
plifier is stable and undamaged by short circuit or any 
capacitive load. 

Slewing: 10’ V/sec referred to output, or lo6  V/sec referred 
to input. 

Bandwidth: +1 dB, 0 to 10 kHz, any gain step; -+3 dB 0 to 
50 kHz any gain step; other fixed 3 dB bandwidths be- 
tween 0 to 50 kHz and 0 to 100 Ht optionally available. 

Settling time: 100 psec to within 0.01% of final value. 
Overload recovery: settling time + 100 psec for inputs (sig- 

nal plus common mode) up to 10 times full scale; less 
than 1 msec for inputs up to 20 V. 

Overload signal (optional): output is -23 to -31 V without 
overload; 0 to -1 V with overload, 5 mA drive capa- 
bility; also, front-panel indication. 

Operating conditions: 0 to 5 5 “C ambient temperature range; 
up to 9576 relative humidity at 40OC. 

Power: 115 or 230 V ~ l O C j o ,  50 to 400 Hz, approx. 10 W 
max. 

Dimensions: 1-9/16” wide, 474’’ high, 1 5 ”  deep (39.7 x 
123.9 x 381 mm). 

Weight: net 4 lbs (1,8 kg) ; shipping 6 lbs ( 2 3  kg) . 
Accessories available: mating rear connector with power cord, 

input/output cables; combining case: contains up to 10 
instruments in 5%” of standard 19” rack space (mating 
connectors furnished with amplifier) ; bench stand : holds 
one amplifier upright and includes input/output connec- 
tors, power switch, pilot light, power cord. 

Optional modifications: lyc gain trim; 3.5 to 1 gain vernier; 
overload indicator with output signal; special gain steps. 

Price: HP 2470A Data Amplifier, $585. 
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Features 
Bandwidth: dc to 75 kHz. 
Common mode rejection: 120 dB, dc to 60 Hz at k = 

Common mode voltage tolerance: 40 V p-p. 
Gain: 1 to 1000 in seven fixed steps with vernier control 

for up to 3.3:1 gain increase. 
Gain stability: . O l %  for 30 days. 
Non-linearity: .OI:~C of full scale (zero based). 
Output: _t10 V, ~ 1 0 0  mA. 
Floating input: no dc path to ground needed. 10 amplifiers 

fit in 5” high x 19” wide ( 1 2 7  x 482 mm) modular 
cabinet for bench or rack mounting, 

Optional features include dual outputs and bandwidth 
restriction to 2 Hz. 

The 8875A is a differential wideband, dc amplifier for 
use with modern data acquisition systems employing such 
devices as digital voltmeters, digital printers, analog digital 
converters, magnetic data recorders, oscillographs and other 
readout instrumentation. It is packaged for use as a single- 
channel amplifier as well as for multi-channel use in 19- 
inch wide (482 mm) 10-unit banks. 

Design characteristics of the Model 8875A make it par- 
ticularly suitable for amplifying very low level signals such 
as those derived from thermocouples, dc excited strain gages, 
dc excited vibration sensors and similar transducers. Specific 
areas of application include space vehicle checkout, checkout 
at missile and rocket test stands, wind tunnel testing, ship 
and aircraft vibration studies and other applications which 
require the continuous measurement of minute changes of 
such variables as temperature, humidity, vibration, force, 
strain, flow, pressure, etc. Other applications include arrange- 
ments with either input or output multiplexers. 

The Model 8875A is a completely solid-state amplifier. 
It offers high gain (1-1000) with vernier control for vari- 
able settings between fixed steps, high rejection of common 
mode signals, and extremely accurate amplification of low 
level signals in the presence of noise. Since no chopper is 
used, complete freedom is obtained from intermodulation 
distortion caused by signals having harmonics in the vicinity 
of the chopper frequency. 

Each 8875A Amplifier includes an integral power supply 
and measures only 43/” high x 1-9/16” wide x 15” deep 
(121  x 27 x 381 mm).  For multiple channel usage, ten 
8875A’s are accommodated in a 5” x 19” (127 x 482 mm) 
Hewlett-Packard Combining Case, Model 1069-0lA. This 
modular cabinet contains input and output connections, pow- 
er cable, on-off switch, cooling, fuse and mating connectors 
for the ten amplifiers. The modules can be stacked or can 
be equipped with tilt stands for bench top use. Standard 
accessories include flanges for rack mounting the entire 
module. 

Plug-in circuit boards, which are used in the construction 
of the amplifier, make for ease and speed of servicing. When 
used individually, the completely enclosed amplifier requires 
no cooling, Built-in cooling in each 10-unit module makes 
for long life in densely packed, multi-channel installations. 

1000. 

887 5A 

Specifications 

Bandwidth: dc to 75  kHz within 3 dB. Can be changed by 
addition of a capacitor; 3 dB points down to 2 HZ can 
be obtained. 

Gain: range is from 1 to 1000 in seven fixed steps of 1, 3, 

Gain accuracy: -+o.l%. 
Gain stability: t 0 . 0 1 %  at constant ambient temperature for 

30  days, tO.O05%/OC (for fixed gain steps only). 

Gain adjustment: gain control covers a 2 3 %  range with 
sufficient resolution for setting any one gain to * o . O l % .  
A vernier control can be switched in for setting the gain 
to any desired value between the standard fixed steps. Sta- 
bility of this control is approximately 2% over a 0-55‘c 
temperature range. This control increases the gain. When 
it is in its extreme position (gain change at maximum) 
the bandwidth drops to 30 kHz ( 3  dB point). 

Input circuit: balanced differential; may be used single-ended. 
Will accept floating signal sources without requirement 
for return path to ground. 

10, 30, 100, 300, and 1000, plus an OFF position. 

Differential input impedance: 20 MQ, < O . O O l  p,F shunt. 

Common mode rejection: at least 120 dB from dc to 60 H z  
for up to 500 ohms source impedance in either side of 
input circuit at gain of 1000; 66 dB min. at gain of 1. 
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dc - 10 HZ 

Guarded common mode input impedance: 2000 LMQ, <2pF 
shunt. 

1 microvolt peak to peak 
dc - 100 HZ 3 microvolts Deak to Deak 

I dc - 1 k H z  I 6 microvolts peak to peak I 
dc - 10 k H z  
dc - 50 k H z  
dc - 250 k H z  

3 microvolts rms 

4 microvolts rms 

5 microvolts rms 

Non-linearity: less than 0.01% of full scale value, 10 volts 

Current feed to source: A max. at constant ambient 

(zero based), 

temperature, A/"C. 

Settling time: 100 psec to 99.9% of final value for a step 
input. 

Overload recovery time: recovers to within 10 ,,.V referred 
to input plus 10 mV referred to input in 10 ms for a dif- 
ferential overload signal of * I O  V at gains of 300 to 
1000, and 1 ms at gains of 1 to 100. For a 10 times full 
scale overload of any duration: 2 ms for gains of 300 to 
1000 and 100 p e c  for gains of 1-100. 

OUTPUT CAPABILITY VS. FREQUENCY 
(LOAD 100 OHMS OR GREATER) 

20 

10 

7 

5 
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FREQUENCY 

Performance as a function of line voltage: for line variations 
of 115 V % l o % ,  the output zero remains within i 2  mV 
and the gain remains within k O . O l % .  

Slewing: output circuit: with resistive load of 100 ohms or 
greater, 106 V/  sec for 10 mV shift in dc output. Input 
circuit: gain of 1, 2.5 x 106 V/sec for 10 mV shift in dc 
output; gain of 3, 0.83 x 106 V/sec for 10 mV shift in 
dc output. For gains greater than 3, output circuit deter- 
mines slewing rates. 

Input- output isolation: 2000 MQ shunted by 2pF. 
Temp. range: 0°C - 5 5°C. 

Controls: Front Panel: Gain, Gain Trim, Gain Vernier with 
Switch, Zero Trim. 

Internal: control for setting current feedback to source to 
< 10-9 A. Balance control. 

Connections: signal and power from rea1 

Power: 115/230 V %1070, 50-400 Hz, 6 W. 

Dimensions: 4%'' high, 1-9/16" wide, 15" deep (121 x40  

Weight: 3.5 lbs (1,6 kg).  

Prices: Model 8875A Differential Amplifier, $495. 

Option 01: dual outputs: 1 1 0  V at k 1 0 0  mA; 1 1 0  V at 
t10 mA; a short on one output will have negligible effect 
on the other output, add $75; Option 02: bandwidth re- 
striction filter. A front panel rotary switch provides se- 
lection of four discrete cut-off frequencies plus a full 
bandwidth (75 kHz) position. The four frequencies are 
2, 200, 2000 and 20,000 Ht.  Amplifier bandwidth is 
approx. 3 dB down at the cutoff frequency with a 1 2  
dB/octave roll-off. (Other frequencies available on special 
order, add $75; Options 01 and 02 may be combined in 
one amplifier. This combination is specified as Option 
05.) This configuration will provide the filtering on the 
LOW power (10 mA) output only. (Filtering on either 
or both outputs available on special orderJ Option 03: 
gain range from 10 to 1000 in seven fixed steps of 10, 
20, 50, 100, 200, 500 and 1000, plus an "OFF" position. 

No additional cost. Option 04: Model 14010A Cord 
Connector Set, $25;  Option 05: $365; Accessory: Model 
01069-61060 Blank Panel Assembly, $ 5 .  

x 381 mm) .  

NOISE VS. GAIN 
7 

lK SOURCE 

I WLE FILTER 



406 

860-4300 Narrow-Band Differential DC Amplifier 
Model 860-4300 is designed to  amplify low-level signals 

f r o m  thermocouples, strain gages and  other  resistance 
br idge transducers. T h i s  completely solid-state, l o w  noise 
amplifier successfully combines a floating input  which al- 
lows measurement of low-level signals even though compli- 
cated by ground loops, h igh  gain and zero stability; a n d  a 
floating output  (isolated f r o m  input)  which eliminates 
ground loop problems with terminal equipment .  Typical 
outputs for  these data  amplifiers include digital voltmeters, 
tape recorders, oscillographs, oscilloscopes and  other  read- 
out  devices, 

These  amplifiers also are offered in convenient 2- and  
%unit  modules for  rack mounting,  and  as an individual 
amplifier in  a portable case. Power supplies are  included. 

Specifications,* 860-4300 
Gain: 1000, 500, 200, 100, 50, 20, 10 and off; accuracy: i 0 . 5 %  

at  dc; stability: i.0.05% at  dc with constant ambient temper- 
ature for 40 hours; -+O.OOSY,  change/'C; trim: any gain set- 
ting can be trimmed to within i O . O 2 % ,  covers t 3 %  range. 

Input: isolated from ground and from output ;  impedance: 1 
megohm minimum, independent of gain. 

Common mode rejection: ( for  1000 ohms in either input lead) 
130 dB at  60 Hz;  160 d B  at  dc. 

Common mode tolerance: 220 V rms 

Bandwidth: dc to i 1 %  at  30 Ht;  dc to 3 dB down at  100 H t .  

Rise time: 20 ms to 0.1% of final value for a step input. 

Output: isolated from input and from ground; impedance: 75 
ohms. 

Output capability: i.5 volts a t  2 .5  mA. Amplifier i s  internally 
loaded with 2 k in parallel with 2 5  ufd. Any part, or all, or 
this load may be removed and connected externally. 

Linearity: i 0 . 0 5 % ;  (&0.03% for 0 to + 5  V or 0 to -5 V ) .  

Drift: i 2  fiV at  constant ambient temperature for 40 hours; 
i O . 2  pV/'C referred to input. i O . 1  m V  at  constant ambient 
for 40 hours; t 0 . 0 5  mV/"C referred to output. 

. 

Zero trim: i 5 0  m V  at  output. 

Overload recovery: 200 msec from t 10 V overload; differential 
input voltages of 1 6 0  V peak will not damage input circuitry 
or chopper. Protection to higher voltages possible. 

Noise: 3 fiV p-p referred to input for gain of 1000 (wideband) .  

Ripple: (peak, due to signal) 0 04% of signal. 

General specifications 
Power: 115 v & l o % ,  50 to 400 Hz;860-4300 approx.5 watts; 

:::Specifications are for source impedances of 1000 ohms and ambient 
temperatures from 15°C to 45°C. Rate of ambient temperature vari- 
ation not to exceed 1O0C/hour. Amplifier will operate with higher 
source impedances. Performance degradation will be in gain accuracy, 
noise specification and temperature coefficient of gain. Amplifier will 
operate in ambients to 60°C. In range above 4 5 " C ,  temperature co- 
efficient of gain will increase to *o.Ol%/"C when used with source 
impedance from 0 to 1000 ohms. 

DIFFERENTIAL AMPLIFIERS 
Low-level amplification of low-level signals 
Model 860-4300 

860-4300 

Dimensions: 7" high, 2" wide, 14.9" deep(178 x 5 1  x 379 
m m )  ;8800-02A, ( 8 ~ h a n n e l  rack mounts and power supplies) 
7" high, 19" wide, 20-55/64" deep (178 x 483  x 530 m m )  ; 
860-200 (2-channel extended-front module) : 3%'' high,l9" 
wide, 191/s" deep ( 8 9 x 4 8 4 ~  486 m m ) ;  860-1400(1-channe~ 
portable case) :  8?/4'" high, 3%" wide, 217/S" long (222 x 83 
x 556 m m ) .  

Weight: 860-4300: net 5 Ibs (2,3 k g ) ,  shipping 1 2  Ibs (5,4 
kg)  ; 8800-024 (power supplies) : net 26 lbs ( 1  1,s k g ) ,  ship- 
ping, 35 Ibs (15,8 k g ) ;  860-200 (2-channel modules): net 
10 Ibs (4,6 k g ) ,  shipping 2 5  Ibs (11,5 k g ) ;  860-1400 (1- 
channel portable case) :  net 2 5  lbs (11,5 k g ) ;  shipping 35 
lbs (15,9 k g ) .  

Prices: Model 860-500A, $225 (1-channel power supply) ; 
Model 860-4300, $625 (8-channel power supply) ; Model 
860-500A2, $210 (1-channel power supply) .  

Accessory prices: Model 860-1400, $100 ( 1  -channel portable 
case) ; Model 860-200, $115 (2-channel module, extended 
f ront ) ,  

Narrower bandwidths, lower output  impedance, higher out- 
put, lower drift and other added capabilities listed below are 
readily available in other versions of Model 860-4300. Contact 
your Hewlett-Packard sales office for complete information. 

Output impedance: <0.5 ohms.When used with Model 8800- 
02A power supply, the low output side of all channels are 
connected together but not to ground; output connection does 
not ordinarily introduce objectionable noise; when used with 
commutators, as in multi-channel data acquisition systems, 
the output noise introduced will be negligible. 

Output capabilities: t 5  V at i 5  m A  to t10 V at  i l O O  mA. 

Dual-output provisions: two 5 mA, or one 5 mA and one 100 
mA. 

Frequency response: plug-in filters with 1 2  dB/octave roll-off 
provide cutoff frequencies to 4 H z  (smooths out noisy sig- 
na ls ) .  

Other versions of 860-4300 

Linearity: ' 0  05% of 

Drift: & 1 fiV at  constant ambient temperature for 40 hours. 

V output ( terminal) .  
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Gain 

OPERATIONAL AMPLIFIER 
High-gain amplifier with plug-in versatility 

Model 2460A; 2461A Plug-ins 

Min. Max. 
3 dB bandwidth settling time to 0.1 % Accuracy 

Advantages: 
Photoconductive chopper, all-transistor circuitry 

Fast settling time, rapid overload recovery for 

Low zero drift-less than 1 ,pV per week 
Low noise-less than 4 JLV peak-to-peak 

for maximum reliability 

systems applications 

T h e  wideband solid-state 2460A Amplifier, moderately 
priced for exceptional value, achieves extremely high reli- 
ability on low-level measurements through a specially designed 
photo-conductive chopper and all solid-state circuitry. Inter- 
changeable plug-in units contain gain control circuits. 

Gain 
x1 

Specifications, 2460A 
(without plug-in) 

Open-loop gain (inverting): (minimum values with load imped- 
ance >1 k)  5 x 10' at dc; 7 x IO3 at 40 Hz, 1 at 1 MHz. 

Open-loop Input impedance: 10 ohms max., dc to 10 kHz; 50 
60 pf max.) 1 M at dc; 150 k at 1 kHz. 

Open-loop output impedance: 10 ohms max., dc to 10 kHz, 50 
ohms max., 10 kHz to 1 MHz. 

Input noise: (referred to summing point, < l o o  k to ground) 4 PV 
p-p max., 0 to 1 Hz; 10 @V rms max., 0 to 1 kHz. 

Zero drift: (referred to summing point, < lo0  k to ground, 2-hr.  
warm-up) constant temperature, 1 pV/week max.; temperature co- 
efficient, 0.5 pVJ"C max. 

Zero adjustment: (referred to summing point) * 5 pV. 
DC output capability: voltage, * 10 V;  current, * 10 mA, dc to 10 

kHz ( 6  dB/octave decrease, 10 kHz to 1 MHz) . 
Overload: amplifier limiting, * I1  to * 1 2 . 5  V output; recovery, 

equal to rise time plus 20 psec ( 5  mA max. to sum point). 
Output load: max. capacitive load for stability, 0.1 PF for gain 

>IO; 0.01 pF for gain < l o ;  short circuit does not damage instru- 
ment. 

Power: 115 or 230 V *lo%, 50 to 1000 Hz, 4 W approx. 
Dimensions: 3" high, 5" wide, 17" deep (76 x 130 x 406 mm).  
Weight: (includes a plug-in): net 6 Ibs (2,7 kg) ; shipping 12 Ibs 

Accessories available: 5060-1938 Combining Case, holds 6 
amplifiers, $200; 5060-0792 Filler Panel, covers one panel 
opening in combining case, $3 each; 5060-0828 Control Panel 
Cover, converts combining case to carrying case, $23; 5060- 
0808 Adapter Frame, holds 3 amplifiers, $25. 

Options: overload indication, front-panel lamp and output signal, 
order 2460A.M1, $480. 

Price: 2460A (less plug-in). $445. 

(5,5 kg) .  

2461A-M1 Data Systems Plug-in 
Gain (inverting): fixed settings, 10, 30, 100, 300, 1000 (Xo position 

shorts output) ; adjustment, *2% on each range (front-panel 
screwdriver control). 

Input resistance: 100 k *0.2%, 50 pF nominal. 
Output resistance: 50 milliohms maximum. 
Bandwidth and settling time: (signal must be within output capa- 

DC gain accuracy: see table; calibrated on X I 0  range, temp. range 
bility, see 2460A spec). 

10 to 50°C. 

Mln. Max. 
3 dB bandwidth settling time to 0.1 % Accuracy 

50 kHz 25 u s e c  k0.597, 

i 

XlOO I 5 kHz 

Six 2460As with 2461A-M1 Data Systems Plug-ins. 

250 psec  I *I% 
XlOOO I 350 Hz 

25 kHz 50 psec  
15 kHz 75 psec  *0.5% 

250 p s e c  *0.5% 

1.5 kHz 750 psec  * 1% 
XlOOO 350 Hz 3.5 msec * 1% 

3.5 msec I +1.5% 

Price: 2461A-M1, $85; combined wlth amplifier, $530. 

2461A-M2 Bench-Use Plug-in 
Gain (inverting): fixed settings, 1, 10, 100, 1000 (XO position shorts 

Input resistance: 100 k t 0 . 2 q 0 ,  50 pF nominal. 
Output resistance: 50 milliohms max. 
Bandwidth and settling time: see table below (signal must be 

DC gain accuracy: see table; vernier at 1 ;  temp. range IO to 50°C.  

output) ; vernier, extends gain each setting, from X 1  to X10. 

within output capability; see 246OA specs). 

I x10 I 25 kHz I 50 psec  I +0.5% 1 

Price: 2461A-M2, $125; combined with amplifier, $570. 

2461A-M3 Patch Unit Plug-in 
Patch panel provides connections for up to 3 inputs and 1 feed- 

back path. Inputs, output, circuit ground and chassis ground avail- 
able at both front panel and rear connector; summing point avail- 
able at front panel only; overload signal at rear only. Price, 
2461A-M3, $75; combined with amplifier, $520. 

2461A-M4 Plus-One Gain Plug-in 
Gain: X I ;  non-inverting. 
DC gain accuracy: (includes linearity, long term stability, 10 to 

Input resistance: 10" ohms, for relative humidity up to 70% at 

Output resistance: 50 milliohms maximum. 
Price: 2461A-M4, 535; combined with amplifier, $480. 

5O0C) *0.005% into 1 k; tO.0002% into 100 k. 

40°C. 



408 

AMPLIFIERS 
Offer 20 or 40 dB gain 
Models 450A, 466A 

450A 466A 

450A Stabilized Amplifier 

T h e  HP Model  4 5 0 A  is ideal as a general-purpose instru- 
ment  wherever wide-frequency range and stable gain are 
essential. T h e  instrument has an extremely stable 20 d B  or 
40 d B  gain over a continuous frequency range of 10 Hz to 
1 MHz. Either gain may be selected quickly with a toggle 
switch o n  the front  panel. 

T h e  amplifier is resistance-coupled and does not use peak- 
ing o r  compensating networks. O p t i m u m  performance is 
obtained entirely f rom a straightforward amplifier design 
in combination with inverse feedback. Phase shift  is negli- 
gible and there are n o  spurious oscillations or resonances. 

Specifications, 450A 

Gain: 20 dB (X10)  or 40 dB (X100)  f 0 . 1 2 5  at 1000 Hz. 
Frequency response: 40 dB gain: k 0 . 5  dB, 10 Hz to 1 M H t ;  

2 1  dB, 5 Hz to 2 MHz;  20 dB gain: 2 0 . 5  dB, 5 Hz to 1 
MHz;  k1 dB, 2 Ht to 1.2 MHz. 

Stability: F 2 % ,  includes line voltage variation 115 or 230 

Impedance: input, 1 megohm, 1 5  pF  shunt; internal, less than 

Distortion: less than I%,  2 Hz to 100 kHz at maximum out- 

Output: 10 V maximum into 3000-ohm or greater load. 
Noise referred to input: 40 dB gain, 40 pV; 20 dB gain, 250  

Power: 115 or 230 V *lo%, 50 to 1000 Hz, 50 watts. 
Dimensions: cabinet: 8%” wide, 5%’’ high, 103/” deep (219 

x 140 x 273 m m ) ;  rack mount: 19’’ wide, 5%” high, 107’8’’ 
deep behind panel (483 x 133 x 270 m m ) .  

Weight: net 10 Ibs (4,5 kg),  shipping 1 5  Ibs (6,s kg) (cabi- 
n e t ) ;  net 11 Ibs (5 k g ) ,  shipping 23 lbs (10,4 kg)  (rack 
mount ) .  

Price: HP 450A, $200 (cabinet);  H P  450AR, $205 (rack 
mount ) .  

v 2 1 0 % .  

150 ohms. 

put;  approximately 2 %  above 100 kHz. 

PV. 

466A AC Amplifier 

T h e  HP Model  466A A C  Amplifier is ideal wherever 
low distortion, stability, wide-frequency range, and  porta- 
bility are  desirable; and  it may be used to increase the  sensi- 
tivity of voltmeters and oscilloscopes, since its gain is accu- 
rate and stable. 

Model  466A is normally furnished with a plug-in supply 
for ac operation. For portable operation or f o r  isolation 
f rom power lines, the supply may be quickly removed and 
replaced wi th  batteries. If you wish, you may specify bat- 
teries in lieu of t he  plug-in supply (Opt ion  01 ) .  

Specifications, 466A 

Gain: 20 dB ( X 1 0 )  or 40 dB (X100)  k 0 . 2  dB at 1000 Hz. 

Frequency response: k 0 . 5  dB, 10 Hz to 1 MHz down 3 dB, 

Output voltage: 1.5 V rms across 1500 ohms. 

Output current: 1 mA rms maximum. 

Noise: 75 pV referred to input, 100,000-ohm source. 

Impedance: input, 1 megohm, 2 5  pF  shunt;  output, approxi- 
mately 50 ohms in series with 100 PF. 

Distortion: less than I%, 10 Hz to 100 kHz; less than 5% to 
1 MHz.  

Power: 115 or 230 V *lo%, 50 to 1000 Hz, approximately 
1 watt (supply normally furnished) : battery operation op- 
tional: radio-type mercury batteries, TR234-316649 or equiv- 
alent, 3 required ( H P  # 1420-0006) ; battery life approxi- 
mately 150 hours. 

Dimensions: 6 % ”  wide, 4” high, 6 % ”  deep (159 x 102 x 159 
m m ) .  

Weight: net 3 lbs (1,4 kg); shipping 4 lbs (1,8 k g ) .  

Price: H P  466A, $165, ac operation. 

HP 466A Option 01: batteries in lieu of ac supply, $150. 

or less a t  5 Hz and 2 MHz. 
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S 0 LI D-STATE A M  P L I F I E RS 
Precision general-purpose amplifiers 

Models 465A, 467A 

465A 467A 

The HP Model 465A is a general-purpose amplifier and 
an excellent impedance converter (10 megohms to 50 ohms). 
This amplifier has extremely stable 20 dB or 40 dB gain 
over a continuous frequency range of 5 Hz to 1 MHz. Either 
gain may be selected rapidly with a switch on the front panel. 

This solid-state amplifier is ideal for increasing the power 
output of solid-state oscillators or amplifiers. The output 
stage provides low-output impedance and wide dynamic 
range. The H P  465A is a three-terminal device isolated from 
chassis and may be floated up to 500 volts dc above chassis 

The solid-state H P  467A Power Amplifier/Supply is a 
10-watt peak power amplifier and -20 to +20 volt dc 
power supply. The power amplifier has a wide bandwidth 
and low dc drift, suitable for many applications wherever a 
power source is required. Unique features are low distortion 
(<0.01%), low drift and high-gain accuracy. 
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An output greater than 2 2 0  volts peak and 0.5 amp peak 
is available from dc up to 1 MHz. At full output the dis- 
tortion of the 467A is less than 3% up to 1 MHz. The am- 
plifier is a three-terminal device isolated from chassis and 
may be floated up to 200 volts dc above chassis ground. A 
front panel switch converts the amplifier to a power supply 
that delivers ~ k 2 0  volts dc at currents up to 0.5 amp. IHz IOHz IOOHz lkHz IOkHz IOOkHz IMHz IOMHz 

FREQUENCY 
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460 B R 

T h e  HP 460 Amplifiers make it possible for  you to  obtain 
at moderate cost true amplification of fast pulses a t  power 
levels sufficient to operate scalers, counting meters and 
cathode-ray tubes. 

T h e  460AR Wideband Amplifier is used fundamentally 
to  provide voltage gain (approx. 20 dB). Its companion 
equipment,  HP 460BR, is designed as a terminal amplifier 
to  give maximum voltage o r  power output.  T h e  amplifier's 
short  rise time of 3 ns, combined with zero overshoot, in-  
sures distortion-free amplification of pulses faster than 10 
ns. T h e  460BR cascaded with the  460AR provides linear 
amplification of 16 volts peak output  and, with two 460BR's, 
pulse amplification to  110 volts open  circuit. 

This  unusual combination gives maximum usefulness fo r  
fast-pulse nuclear radiation problems, television, vhf,  uhf 
or shf work. I t  also means the  bandwidth of your standard 
oscilloscope can be increased to over 100 M H t  and voltmeter 
sensitivity multiplied by 10. I n  cascade o r  singly, the 
amplifiers offer further convenience as general-duty, wide- 
band instruments for all types of laboratory problems. 

Specifications, 460AR 
Frequency response: high frequency: closely matches Gaus- 

sian curve when operating into a 200-ohm resistance load, 
3 dB point is 120 MHz; low frequency: off approx. 3 dB 
at 20 k H t  when driven by a 200-ohm generator and operated 
into a 200-ohm load; off approx. 3 dB at 100 k H t  when 
driven by a 0 source impedance and operated into a 200-ohm 
load; off approx. 3 dB at 3 kHz when operating into an open 
circuit (Le., crt plates) ;  with 410B and 11011A, -+I  dB, 200 
kHt to 200 MHz. 

Gain: nominally 20 dB into 200-ohm load; control range, 6 dB. 
Sinusoidal output: approx. 8 V peak open circuit; approx. 5 V 

peak into a 200-ohm load ( < 5 %  distortion when terminated 
into 200 ohms) .  

Maximum pulse output: + 8  V (+  input) ,  -20 V ( -  input)  
unloaded; +3.2 V (+ input) ,  -8V ( -  input)  loaded. 

Impedance: 200 ohms input, 300 ohms output. 
Noise figure: less than 10 dB. 

Delay characteristics: approximately 14 ns. 
Rise time: nominally 3 ns (10% to 9 0 % ) ;  no appreciable 

Power: 115 or 230 volts + l o % ,  50 to 1000 Hz, 50 watts. 
Dimensions: 19" wide, 5-7/32" high, 7" deep (483 x 133 x 

Weight: net 12 Ibs ( 5 ,  4 k g ) ;  shipping 18 Ibs ( 8 k g ) .  
Price: H P  460AR, $275. 
Accessories available 

overshoot. 

178 m m ) .  

11006A Patch Cord, 200 ohms, 2' long, $27.50. 
11007A Patch Cord, 200 ohms, 6' long, $31.50. 
llOO8A Panel Jack for 200-ohm cables, low capacitance, $10. 
11009A Cable Plug for 200-ohm systems, $9.00. 
1lOlOA 50-ohm Adapter, Type N to H P  460, 50-ohm ter- 

1 lOl lA  Adapter, bayonet sleeve for connecting H P  410B 

11012A Connector Sleeve joins two 11009A Cable Plugs, 

11013A Adapter.for connecting to 5 X P  crt, $11.50. 
l lOl5A Adapter, Type N to H P  460, 200-ohm termination, 

11016A Adapter, Type N to H P  460, no termination, $20.00. 
11017A Adapter, H P  410B vtvm to H P  460, 200-ohm ter- 

8120-0014 Cable, 200 ohms, specify length; per foot, $1.50. 

mination, $17.50. 

vtvm to output of 460A amplifiers, $40. 

$10.00 

$17.50. 

mination, $35. 

Specifications, 460BR 
(Same as 460AR except as follows) 

Gain: nominally 15 dB into 200-ohm load. 
Sinusoidal output: approx. 8 V peak, 200-ohm load; 16 V peak, 

open circuit. 
Maximum pulse output: + 16 V ( -  input) ,  - 110 V ( + in- 

p u t )  unloaded; + 8  V ( -  input) ,  -60 V (+ input)  
loaded; ( + 8  V input required for -100 V ou tpu t ) ;  linear: 
+ 1 6  V ( -  input) ,  -16 V (+  input) unloaded; +S V 
( -  input) ,  -8 V (+ input) loaded. 

Duty cycle: 5 % .  
Impedance: 200 ohms, input and output. 
Delay characteristics: approximately 16 ns. 
Noise figure: less than 6 dB. 
Price: H P  460BR, $325. 



41 1 

SOLID STATE AMPLIFIERS 
Wide band, 40 dB solid-state amplifiers 

Models 461A, 462A 

I 
1 14 :- .... 

461A 462A 

The solid-state HP 461A and 462A Amplifiers are ex- 
cellent wherever wide-frequency range, low distortion and 
portability are desired. 

The 461A Amplifier is a general-purpose instrument de- 
signed to deliver stable gain over a wide-frequency range. 
Either 20 dB or 40 dB gain may be selected with a front- 
panel switch, Figure 1 illustrates the typical frequency re- 
sponse of the 461A. Both input and output impedances are 
matched to 50 ohms. Maximum output is 1/2 volt rms. 

Figure 1. Frequency response curve of HP 461A. Markers shown from 
left to right are: 50, 100, 150 and 200 MHz. Gain control is set in 20 
or 40 dB position. 

The ability of the 462A to amplify very fast pulses can 
be seen in Figure 2. The upper trace (A)  shows a 20 ns 
pulse applied to the input of the 462A Amplifier. The low- 
er trace shows the same pulse amplified at 40 dB, as viewed 
on the HP 185B Sampling Oscilloscope. 

Figure 2. (A) Input Pulse to H P  462A (5 mV peak to peak). (6) Output 
Pulse of H P  462A (500 rnV peak to peak). Gain control is set in 40 dB 
position. Sweep speed is 5 ns,/cm. 

This amplifier gives maximum usefulness for fast-pulse 
applications, television, and vhf work. 

Specifications, 461A 
Frequency range: 1 kHz to 150 MHz. 
Frequency response: t 1 dB, 1 kHz to 150 MHz, when operating 

into a 50-ohm resistive load (500  kHz reference). 
Gain at 500 kHz: 40 dB t 0 . 5  dB; or 20 dB f l . O  dB, selected 

by front-panel switch (inverting). 
Input impedance: nominal 50 ohms. 
Maximum input: 1 volt rms or 2 volts p-p pulse. 
Maximum dc input: f 2 volts. 
Output: 0.5 volt rms into 50-ohm resistive load. 
Equivalent wideband input noise level: less than 40 pV in 40 

Distortion: <5% at maximum output and rated load. 
Overload recovery: <1 p s  for 10 times overload. 

dB position, 

Specifications, 462A 
Pulse response: leading edge and trailing edge: rise time, less than 

4 nanoseconds; overshoot, less than 5%.  
Pulse overload recovery: less than 1 p s  for 10 times overload. 
Pulse duration for 10% droop: 30 p s .  
Equivalent input noise level: less than 40 .KV in 40 dB position. 
Input impedance: nominal 50 ohms. 
Maximum input: 1 volt rim or 2 volts p-p pulse. 
Maximum dc input: f 2 volts. 
Gain: 20 or 40 dB selected by front-panel switch (inverting). 
Output: 1 volt peak-to-peak into 50-ohni resistive load. 
Delay: nominally 12 to 14 nanoseconds. 

General Specifications 
Dimensions: 31442" high, 51/s" wide, 11" deep (87 x 130 x 279 

Weight: net 4 Ibs (1 ,8 kg) ; shipping 6 Ibs (2,7 kg). 
Power: 115 or 230 volts &lo%,  50 to 1000 Hz, 5 watts. 
Connectors: BNC female, 
Accessories available: 11038A 50- to 200-Ohm Transformer, 

$50; 11048B 50-Ohm Feed-thru Termination, $10; Combining 
Cases: 1051A, 3110, or 1052A $120, (each holds six 461A, 
462A Amplifiers). 

mni). 

Price: H P  461A, $325; H P  462A, $325. 
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463A 

A precision amplifier, the solid-state H P  463A has gain 
accuracy better than t 0 . 0 0 1  dB (0.01%) with long-term 
stability of 100 ppm/year, distortion below 0.01% and out- 
put capability up to 100 volts rms at  5 watts continuous. 
The 463A has a bandwidth from dc to 1 MHz and low dc 
drift offering use in many applications such as obtaining a 
high-voltage, low-frequency function generator when used 
with the H P  3300A; a low-distortion, high-voltage source 
when used with the H P  203A; for low-level ac measure- 
ments when used with the 3440A DVM and 3445A Plug-in 
or 741B AVM.  The 100 volt output capability makes it 
practical to measure as much as 110 dB of attenuation. It is 
ideal to amplify the output of most solid-state oscillators, 
or to use as an isolator for thermocouple transfer measure- 
ments. The 100 volt output, with current up to 50 mA, is 
sufficient to drive magnetic memory cores, The H P  Model 
463A Precision Amplifier was designed to meet the most 
critical requirements for high-accuracy, wide dynamic-range 
and low-distortion applications. 

TYPICAL GA IN A T F ~ R A C Y  
10 
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"Specifications, 463A 
Input: 

Fixed gain impedance (Z) : 1 megohm <35 pF 
Adjustable gain 2 :  50 k ohm <200 pF. 
Coupling: ac or dc. 

*For c o m p l e t e  d a t a  r e f e r  t o  T e c h n i c a l  D a t a  Shee t .  

Zero drift, 1200 .uV/'C dc coupled 

hToise (rms):  X10 range: 1 .5  mV. 
k 2 mV/"C ac coupled. 

XlOO range: 150 PV. 
X l O O O  range: 50 FV. 

Gain: 
Fixed: X10. X100. X1000. 
Adjustable: 0 -100% all ranges. 
Accuracy: 0.01% on X I 0  range; 0.1% on X ~ O O  range; 0.3% on 

XlOOO range. 

Frequency Response: 
DC coupled: 

X 1 0  gain: dc to 10 kHz, <-CO.OOl dB; 10 kHz to 100 kHz, 

XlOO gain: dc to 10 kHz. <*o.Ol dB; 10 kHz to 100 kHz, 
< CO.01 dB; 100 kHz to 1 MHz, < * 3  dB. 

, .  < *-O.l dB. 

< C0.03  dB; 2 0  kHz to 100 kHz, < k O . 3  dB. 

gain.) 

XlOOO gain: dc to 10 Hz, < f O . l  dB; 10 Hz to 20 kHz, 

(Ac-coupled is same as above except -3 dB at 0.5 Hz at fixed 

output: 
Voltage: dc: 110 V, 20 mA; ac: 100 V rms, 50 mA 
Power: 5 watts. 
Impedance: X10 range; 0.05 ohms dc to 10 kHz, 0.5 ohms 10 

X I 0 0  range: 0.2 ohms dc to 10 kHz, 2 ohms 10 kHz to 

XlOOO range: 2 ohms dc to 10 kHz, 20 ohms 10 kHz to 

kHz to 100 kHz. 

100 kHz. 

100 kHz. 
Distortion: 

X10 gain: < l o  kHz, <fO.Ol%; <lo0  kHz, < O . l % .  
XI00 gain: < IO kHz, < k 0 . 0 3 % ;  < l o 0  kHz, < o . l % .  
XlOOO gain: <IO kHz, < I - O . l % ;  <IO0 kHz, <0.5%. 

General: 
Temperature range: 0 to +50°C. 
Power: 115 or 230 V, * lo%,  50 to 1 kHz, approx. 50 watts 

full load. 

x 336,6 mm).  
Dimensions: 5362'' high, 16%" wide, 13%" deep (132,6 x 425,6 

Weight: net 19 lbs (8,6 kg) ; shipping 23 Ibs (10,3 kg) .  
Price: HP 463A, $590. 
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POWER AMPLIFIER 
Provides more than 4.5 watts, 10 to 500 MHz 

Model 230A 

The HP 230A Signal Generator Power Amplifier is 
the ideal solution to high rf power requirements, includ- 
ing receiver testing, wattmeter calibration, antenna testing, 
filter and component testing and attenuation measurements. 

The amplifier may be conveniently driven with any con- 
ventional signal generator and is designed to reproduce 

AM, FM and pulse modulation characteristics of the driv- 
ing generator with minimum distortion, 

The 230A employs three tuned, cascaded stages of 
grounded-grid amplification fed from a regulated power 
supply. An rf output voltmeter is also included and the unit 
is designed for either standard 19" rack or cabinet use. 

Radio frequency characteristics 

Specifications 
Amplitude modulation characteristics 

RF range: total range: 10 to 500 MHz; number bands: 6; 
band ranges: 10 to 18.5 MHz, 18.5 to 35 MHz, 35 to 
65 MHz, 65 to 125 MHz, 125 to 250 MHz, 250 to 
500 MHz. 

RF calibration: increments of approximately lo%, accu- 
rate to + lo%.  

RF output: range: up to 1 5  volts (across external 50-ohm 
load); calibration: 0.2 to 3 volts f.s., increments of 
approx. 5%; 1 to I O  volts f.s., increments of approx. 
5%; 2 to 30 volts f.s., increments of approx. 5%; 
accuracy: k1 dB of f.s. (10 to 250 M H t ) ,  k 1 . 5  dB 
of f.s. (250 to 500 MHz); impedance: 50 ohms; leak- 
age: effective shielding is greater than 40 dB. 

RF bandwith:* >700 kHz (10 to 15oMHz);>1.4 MHz 
(150 to 500 MHz).  

RF input: level**: 5 0 . 3 1 6  volts, 30 dB gain, (10 to 1 2 5  
M H z ) ;  5 0 . 4 4 6  volts, 27 dB gain, (125 to 250 M H z ) ;  
5 0 . 6 3  volts, 24 dB gain, (250 to 500 M H z ) .  

*Frequency interval between points  3 dB down f rom max. response. 
**For 10 volts output into 50 ohms. 

AM range: reproduces modulation of driving signal gen- 

AM distortion: <lo% added to distortion of driving sig- 
erator 0 to l O O % t .  

nal generators?, 
Frequency modulation characteristics 

FM range: reproduces modulation of driving signal gen- 
erator except as limited by the rf bandwidth. 

Incidental AM: 10% added to modulation of driving sig- 
nal generator (at 150 kHz deviation) . 

FM distortion: negligible distortion added to distortion of 
driving signal generator for deviations and modulation 
frequencies < 150 kHz. 

Physical characteristics 

Dimensions: 16%" wide, 7-3/16" high, 18-lj l6"deep 

Weight: net 37 Ibs (16,7 k g ) ;  shipping 45 Ibs (20,3 kg) .  
Power: 105 to 125 or 210 to 250 V, 50 to 60 Hz, 150 W. 
Price: H P  230A, $1200. 

(425 x 183 x 459 mm). 

t u p  to  5 vol t  max. carrier output f o r  up to  100% AM. 
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Frequency 
range (GHz) 

Advantages: 
DC-coupled modulation circuitry allows power 

PPM focusing means fewer alignment problems 

Antenna efficiency and pattern measurements 
Extends attenuation measuring systems capability by 

Amplification of frequencies from 1 to 12.4 GHz is accom- 
plished in four ranges by the Hewlett-Packard microwave 
amplifiers. Each delivers at least 1 watt with an input of 
1 mWor less, a gain of at least 30 dB. 

Amplitude modulation circuitry has been designed for 
wide bandwidth (down to dc) and with internal amplifica- 
tion, so that small modulation signals cause a large output 
power change. This unique modulation circuitry also per- 
mits power leveling with external elements, plus remote 

leveling and remote programming 

Uses: 

at least 30 dB 

48911 491c 493A 49511 

1-2 2-4 4-8 7-12.4 

programming. Spurious phase modulation of 0 . 1 O  or less 
and residual AM at least 45 dB below carrier are assured 
by regulation of the filament, anode and helix power sup- 
plies. TWT cathode current is monitored by a front-panel 
meter and can be controlled by the Gain adjustment for 
rated power output, or for reducing tube current to extend 
tube life when full output power is not required, Helix, 
collector and anode current can be measured at an easily 
accessible test point board. 

Periodic permanent magnet focusing reduces weight, 
size and power consumption and at the same time alleviates 
alignment problems, Protective features incorporated to 
prevent TWT failure include an overload relay on the 
helix power supply, a three-minute time delay on the beam 
supply and a fail-safe circuit that disconnects ac power 
whenever the regulated filament supply voltage exceeds a 
predetermined level. 

across fu l l  
band 

Specifications 

< l o d B  5 l O d B  5 1 2 d B  < l o d B  
Gain variation wi th 

+ lo% variation 
from rated l ine 
voltage 

max. noise figure 
typ. noise power 

Noise 

out 
Price 

I Gainat ratedoutput 1 30 dB I 30 dB 1 30 dB I 30 dB I 

- < l d B  5 l d B  S l d B  S l d B  

30 dB 30 dB 30 dB 30 dB 

-10dBm -10dBm OdBm OdBm 
$2250 $2250 $2600 $2600 

I Gain variation wi th I I I I I 
freq. 
at rated output 1 5 6 d B  1 5 6 d B  1 5 6 d B  1 5 6 d B  1 
small signal 

across any 
10%of band I < 5 d B  I 5 5 d B  1 5 5 d B  I S 5 d B  I I 

For all models 
Maximum rf input: 100 mW. 
Input/output characteristics: impedance, 50R; reflection 

coefficient (cold), 5 0 . 4 3  (2.5 swr, 7.3 dB return 
loss) ; connectors, type N female. 

Sensitivity: a signal -20 volts peak at the modulation 

Frequency response: dc to 500 kHz ( 3  dB) , 
Input impedance: 100 k n  shunted by approx. 50 pF. 
Pulse response: < 1 psec rise and fall times. 
Residual AM: at least 45 dB below carrier. 

Dimensions: 16%” wide, 5%” high, 183/8’’ deep (426 x 
141 x 467 mm); hardware furnished for conversion to 
rack mount 19” wide, 5-7/32” high, 163/” deep be- 
hind panel (483 x 133 x 416 mm).  

Weight: net 38 Ibs (17,l kg) ; shipping 43 Ibs (1534 kg) . 
Power: 11.5 or 230 volts + lo%,  50 to 60 Hz, approx. 

Accessories available: 11500A Cable Assembly, $15; 

Amplitude modulation 

input reduces rf output by more than 20 dB. 

2 2 5  watts. 

11501A Cable Assembly, $15. 
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GENERAL INFORMATION OSCIL L OSCOPES 

The cathode-ray oscilloscope is an ex- 
tremely fast x-y plotter which plots an input 
signal versus another signal or versus time. 
The "stylus" is a luminous spot which moves 
over the display area in response to input 
voltages. In the usual scope application, the 
x-axis input is an internally generated linear 
ramp voltage which moves the spot uni- 
formly from left to right across the display 
screen. The voltage being examined is ap- 
plied to the y-axis input, moving the spot up 
or down in accordance with its instantaneous 
value. The spot then traces a curve which 
shows how the input voltage varies as a func- 
tion of time. 

When the signal being observed is repeti- 
tive at a fast enough rate, the display ap- 
pears as a steady line. The cathode-ray oscil- 
loscope, thus, is a means of visualizing time- 
varying voltages. As such, it has become a 
universal tool in all kinds of electronic in- 
vestigations. In addition to voltages, a scope 
can present visual representations of a wide 
variety of dynamic phenomena by the use 
of transducers for converting current, strain, 
acceleration, pressure and other physical 
quantities into voltages. 

The cathode-ray tube 
The cathode-ray tube (crt) is the heart of 

of the cathode-ray oscilloscope, with the rest 
of the instrument consisting of circuitry for 
operating the crt. As is commonly known, 
this tube has an electron gun at one end and 
a phosphor display screen at the other end. 
The gun has a thermionic cathode, various 
accelerating electrodes for directing emitted 
electrons toward the display screen, and a 
focusing electrode. The resulting narrow 
beam of electrons from the gun strikes the 
phosphor in a small spot with enough energy 
to cause fluorescence. 

On leaving the gun, the electron stream 
passes between each of two pairs of de- 
flection electrodes. Voltages applied to these 
electrodes bend the beam, voltages on one 
pair of electrodes moving the beam up and 
down and voltages on the other pair moving 
it from side to side. These movements are 
independent of each other, so that the spot 

may be positioned anywhere on the phosphor 
screen by appropriate voltage inputs. 

The accuracy with which the viewed wave- 
form corresponds to the deflection voltages 
depends in large measure on the performance 
of the cathode-ray tube. Careful design of 
the electrodes and the precision manufac- 
turing techniques of the Hewlett-Packard 
cathode-ray tube facility insure that the beam 
moves linearly with respect to the deflection 
voltages. Precision CRT's make it possible to 
measure accurately the input voltage ampli- 
tude at any point o n  the waveform by mea- 
surement of the amount of deflection of the 
fluorescent spot. 

The cathode-ray tubes in most low-fre- 
qumcy scopes are mono-accelerator types in 
which all electron acceleration takes place in 
the gun section. The electron stream is not 
subjected to any electrostatic fields after leav- 
ing the gun section, insuring straight-line 
travel to the phosphor screen. Accurate de- 
flection factors result and the bright, clear 
cathode-ray trace remains sharply focused 
throughout the large display area. 

The Model 132A Dual-Beam Oscilloscope 
uses a dual electron gun crt together with 
two pairs of horizontal and vertical deflec- 
tion plates and amplifiers to achieve two 
completely independent displays. This allows 

F i g u r e  1. T w o  c o m p l e t e l y  i n d e p e n d e n t  b e a m s  
a l l o w  t h e  M o d e l  132A t o  m a k e  a  w i d e  v a r i e t y  
of  m e a s u r e m e n t s .  

dual x-y measurements, simultaneous x-y and 
y-t plots, and displays with two different 
sweep speeds. The dual-beam scope is also 
ideal for transit study of rapidly changing 
signals, since a single-beam dual-trace scope 
cannot display two single shots at high sweep 
speeds. 

High-frequency oscilloscopes require a 
cathode-ray tube (CRT) which produces 
bright traces even at fastest sweep with low 
duty cycle signals. An additional accelerating 
potential, known as a post-acceleration volt- 
age, is applied between the gun and phosphor 
screen regions to obtain the bright traces. 

New designs in CRTs have increased the size 
of the display window and reduced the over- 
all length of the tube. In the Model 180A 
Oscilloscope the rectangular bottle allows an 
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OSCILLOSCOPES GENERAL INFORMATION 

eight centimeter horizontal deflection. Mag- 
nification is obtained, while retaining 3 V/cm 
vertical drive sensitivity, by using a curved, 
high-transmission mesh at the exit side of the 
deflection region. The overall acceleration 

1 

FORCE 

0 -CENTER OF DEFLECTION 
S -CENTER OF CURVATURE OF MESH 
d I  -DEFLECTION WITHOUT PA FIELD 
d2-DEFLECTION WITH RADIAL PA FIELD 

I 

Figure 2. The HP-developed mesh crt makes 
possible the high performance of the Model 
140A and 180A scopes. 

potential is 12 kV for brightness. In the 
Model 140A Oscilloscope this mesh permits 
a 10 x 10 cm display area with 7.5 kV of 
accelerating potential. 

Internal graticule 
A graticule, usually rectangular, is placed 

in the display area to allow accurate mea- 
surements of the display. All H P  CRT's in- 
corporate an internal graticule which is 
placed in the same plane as the phosphor. 
The internal graticule avoids errors caused 
by parallax which otherwise exists when the 
graticule is external to the tube, separated 
from the phosphor by the thickness of the 
glass face-plate 

Basic oscilloscope circuitry 

~ 

Figure 3. Oscilloscope block diagram. 

The primary subsystems of a cathode-ray 
oscilloscope are the crt, the vertical deflec- 
tion system, the horizontal deflection system, 
and the power supplies. The power supplies 
include focusing and intensity controls for 
adjusting the crt spot. 

The horizontal deflection system supplies 
drive voltages for moving the electron beam 
horizontally. Since so many measurements 

are concerned with plotting voltage versus 
time, the horizontal deflection system also 
includes sawtooth waveform generators for 
sweeping the beam horizontally at a uniform 
rate, plus synchronizing circuits for starting 
the horizontal sweep at a specific instant with 
respect to the measured waveform. 

The horizontal amplifiers of all Hewlett- 
Packard scopes may be used separately from 
the sweep generating circuits for deflecting 
the horizontal beam in response to external 
waveforms, a useful technique for making 
x-y plots. 

The vertical deflection system consists of 
an amplifier chain for amplifying low-level 
input signals sufficiently to drive the crt spot. 
Attenuators are included, so that a wide 
range of input signal amplitudes may be ac- 
commodated within the vertical dimension 
of the display area. 

Vertical amplifiers 
The amplifiers in Hewlett-Packard oscillo- 

scopes are stable enough to permit voltage 
measurements with confidence to at least 

3% accuracy. To verify amplifier accuracy, 
all scopes have built-in calibrators which 
supply precisely controlled signals for use as 
calibrating test signals. 

High amplifier gain, with minimum drift 
and noise, is obtained in H P  scopes by care- 
ful circuit design. Large amounts of negative 
feedback, aided by the use of regulated power 
supplies, achieve gain stability for measure- 
ment accuracy. 

DC coupling, included on all scopes, pre- 
serves the waveform of slowly varying signals 
and also permits a dc reference line to be 
established on the display, facilitating precise 
amplitude measurements. D C  coupling is not 
dcsirable, though, when a small ac com- 
ponent on a relatively large dc voltage is to 
be examined. All H P  scopes have provision 
for inserting decoupling capacitors into the 
signal line when dc coupling is not desired. 

Excellent dc stability with virtually no 
drift is achieved through the use of a DC 
Stabilizer (as used in the Model 155A 
Oscilloscope and hfodel 1406A and 1407A 
Plug-ins) recently developed by HP.  The 
stabilizer corrects (approximately 3 times per 
second) for any drift by means of a sampling 
feedback circuit. The correction is made at 
the end of a sweep, and therefore, is un- 
noticed by the operator. 

Another recent advancement is the use of 
field effect transistors as used in the iModel 
l8OA Oscilloscope. The Model 180A ampli- 
fier circuits were designed to use FET's in- 
stead of vacuum tubes or nur,istors. This de- 
velopment permitted the design of a 100% 
solid state oscilloscope (except for the crt) .  
Field effect transistors also considerably re- 
duce amplifier drift, and virtually eliminate 
turn-on drift. This allows accurate measure- 
ment as soon as the crt warms up. 

Differential input, for accepting balanced 

signals, is available in many H P  scopes. The 
balanced amplifier design means that balanced 
input signals can be connected directly to 
these scopes. When used in the differential 
mode, the scope displays the voltage dif- 
ference between the signals on the two input 
leads, while canceling "in-phase'' (common 
mode) voltages existing on both leads. The 
Model 1403A Plug-in, for example, has a 
common mode rejection ratio as high as 106 
dB; which allows maximum sensitivity to be 
used with low level signals such as trans- 
ducer outputs. 

Delay lines in the vertical amplifiers of the 
175A, 180A, and 1402A 20 MHz Plug-in 
for the Model 140A/141A oscilloscopes al- 
low observation of the leading edge of the 
waveform which triggers the sweep. Sync 
takeoff occurs ahead of the delay line, allow- 
ing the sweep circuit sufficient time to get 
under way before the leading edge is actually 
displayed. The strip-line delay line used in 
the iModel 180A is another new feature re- 
cently developed by HP. It is small, light- 
weight, and provides a delay of 160 nsec with 
a bandwidth of 140 iMHz. 

A widely used option in scope vertical 
deflection systems is the provision for two 
signal channels. Dual-channel operation is 
obtained most conveniently by electronic 
switching between signal channels, resulting 
in alternate displays of the two signals. 
Switching may cccur between sweeps so that 
the waveform of one channcl is displayed 
during one sweep, and the other waveform is 
displayed on the next sweep; or switching 
may occur rapidly (40 kHz to 1 iMHz) for 
displaying samples of both channels during 
one sweep. This latter method, frequently re- 
ferred to as "chopped" presentation, is most 
often used for low-frequency waveforms 
which otherwise would flicker with alternate- 
sweep presentation. 

Dual-channel presentation enables ccm- 
parison studies of two signals, such as phas: 
measurements or studies of an amplifier's out- 
put signal versus its input. The two inputs 
of dual-channel scopes have separate pre- 
amplifiers and attenuators for independent 
adjustment of the amplitudes of the two 
signals. 

The crt of the Model 132A has two elec- 
tron guns and two sets of deflection plates. 
This arrangement allows single-shot ob- 
servations of events that are too fast for 
the "chopped" dual-trace method described 
above. Also, simultaneous x-y and y-t dis- 
plays or two different sweep speeds are pos- 
sible without expensive delay generators 
usually found only in eleborate high-fre- 
quency scopes. 

Horizon t a I amplifiers 
The amplifiers for horizontal deflection in 

H P  low-frequency scopes have phase shift 
characteristics which are matched to the 
vertical amplifiers up to and beyond 100 
kHz. In particular, the Model 130C features 
vertical and horizontal amplifiers which have 
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Figure 4 .  Phase measurement using scope in x-y mode. 

identical characteristics with respect to both 
phase and sensitivity. In the high frequency 
scopes, such as the Model 140A, matching 
is done with identical plug-in amplifiers. 

Matched amplifier characteristics enhance 
the precision of phase measurements in the 
x-y mode. A typical sine wave phase measure- 
ment is diagrammed in Figure 4. Here, hori- 
zontal and vertical amplifier gains are ad- 
justed for equal deflection. The resulting 
display pattern is an elipse whose shape in- 
dicates the phase angle between the signals 
at the scope's input. At one extreme this 
elipse becomes a straight line slanting 
towards the right at 45" (0 "  phase shift). 
At the other extreme, it slants to the left at 
45" (180" phase shift). Other values of 
phase shift lie between these extremes; 90" 
(or 270") phase shift generates a circle. The 
phase shift is calculated from measurements 
of the parameters indicated on the diagram.' 
Useful voltage-current phase relationships 
also can be studied by using an H P  current 
probe as one of the input signals. 

Time bases 

Triggering the sweep is quick and easy 
with H P  scopes through the use of auto- 
matic triggering. Present adjustments pro- 
duce synchronized sweeps with little or no 
adjustment of the front-panel controls. An 
automatic baseline, present on many H P  
scopes facilitates setting up the display in the 
absence of an input signal. The sweep mag- 
nifier feature is valuable for close examina- 
tion of trace segments which occur too late 
in time after the start of the trace to be ex- 
amined with faster sweeps. 

The delay generator, available with all H P  
plug-in scopes, produces a delay time be- 
tween the input trigger and the sweep start. 
This capability is used in a variety of ways 
for the study of complex waveforms. One 
of the modes is Mixed Sweep, shown in 
Figure 5 .  

IFor a direcbreading method of phase shift 
measurement, the reader is referred to "A 
Convenient Method for Measuring Phase 
Shift," H P  Application Note No. 29, free on re- 
quest. 

Figure 5. Train of pulses displayed in dual 
speed Mixed Sweep by an H P  delay generator 
plug-in. 

Plug-in oscilloscopes 
Hewlett-Packard plug-in oscilloscopes en- 

able the user to make a very wide variety of 
measurements with just one oscilloscope, 
since instrument characteristics can be al- 
tered simply by changing the vertical and 
horizontal plug-ins. Bandwidth, sensitivity, 
number of channels, and time base all can be 
tailored to exact needs; other features such 
as trace recorders may be added at will. All 
H P  plug-in scopes (Models 140A/141A, 
175A, 180A) have wide bandwidths for 
maximum flexibility. 

The Models 140A/141A are capable of 
measuring signals up to 12.4 GHz. The in- 
strument is extremely versatile, since it con- 
tains only power supplies, crt, and a cali- 
brator. Everything else is plugged in, With 
appropriate plug-ins, the 140A/141A can 
become a dual-channel high-frequency scope, 
a low-frequency scope with 10 ,uV/cm 
sensitivity, a sampling scope, or even a time 
domain reflectometer for analyzing broad- 
band systems. 

Figure 6. The design of the HP 140A/141A 
Oscilloscopes allows a double sized duabaxis 
plug-in to be used when the center shield is 
removed from the plug4n compartment. 

The Model 180A, newest of the H P  
plug-in scopes, is portable (only 30 pounds 
including plug-ins) and 100% solid state 
(except for crt), This instrument uses a new 
plug-in concept, where the vertical and hori- 
zontal units are attached together (mechani- 
cally, and electrically) before inserting them 
into the frame. The 8 x 10 cm crt is 30% 
bigger than any other high frequency scope, 
allowing more accurate measurements. This 
scope also meets high environmental speci- 
fications, both electrical and mechanical, over 
a temperature range of -28°C to S65"C.  

Figure 7. Model 180A features aircraft type 
frame construction for maximum ruggedness 
with minimum weight. 

The Model 175A is a 50 MHz scope with 
unusual versatility. It accepts various multi- 
channel vertical plug-ins, as well as horizon- 
tal plug-ins, for recording, and sweep de -  
lay. 

Figure 8. Dual plug-in capability adds un- 
usual versatility to the Model 175A Scope. 
The Model 1784A plugin  produces strip-chart 
recordings of displays with pushbutton ease. 

Sampling oscilloscopes 
Sampling oscilloscopes, with bandwidths 

to 12.4 GHz, use a stroboscopic approach 
to reconstruct the input waveform from 
samples taken during many recurrences of 
the waveform, thereby circumventing the 
bandwidth limitations of conventional CRT's 
and amplifiers. This technique is illustrated 
by the waveforms of Figure 9. In reconstruct- 
ing a waveform, the sampling pulse "turns 
on" the sampling circuit for an extremely 
short interval and the waveform voltage at 
that instant, shown by the dots on the wave- 
form, is measured. The crt spot is positioned 
vertically to the corresponding voltage ampli- 
tude. 

The next sample is taken during a subse- 
quent cycle at a slightly later point on the 
input waveform. The crt spot moves hori- 
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and gain stability are thus achieved. All H P  
wideband sampling scopes feature feed- 
through inputs for monitoring signals with- 
out terminating or otherwise disturbing 
them. Feed-through inputs also allow for 
precise Time Domain Reflectometry mea- 
surements. 

Dual-trace operation 
Separate sampling circuitry and inputs 

are provided for each channel of the Model 
1410A and 141 1A Dual-trace Plug-ins. Sam- 
pling operations are carried out in both chan- 

tings of the positioning, intensity and sweep 
trigger controls. 

Reliability through conservative design is 
built into all H P  scopes. They are designed 
for ease of servicing, with all components 
readily accessible. Edge-on connectors and 
plug-in or snap-out circuit boards allow easy 
removal of entire circuit sections for replace- 
ment or repair. 

Most H P  scopes are packaged in modular 
cabinets (page 5 6 8 ) .  These instruments can 
be stacked on the bench with other HP in- 
struments or quickly converted to rack 
mounting. A tilting bail raises either end for 
easier viewing on the bench. 

Input 
Woveform 

Sampling 
Pulses A I A h A A 1 A 
Trigqefs n h n h h h h h h 

F i g u r e  9. W a v e f o r m s ,  p e r t i n e n t  t o  o p e r a t i o n  of s a m p l i n g  osc i l l oscope .  A c t u a l  photo h a s  1000 
s a m D l e s  w h i c h  b l e n d  i n t o  c o n t i n u o u s  l ine .  

zontally a short distance and is repositioned 
vertically to the new voltage. In this way, the 
scope plots the waveform point by point, as 
many as 1000 samples being used to recon- 
struct the waveform. 

A bright trace is obtained regardless of 
sampling rate, sweep speed, or waveform 
duty cycle, since each crt spot remains "on" 
during the full interval between samples. 
Also, small fluctuations on large signals may 
be examined in detail because of the excep- 
tional dynamic range of the sampling scope. 
For instance, any part of a 2 V signal may 
be viewed with 0.4 mV/cm sensitivity by 
adjusting vertical position. 

Sampling circuit 
The unique sampling circuit, developed 

by HP, minimizes circuit loading with its 
high input impedance. During a sampling 
interval, sampling pulses momentarily bias 
the dicdes of the balanced sampling gate in 
the forward direction, briefly ccnnecting in- 
put capacitance to the test point (the bal- 
anced bridge minimizes coupling of the 
sampling pulses back into the test circuit). 
The capacitance is charged slightly toward 
th: new voltage level. This charge is then 
amplified to the original value present in the 
test circuit and fed back to the input. In 
effect, the circuit detects the "error" signal 
between the previous and the new samples 
and nulls out the difference. High sensitivity 

nels simultaneously. This allows simultane- 
ous display of two input waveforms with no 
displacement in their phase relationship. 

Circuit measurement 
considerations 

The high-impedance probes supplied as 
integral parts of the Model 1410A Dual- 
Trace Amplifier enable circuit probing in the 
usual sense with minimum circuit disturb- 
ance. When working with fast pulse or high- 
frequency circuits, however, the inductance 
of any conductor can have an appreciable 
effect (about 0.025 uh per inch), and straj. 
capacitance can resonate with this induct- 
ance. The Model 1410A probes have short, 
low-inductance probe pins to minimize this 
effect. Compatible accessories, such as dc 
blocking capacitors and voltage dividers, are 
available for extending the usefulness of the 
probes. 

Other features 

The beam finder button, a convenience 
feature found on H P  scopes, simplifies trace 
centering. Pressing this button reduces the 
gain of both horizontal and vertical ampli- 
fiers while simultaneously brightening and 
defocusing the trace. In this way, the trace 
is brijught on screen, regardless of the set- 

Selecting an.oscilloscope 
Choice of an oscilloscope is based largely 

on considerations of both performance capa- 
bilities and versatility. Versatility is greatly 
enhanced if the scope has plug-in capability, 
since the scope's performance can be altered 
by use of the appropriate plug-in. Plug-in 
capability also enables a scope's perform- 
ance to be updated as new plug-ins become 
available. The prospective purchaser should 
decide, first of all, whether his applications 
are brcad enough to require plug-in versa- 
tility. 

Bandwidth and deflection factor (sensi- 
tivity) of the vertical amplifiers are the pri- 
mary characteristics which describe an oscil- 
loscope's performance capabilities. Wide 
bandwidth is obtained at the expense of more 
complicated circuitry and more expensive 
cathode-ray tubes, High deflection factor re- 
quires more amplifier stages and added re- 
finements for minimizing dc drift and noise. 

Hewlett-Packard's general-purpose oscil- 
loscopes make accurate voltage and time mea- 
surements on a wide variety of waveforms 
in the subsonic, audio, ultrasonic and low rf 
frequency ranges. These scopes are intended 
for analysis of waveforms in which little im- 
portance is attached to frequency components 
beyond 500 kHz. The dc amplifiers and long 
sweep rates are suitable for medical and 
mechanical studies, as well as for low-fre- 
quency electrical work. At the same time, 
fast sweep speeds are provided in these in- 
struments for detailed studies of transient 
phenomena, vibration effects, audio analysis 
and other high frequency physical events. 

Since these instruments have relatively 
simIjle circuitry and construction, they are 
the most economical type of oscilloscope. In 
applications such as systems, where the scope 
performs just one function and the added 
expense of plug-in flexibility is not needed, 
the general-purpose oscilloscope provides 
maximum economy. 

In all cases, it is recommended that the 
customer consult with the local H P  field en- 
gineer. The field engineers are trained in the 
use and applications of all H P  instruments 
and can assist in solving the particular ap- 
plications problem in the most emncmical 
way. 
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Accelerating Voltage-The cathode-to-view- 
ing-screen voltage applied to a cathode ray 
tube for the purpose of accelerating the 
electron beam. 

Alternate Mode-A means of displaying out- 
put signals of two or more channels by 
switching the channels, in sequence, after 
each sweep. 

Automatic Triggering-A mode of triggering 
in which one or more of the triggering cir- 
cuit controls are preset to conditions suit- 
able for automatically displaying repetitive 
waveforms. The automatic mode may also 
provide a recurrent trigger or recurrent 
sweep in the absence of triggering signals. 

Bandzcidth-A statement of the frequencies 
defining the upper and lower limits of a 
frequency spectrum where the amplitude 
response of an amplifier to a sinusoidal 
waveform becomes .707(--3dB) of the am- 
plitude of a reference frequency. When 
only one number appears, i t  is taken as the 
upper limit. 

Chopped Mode-A time sharing method of 
displaying output signals of two or more 
channels with a single cathode ray tube 
gun ,  in sequence, at a rate not referenced 
to the sweep. 

Common Mode Rejeciion Ratio (CMRR)- 
Ratio of the deflection factor for a com- 
mon-mode signal to the deflection factor 
for a differential signal. 

Conzmom-Mode Signal-The instantaneous 
algebraic average of two signals applied 
to a balanced circuit, all  signals referred 
to a common reference. 

Common-Mode Signal Maximum-The larg- 
est common-mode signal at which the 
specified common-mode rejection ratio is 
1.a I id, 

DC Balance-An adjustment of circuitry to 
avoid a change in dc level when changing 
gain. 

DC D ~ i f t  (Stability-Property of retain- 
ing defined electrical characteristics for 
a prescribed period. 

Glossary of oscilloscope terminology 
D C  Shift-An error in transient respmse 

with a time constant approaching several 
seconds. 

Deflection Axis-The major coordinates 
passing through the center of the viewing 
area. 

Deflection Factor (Sensitivity)-The ratio 
of the input signal amplitude to the re- 
sultant displacement of the indicating spot 
(e.g., volts/division) . 

Delajed Szueep-A sweep that has been de- 
layed either by a predetermined period or 
by a period determined by an additional 
independent variable. 

Differential Anzplifier-An amplifier whose 
output signal is proportional to the alge- 
braic difference between two input signals. 

Dual-Beam Oscilloscope-An oscilloscope in 
which the cathode ray tube produces two 
separate electron beams that may be indi- 
vidually or jointly controlled. 

Dual Trace-A mode of operation in which 
a single beam in a cathode ray tube is 
shared by two signal channels. See Alter- 
nate Mode and Chopped Mode. 

Free-Running Sweep-A sweep that runs 
without being triggered and is not synchro- 
nized by any applied signal. 

Guafded Input-Means of connecting an  
input signal so as to prevent any common 
mode signal from causing current to flow 
in the input, thus differences of source 
impedance do not cause conversion of thc 
common mode signal into a differential 
signal. 

Input RC Characteristics-The dc resistance 
and capacitance to ground present at the 
input of an oscilloscope. 

Interual Graticule-A scale for measurement 
of quantities displayed o n  the crt whose 
rulings are a permanent part of the inner 
surface of the cathode ray tube faceplate. 

Jitter-An aberration of a repetitive display 
indicating instability of the signal or of 
the oscilloscope. iMay be random or 
periodic, and is usually associated with 
the time axis. 

Cathode ray tube phosphor characteristics 

Magnified Sweep-A sweep whose time per 
division has been decreased by amplifica- 
tion of the sweep waveform rather than by 
changing the time constants used to gen- 
erate it. 

Mixed Sweep-In a system having both a de- 
laying sweep and a delayed sweep, a 
means of displaying the delaying sweep 
to the delaying pickoff .and the delayed 
sweep beyond that point. 

Risetime-The interval between the instants 
at which the pulse amplitude first reaches 
specified lower and upper limits. Unless 
otherwise stated, these limits shall be 10% 
and 90% of the pulse's amplitude. 

Single Sweep-Operating mode for a trig- 
gered-sweep oscilloscope in which the 
sweep must be reset for each operation, 
thus preventing unwanted multiple dis- 
plays. 

Sweep-An independent variable of a dis- 
play: unless otherwise specified, this 
variable is a linear function of time, but 
may be any quantity that varies in a de- 
finable manner. 

Sweep H o Id o f f-T h e in t e r r  a I between 
sweeps during which the sweep and/or 
trigger circuits are inhibited. 

Time Base-The sweep generator in an 
oscilloscope that generates the time func- 
tion, which is usually linear and expressed 
in sec/cm. 

Time Base Accuracj-Accuracy of the time 
base usually expressed in terms of average 
rate error as a percent of full scale. 

Tfigger-A pulse used to initiate some func- 
tion. 

Trig<qering Lwel-The instantaneous level of 
a triggering signal at which a trigger is tn 
be generated. 

TriggetGzK Slope-The positive going (+  
slope) or negative slope (- slope) portion 
of a triggering signal from which a trig- 
ger is to be derived. 
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The HP Model 120B Oscilloscope is an easy-to-use, 
general-purpose oscilloscope for both laboratory and indus- 
trial applications. I t  combines accurately calibrated hori- 
zontal sweep times and vertical deflection sensitivities with 
an internal graticule CRT that eliminates parallax error. In 
addition, the front panel controls are logically grouped by 
function to simplify operation. The automatic triggering 
feature synchronizes the sweep circuitry with the displayed 

waveform, eliminating time-consuming trigger adjustments. 
The Hewlett-Packard modular enclosure is equally well 
suited for bench use or for rack mounting with the hard- 
ware provided with each instrument. Moreover, the remov- 
able top and bottom covers of the modular enclosure permit 
access to all components and adjustments within the instru- 
ment for easy routine maintenance. 

1 2 0 B  

Specifications 
Time base 

Range: 5psec/cm to 200 msecicm. 1 5  ranges in a 1 ,  2 ,  5 .  sequence; ac- 
curacy 2 5 % ;  vernier provides continuous adjustment between steps and 
extends the 200 msec cm step to at least 0 . 5  secicm. 

Magnifier: XS sweep expansion may he used on  all ranges and expands the 
fastest sweep to 1 psec cm;  expanded sn-eep accuracy is =l05;. 

Automatic triggering (baseline displayed in  the absence of an input 
signal 1 : 
Internal: 50 Hz to 450 kHz for signals causing 0.5 cm or more vertical 

deflection; also from line voltage. 
External: 50 Hz to 450 kHz for signals at least 1 .5  volts peak.to-peak. 
Trigger slope: positive or negative slope of vertical deflection signal; or 

negative slope of external sync signal. 
Amplitude selection triggering: 

Internal: 10 Hz to 450 kHz for signals causing 0.5 cm or more \ertical 

External: 10 H z  to 450 kHz  for signals at least 1 .5  volts peak-to-peak. 
Trigger point and slope: from any point on the vertical waveform pre- 

sented on C R T ;  or continuously variable f rom -7 to +7 yolts on the 
negative slope of external sync signal. 

deflection. 

Vertical amplifier 
Bandwidth: dc  coupled, dc  to 450 kHz;  ac coupled, 2 Hz to 450 kHz .  
Deflection factor (sensitivity): 10 mV/cm to 10 \.olts/cm in 4 calibrated 

steps; accuracy ~ 3 % ;  vernier provides continuous adjustment between 
steps and extends 10 V/cm step to a t  least 100 W c m .  

Maximum input: 500 V peak (dc  + a c ) .  
Internal calibrator: calibrating signal automatically connected to vertical 

amplifier for setting amplifier gain,  accuracy i . 2 % .  
Input RC: 1 megohm shunted by approximately 50 pF. 
Balanced input: on  10 mV/cm range: input RC,  2 megohms shunted by 

approximately 25 pF;  common mode rejection at least 40 dB: common 
mode signal must not exceed i.3 volts peak. 

Phase shift: vertical and horizontal amplifiers have same phase character. 
isoics within i 2 ’  to 100 kHz (with verniers in C a l ) .  

Horizontal amplifier 
Bandwidth: d c  coupled, d c  to 300 kHz:  ac coupled, 2 H z  to 300 kHz. 
Deflection factor (sensitivity): 0 .1  volt/cm to 10 \.olts/cm in 3 calibrated 

steps; accuracy i s % ;  vernier provides continuous adjustment betueen 
steps and  extends 10 V,’crn step to at least 100 V ’ c m .  

Input RC: 1 megohm, nominal, shunted by approximately 100 pF.  

Cathode ray tube: mono.accelerator, 2700-volt accelerating potential; 
aluminized P31 phosphor (other phosphors available, see modifications) ; 
etched safety glass face plate reduces glare. 

Graticule: 10 cm x 10 cm parallax-free internal graticule marked in  cm 
squares; major horizontal and vertical axes have 2 mm sub-divisions. 

Beam finder: pressing beam finder control brings trace on  C R T  screen, re- 
gardless of settings of horizontal, vertical. or intensity controls. 

Intensity modulation: + 2 O  volt pulse will blank trace of normal intensity; 
input terminals on front panel. 

Dimensions: 162/1” wide. 7 1 / ”  high, 18%’’ deep overall (426 x 191 x d66 
m m ) ;  hardn-are furnished for quick conversion to 7” x 19” (178 x 483 
m m )  rack mount .  

General 

Weight: net 29 lbs (13 k g ) ;  shipping 35 Ibs ( 1 5 , s  kg). 
Power: 1 1 5  or 230 volts 510%; 50 to 1000 H z ;  approximately 95 W. 
Price: H P  Model 12OB. $495. 
Modifications: C R T  phosphors (specify by phosphor number)  ; P31 stan- 

da rd ;  P2, P7 with amber filter, P11 available. no charge. 
Special order: chassis slides and adapter ki t ,  fixed slides, order HP Part  

No. 1490-0714, $ 3 2 . 5 0 ;  pivot slides, order H P  Part  No. 1490-0718, 
$40; slide adapter kit for mounting slides on scope, order H P  Part  
No. 1190-0721, $20. 

Options: (specify by option number)  
O S :  external graticule C R T  with P31 phosphor (P2 ,  P7,  P I 1  available. 

please specify) :  in lieu of standard internal graticule, add  $ 2 5 ;  in- 
cludes edge-lighting of external graticule. 

06 :  rear terminals in parallel with front panel terminals; two 3-pin AN 
connectors for horizontal and vertical signal inputs; Bh‘C for trigger 
input ,  add $30; mating AN connectors supplied. 

10 :  provision for single-sweep operation, as well as conventional triggered 
sweep. add  $ 3 5 .  

13 :  plain 3/16“ x 7” x 19” front panel for rack mounting only; suitable 
for installing special handles to match existing equipment in system 
or console, add  $20. 
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DUAL-TRACE OSCILLOSCOPE 
Economical versatility - 200 kHz 10 mV/cm 

Models 122A, 122AR 

The Model 122A/AR is a dual trace, 200 kHz bandwidth 
oscilloscope which simplifies observation and measurement 
of electrical and mechanical equipment performance. It can 
be used as an ordinary scope with a single trace, or, when 
a comparison of two quantities is required it can provide two 
separate traces which in many ways is like having two scopes. 

Personnel quickly learn the operation of this instrument 
and can use it with confidence since it has guaranteed cali- 
bration on both its sweep (time base) and voltage ampli- 
tude measurements. 

Signals may be compared simultaneously and directly due 
to the twin vertical amplifiers which may be used separately 
or automatically switched. Input and output signals of am- 
plifiers, filters, and other networks may be viewed simul- 
taneously and transmission or rejection characteristics seen 
immediately. Since dc coupling is available, very low fre- 
quency square-waves may be used for testing, or the scope 
may be ac coupled to elminate and unwanted dc signal. 

Specifications 
Time base 

Range: 5 Nsec/cm to 200 mseclcm, 15 ranges in a 1, 2,  5 sequence; ac- 
curacy 2 5 % ;  vernier provides continuous adjustment between steps, and 
extends the  200 msec/cm step to at least 0 .5  sec/cm. 

Magnifier: X5 sweep expansion may be used on all  ranges and expands the 
fastest sweep to 1 @sec/cm; expanded sweep accuracy is 2 1 0 % .  

Automatic triggering (baseline displayed in the absence of an input 
signal): 

Internal: 50 Hz to 250 kHz for signals causing 0.5 cm or more vertical 

External: 50 Hz to 250 kHz for signals a t  least 2 . 5  volts peak-to-peak. 
Trigger slope: positive or  negative slope of vertical deflection signals; 

deflection; also from line voltage. 

or negative slope of external sync signals. 
Amplitude selection triggering: 

Internal: 10 H2 to  250 kHz for signals causing 0.5 cm or more vertical 

External: 10 Hz to  2 5 0  kHz for signals at least 2 . 5  \o l t s  peak-to-peak. 
Trigger point and slope: from any point on the vertical waveform pre- 

sented on cr t ;  or continuously variable from -10 to + l o  volts on nega- 
tive slope of external sync signal. 

deflection. 

Vertical amplifiers 
Bandwidth: dc  coupled, dc  to 200 kHz; ac coupled, 2 Hz to 200 kHz.  
Deflection factor (sensitivity): 10 mV/cm to 10  volts/cm in 4 calibrated 

steps: accuracy i. ?qc: vernier provides continuous adjustment between 
steps and  extends 10 V/cm step to a t  least 100 V/cm. 

Maximum input: 500 V peak ( d c  + a c ) .  
Internal calibrator: calibrating signal automatically connected to vertical 

amplifier for setting amplifier ga in ,  accuracy i.2%, 
Input RC: 1 megohm shunted by approximately 50 pF.  
Balanced input: on  10 mV/cm range; input RC,  2 megohms shunted by 

approximately 25 pF;  common mode rejection at least 40 dB: common 
mode signal must not exceed i . 3  volts peak. 

Phase shift: vertical and horizontal amplifiers have same phase character- 
istics within i . 2 0  to 100 kHz (with verniers in C a l ) .  

Isolation: greater than 80 d B  between Channels A and B from dc to 200 kHz. 
Difference input: both input signals may be switched to one channel to  give 

differential input on al l  Sensitivity ranges; the sensitivity controls may be 
set separately to allow mixing signals of different levels; common mode 
rejection is at least 40 dB with both controls in most sensitive range. 30 
dB o n  other ranges. 

Vertical presentation: control selects: A only.  B only,  B-A,  Alternate, o r  
Chopped. 

Horizontal amplifier 
Bandwidth: dc coupled, dc  to 200 kHz:  ac coupled, 2 Hz to 200 kHz. 
Deflection factor (sensitivity): 0.1 volt/cm to 10 volts/cm in 3 calibrated 

steps; accuracy i. 5 % ;  vernier provides continuous adjustment between 
steps and extends 10 V/cm step to at least 100 V/cm.  

Input RC: 1 megohm, nominal,  shunted by approximately 100 pF. 

General 
Cathode ray tube: mono-accelerator, 3000-volt accelerating potential;  

aluminized P31 phosphor (other phosphors available, see modifications) ; 
etched safety glass face plate reduces glare. 

Graticule: 10 cm x 10  cm parallax-free internal graticule marked in  cm 
squares; major horizontal and vertical axes have 2 mm sub-divisions. 

CRT plates: direct connection to  crt deflection plates via terminals on rear 
panel;  sensitivity approximately 2 0  V/cm.  

Intensity modulation: +20 volt  pulse will blank trace of normal intensity: 
input terminals on  rear panel.  

Dimensions: cabinet: 9%" wide, IS" high ,  21%" deep overall (248  x 310 x 
540 m m ) ;  rack mount:  19" wide, 7" ,h igh ,  19%" deep behind panel 
(483 x 178 x 495 m m ) .  

Weight: cabinet: net, 35  Ibs (15,8 k g ) :  shipping, 45 lbs (20.3 k g ) ;  rack 
mount:  net, 34 Ibs (11,3 k g ) ;  shipping, 49 Ibs ( 2 2  k g ) .  

Power: 1 1 5  or 230 volts 2 1 0 % ;  50 to  1000 Hz; approximately 150 W. 
Price: H P  Model 122A (cabine t ) ,  $695; HP Model l22AR (rack m o u n t ) .  

$695; for single sweep operation specify H15-122A or  H15-122AR. $765. 

CRT phosphors (specify by phosphor number): P31 standard: P2 ,  P7 

Options: (specify by option number) 

Modifications 

with amber filter, P11 available, n o  charge. 

05 External graticule CRT with P3l phosphor (PZ, P7, P I 1  available, 
please specify) in lieu of standard internal graticule, add  $25; in- 
cludes edge-lighting of external graticule. 

06 Rear terminals in parallel with front panel terminals; three 3-pin A N  
connectors for horizontal ,  \ert ical ,  and trigger inputs,  a d d  $ 4 0 ;  mating 
AX connectors supplied 
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The H P  Model 130c Oscilloscope is a versatile all-purpose 
instrument for laboratory, production line, industrial process 
measurements and medical applications. The outputs of rf 
detectors, strain gauges, transducers and other low-level 
devices may be viewed directly without preamplification. 
Calibrated sweeps allow accurate time measurements, and 
the identical horizontal and vertical amplifiers permit simple 
and precise measurement of phase, 

The Model 130C is easy to operate even by inexperienced 
personnel. Controls are color coded to front-panel markings 
and are logically arranged by function, An internal-graticule 
crt provides a bright, clear, non-glare display without paral- 
lax. Automatic triggering minimizes adjustments. Positive 
pushbutton beam finder immediately locates an off -screen 
trace. 

Identical amplifiers 
Identical horizontal and vertical amplifiers provide a high 

sensitivity of 200 ,V/cm from dc to 500 kHz and balanced 
inputs on all ranges, Balanced output signals from low-level 
transducers, such as those used in industrial and medical 
fields, can be measured directly without external amplifica- 
tion. The amplifiers also may be used single-ended with ac 
or dc coupling. Regulated power supplies, high-stability com- 
ponents and extensive feedback insure excellent gain stability 
and low noise everi on the most sensitive ranges. A front- 
panel switch (Amplifier AC-DC) provides ac coupling be- 
tween amplifier stages and virtually eliminates all drift - 
even on the most sensitive range. Phase shift between ampli- 
fiers is held to less than up to 100 kHz for accurate 
phase measurements. 

Probes may be used with both the horizontal and vertical 
amplifiers, and since the input impedance is constant, the 
probes will not require recompensation between sensitivity 
ranges. 

Automatic triggering 
Trigger adjustments are minimized with the Model 130c  

by the automatic triggering feature, which provides a base 
line in the absence of an input signal. For fast expanded 
sweep times where the automatic base line would be too dim 
for observation, a free run mode establishes a bright base line. 
A trigger level control is located on the front panel so that 
automatic triggering may be easily locked out if desired, and 
a preset trigger level established. 

Versatile sweeps 
For accurate time measurements, 2 1 linear direct-reading 

sweep times from 1 psec/cm to 5 sec/cm are available, 
accurate within 2 3 % .  A calibrated X2 to X50 magnifier 
expands the sweep up to 0.2 psec/cm, accurate within +. 5 %, 
A vernier control permits continuous adjustment between 
calibrated ranges and extends the slowest sweep speed to at 
least 12 .5  sec/cm. In addition, a front-panel switch for either 
normal or single sweep permits observation of single-shot 
phenomena or random events. Switching to single sweep 
will disable the sweep circuit after a single sweep so that it 
can not be retriggered until manually rearmed. A front-panel 
sweep “armed” light indicates when the sweep is armed and 
ready to be triggered, 
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Phase shift measurements are easily made, as a result of the identical 
horizontal and vertical amplifiers in the Model 130C. 

Specificat ions 
Time base 

Range: 1 ,.,,sec/cm to 5 sec/cm, 21 ranges in a 1, 2, 5 
sequence; accuracy r+ 3 7 p  ; vernier provides continuous 
adjustment between steps and extends the 5 sec/cm step 
to at least 12.5 sec/cm. 

Magnifier: X2, X5, XlO, X20, X50; overall sweep accuracy 
within ~ 5 %  for sweep rates which do not exceed a 
maximum rate of 0.2 pec/cm. 

Automatic triggering (baseline displayed in the absence of 
an input signal): 

Internal: 50 Hz to 500 kHz for signals causing 0.5 cm 
or more vertical deflection; also from line voltage. 

External: 50 Hz to 500 kHz for signals at least 0.5 volt 
peak-to-peak. 

Trigger slope: positive or negative slope of external sync 
signal or internal vertical deflection signal. 

Amplitude selection triggering: 
Internal: 10 Hz to 500 kHz for signals causing 0.5 cm 

or more vertical deflection. 
External: for signals at least 0.5 volt peak-to-peak; dc 

coupled, dc to 500 kHz; ac coupled, 20 Hz to 500 
kHz. 

Trigger point and slope: from any point on the vertical 
waveform presented on crt; or continuously variable 
from -10 to + 10 volts on either positive or nega- 
tive slope of external sync signal. 

Single sweep: front panel switch permits single sweep 
operation, 

Vertical and horizontal amplifiers 

Bandwidth: dc coupled, dc to 500 kHz; ac coupled (input), 
2 Hz to 500 kHz; ac coupled (amplifier), 25  Hz to 500 
kHz at 0 .2  mV/cm deflection factor; lower cut-off fre- 
quency ( f c o )  is reduced as deflection factor is increased; 
at 20 mV/cm, f,, is 0.25 Hz; on less sensitive ranges, 
response extends to dc. 

Deflection factor (sensitivity): 0.2 mV/cm to 20 volts/cm, 
16 ranges in a 1, 2, 5 sequence; accuracy t 3 7 0 ;  vernier 
provides continuous adjustment between steps and ex- 
tends 20 V/cm step to at least 50 V/cm. 

Maximum input: 500 V peak (dc + ac). 
Internal calibrator: calibrating signal (approximately 350 Hz 

square wave, 5 mV *3.%) for setting amplifier gain, is 
automatically connected to amplifier when sensitivity 
vernier is set to Cal. 

Input R C  1 megohm shunted by approximately 45 pF; 
constant on all ranges. 

Balanced inputs: on all sensitivity ranges. 
Common mode rejection (dc to 50 kHz): at least 40 dB from 

0.2 mV/cm to 0.1 V/cm sensitivities, common mode sig- 
nal not to exceed 4 volts pk-pk; at least 30 dB from 0.2’ 
V/cm to 20 V/cm sensitivities, common mode signal not 
to exceed 4 volts pk-pk on the 0.2 V/cm range, 40 volts 
pk-pk on the 0.5 V/cm to 2 V/cm ranges, or 400 volts 
pk-pk on the 5 V/cm to 20 V/cm ranges. 

Phase shift: amplifiers have same phase characteristics within 
*lo to 100 kHz (with verniers in Cal, and equal input 
sensitivities). 

General 
Calibrator: approximately 350 Hz, 500 mV & 2 %  provided 

through jack on front panel. 
Cathode ray tube: mono-accelerator, 3000-volt accelerating 

potential; aluminized P31 phosphor (other phosphors 
available, see modifications) ; etched safety glass face plate 
reduces glare. 

Graticule: 10 cm x 10 cm parallax-free internal graticule 
marked in cm squares; major horizontal and vertical axes 
have 2 mm sub-divisions. 

Beam finder: pressing beam finder control brings trace on 
crt screen, regardless of setting of horizontal, vertical, or 
intensity controls. 

Intensity modulation: $20 volt pulse will blank trace of 
normal intensity; input terminals on rear panel. 

Dimensions: 16%” wide, 7y2” high, 183/” deep overall 
(426 x 191 x 466 mm);  hardware furnished for quick 
conversion to 7” x 19’’ (178 x 483 mm) rack mount. 

Weight: net, 31 Ibs (14 kg ) ;  shipping, 38 Ibs (17,l kg) .  
Power: 115 or 230 volts *IO%; 50 to 1000 Hz; approxi- 

Price: HP Model 13OC, $695. 
Modifications: crt phosphors (specify by phosphor num- 

ber); P31 standard; P2, P7 with amber filter, P I1  avail- 
able, no charge. 

Special order: chassis slides and adapter kit; fixed slides, 
order HP  part No. 1490-0714, $32.50; pivot slides, order 
HP part No. 1490-0718, $40; slide adapter kit for mount- 
ing slides on scope, order HP  part No, 1490-0721, $20. 

mately 90 W. 

Options (specify by option number) : 
05 

06 

13 

/ 

external graticule crt with P3l  phosphor (P2, P7, P I1  
available, please specify) in lieu of standard internal 
graticule, add $2 5 ; includes edge-lighting of external 
graticule. 
rear terminals in parallel with front panel terminals; 
two 3-pin A N  connectors for horizontal and vertical 
signal inputs, BNC for trigger input, add $40; mating 
A N  connectors supplied. 
plain 3/16” x 7” x 19” panel for rack mounting only; 
suitable for installing special handles to match exist- 
ing equipment in system or console, add $20. 
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The HP Model 132A Dual-Beam Oscilloscope is designed 
to perform many electronic, scientific, bio-medical and 
mechanical measurements. Its 100 pV/cm sensitivity, 500 
kHz bandwidth, two completely independent beams, and 
low microphonics and drift assure ease and accuracy in a 
wide variety of applications. 

Differential operation is provided on all ranges for the 
elimination of common mode pickup such as 60-Hz hum. 
Rejection ratios as high as 20,000 to 1 (86 dB) assure com- 
pletely clean waveforms even in the presence of high com- 
mon mode interference. 

Waveforms look the same from range to range with the 

FigLre 1 S multane 
O J S  x y  and time 
p l o t s  a r e  p o s s i b l e  
w i t h  M o a e l  1 3 2 A  
sdnce it has two com- 
p lere ly  independent  
CRT beams 

Figure 2. The same 
signal may be shown 
at two different sweep 
speeds with the slow. 
er sweep intensified 
to show location of 
fast sweep. 

Unusual versatility is available with the Model 132A 
through its many different display capabilities. Functions 
such as pressure vs. volume, the outputs of vector cardio- 
graphs, or phase shift may be shown in x-y form on one 
channel, while related rate functions are displayed vs. time 
on the other. Also, slow and fast signals may be viewed 
simultaneously on different sweep speeds, or the same signal 
may be studied at two different sweep rates. 

The Model 132A is ideal for use in areas of vibration or 
noise, since the amplifiers have very low microphonics and 
dc drift. Each input stage has nuvistor tubes contained in 
a shock-mounted block of aluminum. Besides isolating the 
nuvistors from vibration, the block also serves to keep the 
temperature of the tubes identical, thus providing excellent 
dc stability, 

Model 132A, since the full 500 kHz bandwidth is retained 
at sensitivities from 1 mV/cm through 20 V/cm. At 
the most sensitive range, 100 pV/cm, bandwidth becomes 
150 kHz. 

Each vertical amplifier has an output at the rear panel of 
the Model 132A, allowing the user to monitor displays with 
an rms voltmeter, or drive a tape recorder. 

The 3.5 kV aluminized CRT provides displays that are 
brighter than those previously available, making the 
Model 132A an excellent instrument for observing single- 
shot phenomena. A beam finder facilitates locating an off- 
screen trace by simply depressing a front-panel control. The 
internal graticule of the CRT eliminates parallax error, thus 
increasing measurement accuracy. 
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Deflection factor Input: DC 

0.1 mV/cm to 0.2 V/cm * 2  v 
Input: AC 

4 V peak-to-peak 

1 0.5 V/cm to 2.0 V/cm 1 *20 V I 40 V peak-to-peak 1 

0.2 V/cm 40 40 40 

0.5 V/cm to 20 V/cm 1 30 30 

'With input ac coupled, maximum ChfR at 60 Hz is 60 dB. 

30 

Inputs: two BNC connectors for + and - polarities; AC, DC, 
or Off may be selected for each input; input RC in 1 megohm 
shunted by 50 pF, constant on all ranges; max. input voltage 
is *500 V peak (dc f ac). 

Amplifier outputs: a single-ended, dc-coupled output for each 
amplifier is provided on the rear panel; voltage output is 
approx. 2 V/cm from a 2 k ohm source impedance: bandwidth 
is approx. 500 kHz with a non-capacitive load. 

External horizontal amplifier 
Functions: may be used on both beams simultaneously, or on one 

beam only while the other is sweeping unmagnified. 
Deflection factor (sensitivity): 5 mVJcm to 2 V/cm; 9 ranges 

in a 1, 2, 5 sequence; accuracy * 3 % ;  vernier provides contin- 
uous adjustment between steps and extends 2 V/cm step to at 
least 5 V/cm. 

Bandwidth: dc to greater than 300 kHz (with vernier in Cal): 
ac coupled, lower limit is 2 Hz. 

Input: BiYC connector: input RC, 1 megohm shunted by 50 pF, 
constant on all ranges; max. input voltage, k 5 0 0  volts peak 
(dc + ac) .  

X-Y operation 
Single beam: x-y curve tracing: one of the vertical amplifiers can 

be switched to the horizontal deflection plates of the other beam, 
alloying x-y operation of the two identical amplifiers; the un- 
used beam is positicned off screen; relative phase shift between 
f inputs is within 2 2 "  for frequencies up to 50 kHz with 
verniers in Cal and equal input sensitivities. 

Dual-beam: x-y plots can be made between the external horizon- 
tal amplifier and the B vertical amplifier while the other beam 
is operating normally with the sweep and A vertical amplifier, 
or, dual plots can be made using the external horizontal ampli- 
fier driving both beams; relative phase shift is normally within 
-C2O for frequencies up to 10 kHz with vernier in Cal and 
equal input sensitivities. 

General 
Calibrator: approximately 350 Hz square wave, 0.5 V and 0.5 

mV, provided through jacks on front panel; accuracy * 2 % .  
Cathode ray tube: mono-accelerator, 3500-volt accelerating po- 

tential; aluminized P2 phosphor (other phosphors available, 
see modifications) ; dual gun and two independent sets of verti- 
cal and horizontal deflection plates; etched safety glass face 
plate reduces glare. 

Graticule: 10 cm x 10 cm parallax-free internal graticule marked 
in cm squares; display area for each beam is 8 cm x 10 cm, 
with 6 cm vertical overlap in center; vertical and horizontal 
axes for each beam have 2 mm subdivisions. 

Beam finder: pressing beam finder control brings both traces on 
CRT screen, regardless of vertical, horizontal, or intensity con- 
trol settings. 

Intensity modulation: $20 volt pulse will blank traces of nor- 
mal intensity; input terminals on rear panel; input time constant 
is approximately 125 ,psec (9400 pF and 13.5 k ohms). 

Dimensions: 16%'' wide, 9" high, 183/" deep overall (426 x 
229 x 466 mm) ;  hardware furnished for quick conversion to 
19" x 8%" x 16,/" behind panel (483 x 2 2 2  x 416 mm) 
rack mount. 

Weight: net 43 lbs (19,4 kg) ;  shipping 5 5  lbs (24,s k g ) .  
Power: 115 or 230 volts * lo%;  50 to 1000 Hz; approximately 

Price: HP hlodel 132A, $1275. 
Modifications: CRT phosphors (specify by phosphor number) : 

P7, P11, P31 available; no charge. 
Special order: chassis slides and adapter kit; fixed slides, order 

HP Part No. 1490-0714, $32.50: pivot slides, order H P  Part 
No. 1490-0718, $40; slide adapter kit for mounting slides on 
scope, order H P  Part No. 1490-0721, $20. 

130 W. 

Options: (specify by option number) 
05 External graticule CRT with P2 phosphor (P7, P11, P31 

available, please specify) in lieu of standard internal grati- 
cule, includes edge-lighting of external graticule, add $25.  

06 Rear terminal in parallel with front panel terminals; 3-pin 
A N  connectors for vertical signal inputs; BNC for horizon- 
tal and trigger signal inputs, mating A N  connectors sup- 
plied, add $45. 
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The H P  Model 140A Oscilloscope, used with the Model 
1400-series plug-ins, provides both high-frequency and high- 
sensitivity capabilities for general oscilloscope applications, 
as well as a sampling capability. The total number of 1400- 
series plug-ins now available (seventeen) clearly illustrates 
the versatility of the Model 140A/1400-series combina- 

lowed for the use of a single, double-sized plug-in to supply 
information to both axes of deflection. Double-site plug-ins 
are available for testing broadband systems by means of 
pulse reflection (Model 1415A) and for use with swept 

frequency oscillators (Model 1416A). 

The Model 140A is a main-frame which contains the basic 
essential functional circuitry for both low-and high-fre- 
quency applications, as well as those for the sampling 
technique. It contains a post-accelerator CRT with its asso- 
ciated power supplies and control circuitry, and the dc 

The plug-ins contain all of the circuitry necessary to produce 
beam deflection, and work directly into the CRT of the 
Model 140A, 

In the design Of the I4OA has supplies required to power the Model 14()0-series plug-ins, 

~~ 

Specifications 
Plug-ins: accepts Model 1400-series plug-ins; upper com- 

partment for horizontal axis and lower compartment for 
vertical axis; center shield may be removed to accommo- 
date a single dual-axis Model 1400-series unit. 

Type: post-accelerator, 7500-volt accelerating potential; 
aluminized P3 1 phosphor, (other phosphors available, 
see modifications); etched safety glass face plate re- 
duces glare. 

Graticule: 10 cm x 10 cm parallax-free internal graticule 
marked in cm squares; major horizontal and vertical 
axes, and second and tenth horizontal graticule lines 
have 2 mm subdivisions. 

Intensity modulation: + 2 O  volt pulse will blank trace of 
normal intensity; input terminals on rear panel. 

Warranty: CRT warranted for one year. 
Writing rate: (using H P  Model 197A Camera with f/1.9 

lens and Polaroid@ 3000 speed film). 

Cathode ray tube: 

P31 Phosphor: 300 cm/psec. 
P11 Phosphor: 430 cm/psec. 

Cali brat or: 
Type: line-frequency rectangular signal, approximately 0.5 

psec rise time. 
Voltage: two outputs: 1 volt and 10 volts peak-to-peak, 

&1% from 15OC to 35OC, *35% from Occ to 55'c. 
"Poiaro id ' '8  by Polaroid Corporation 

Beam finder: pressing beam finder control brings trace on 
CRT screen regardless of settings of horizontal, vertical 
or intensity controls. 

Power requirements: 115 or 230 volts &lo%, 50 to 60 Hz, 
normally less than 285 watts (varies with plug-in units 
used). 

Dimensions: 16%" wide, 9" high, 183/s" deep overall (426 
x 229 x 466 mm) ; hardware furnished for quick conver- 
sion to 8,/t' x 19" rack mount, 16%" deep behind panel 
(344 x 483 x 416 mm) .  

Weight: without plug-ins, net 37 Ibs (16,'7 kg ) ;  shipping 
45 Ibs (20 kg) , 

Price: H P  Model 140A (without plug-ins), $595. 

Modifications: CRT phosphors (specify by phosphor num- 
ber), P31 standard; P2, P7 with amber filter, P11 avail- 
able; no charge. 

Special order: chassis slides and adapter kit: fixed slides, or- 
der H P  Part No. 1490-0714, 532.50; pivot slides, order 
H P  Part No. 1490-0718, 540; slide adapkr kit for mount- 
ing slides on scope, order H P  Part No. 1490-0721, $20. 

Blank plug-ins: half size, Model 10477A, $ 2 5 ;  full size, 
Model 10478A, $30. 
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The HP Model 141A Oscilloscope provides a versatility 
never before equaled in a single instrument. Using the 
Model 1400-Series plug-ins, it provides all of the high- 
frequency, high-sensitivity, and sampling capabilities of the 
Model 140~4,  as well as being a variable persistence scope, 
and a storage scope. 

Persistence of the Model 141A display may be con- 
tinuously varied from 1 / 5  second to more than 1 minute, 
producing controlled-decaying, easy-to-view traces. The 

flicker from “erase flashes”. Traces can be made to linger 
long enough so that the entire signal is on screen, yet fade 
fast enough so that successive traces do not overlap. There 
is no wait for a new display to be traced after erase. Auto- 
matic integration of repetitive signals can be easily accom- 
plished by adding successive low-level traces until a bright 
display is built up; then, if desired, the display can be 
stored. Display trends can be viewed by using long persis- 
tence to superimpose or stack successive displays. Refer to 

hersistence can be adjusted tomatch. the sweep time of any 
signal, regardless of repetition rate or frequency, with no 
I 

the next page f o r  additional applications. 

Plug-ins: same as Model 140A. 
Cathode ray tube: 

Type: post-accelerator storage tube, 7350-volt accelerating poten- 
tial; aluminized P31 phosphor; etched safety glass face plate 
reduces glare. 

Graticule: 10 x 10 divisions (approximately 9.4 x 9.4 cm) paral- 
lax-free internal graticule; 5 subdivisions per major division 
on major horizontal and vertical axes, and on second and tenth 
horizontal graticule lines. 

Intensity modulation: f 2 0  volt pulse will blank trace of nor- 
mal intensity; input terminals on rear panel. 

Warranty: CRT specifications (persistence, writing rate, bright- 
ness, storage time) warranted for one year. 

Persistence: 
Normal: natural persistence of P31 phosphor (approximately 

Variable: 
0.1 second). 

Normal writing rate mode: continuously variable from less 
than 0.2 second to more than one minute (typically to two 
or three minutes). 

Max writing rate mode: typically variable from 0.2 second 
to 15 seconds. 

Erase: manual; erasure takes approximately 100 msec; scope 
ready to record immediately after erasure (see options for re- 
mote erase), 

Writing rate (conventional operation): (using H P  Model 
197A Camera with f/1.9 lens and PolaroidE 3000 speed 
film) : 100 cm/sl.sec. 

“PoIaroid”’8 by Polaroid Corporation 

Suecifications 
Writing rate (Storage): 

Storage time: 

Normal mode: greater than 20 cm/msec 
Max. mode: greater than 1 cm/,Isec. 

Rate Mode Rate Mode 

minute (typically 

Brightness: greater than 100 foot-lamberts in NORMAL or 
VIEW; typically 5 foot-lamberts in STORE. 

Calibrator: ’i 
Beam finder: 
Power requirements: 
Dimensions: 
Weight: net, 40 Ibs (18 kg) ; shipping, 5 1  Ibs (23 kg) .  
Price: H P  Model 141A (without plug-ins), $1275. 
Options: (specify by option number). 

~ \ same as Model 140A 

09: Remote erase. BNC input on rear panel; shorting to ground 
for at least 50 msec erases screen; input draws 20 mA from 
ground through a 600-ohm impedance to a -12 volt supply. 
Add $25. 

Special order: chassis slides and adapter kit; fixed slides, order 
H P  Part No. 1490-0714, $32.50; pivot slides, order H P  Part No. 
1470-0718, 540; slide adapter kit for mounting slides on scope, 
order H P  Part No. 1490-0721, 520. 
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~~ __ __ __ __ A P PLI CAT1 0 N S: VARIABLE 
PERSISTENCE & STORAGE 

- 
OSCILLOSCOPES 

I 

Variable persistence is of special use- 
fulness in presenting slowly swept signals 
as in mechanical or bio-medical investi- 
gations. Wi th  continuously variable trace 
fade-time, slowly swept traces can be 
kept continuously on display by adjusting 
persistence to match sweep time. For the 
first time, persistence values much over 
a few seconds are available, so traces 
never before presentable on a scope may 
now be shonm ~. ..... ~. 

Persistence adjusted so old sweep fades just in 
t ime t o  clear screen f o r  new sweep arriving. 

Flicker has been a bothersome effect 
with slon, and medium-slow sweeps; by 
varying the persistence, one can remove 
flicker from a presentation at  any rate 
which previously caused this annoyance. 

Brightening of low duty-cycle repeti- 
tive signals may be accomplished by using 
long persistence settings. W h e n  persis- 
tence is several times the sweep period, 
successive traces add, and a bright presen- 
tation can be built up;  then, if desired, 
it may be stored. Meaningless random 
variations in successive repetitive signals 
will be de-emphasized by the same pro- 
cess. One-shot departures from the re- 
petitive wave will not add, but the sig- 
nificant trend elements will, and thus 
emerge brightly. 

Superimposition of successive sweeps 
will display trends in the subject ob- 
served, earlier traces being clearly dis- 
tinguished hy their declining brightness. 
The  effect of successive small adjust- 
ments on the subject under examination 
may likewise be conveniently compared. 

Using long persistence setting, d im portions of 
repet i t ive t race are made clearly visible. In th is 
picture the trace was moved downward after each 
mult ip le exposure to  i l lustrate growth i n  v is ib i l i ty .  

Detailed resolution of any short sec- 
tions of long, slow sweeps is greatly aided 
both by variable persistence and by 
storage. Achieving highest possible reso- 
lution in Time Domain Reflectometry 
( T D R )  measurements calls for precisely 
this combination of abilities. T h e  Model 
1 4 l s A  plug-in easily measures the char- 
acteristics of long lengths of transmission 
line, using this technique. 

The  Model 141A will serve all the uses 
for which previous storage scopes have 
proved valuable. Its differences from 
earlier instruments further expand its 
usefulness. The  background is dark when 
displaying stored traces on the Model 
141A, making faint portions of stored 
traces readily visible. Further, any of the 
traces which may be built up, using the 
variable-persistence feature, may also be 
stored intact; the user is not restricted 
only to traces which may be produced in 
the conventional operating mode. The 
stored trace is displayed without degrada- 
tion or fuzziness, preserving its original 
form for later observation. 

The  unusual ability of the Model 141A 
to store traces for hours or days, when 
power is turned off, makes it possible to 

Three traces which occurred at  d i f ferent t imes 
were stored, so simultaneous comparison could be 
made without a camera (photo is  a single exposure). 

compare observations over very long pe- 
riods. One practical use would be com- 
parisons from night to morning, when 
life tests are under way. N e w  traces can 
be superimposed over those stored while 
the scope was off. The  stored image, in 
the off condition, has proved remarkably 
stable and recoverable with substantially 
no degradation. Instruments have been 
sh ipped  across-count ry ,  the  p a t t e r n  
emerging clearly after the process. 

One unusual application emerges from 
the automatic storage which occurs when 
power to the scope is removed. In much 
research, and in many industries, safety 
devices remove power when predeter- 
mined limits are exceeded. Wi th  the 
Model  141A cont inuous ly  d isp lay ing  
some critical parameter, it will, if also 

turned off by the automatic safety devices, 
retain a record of as much as one minute 
of the phenomena which preceded the 
power break. 

Another unique feature of the Model 
141A is its ability to display a gray scale. 
Most storage scopes display “black and 
white” only - a lighter trace on a darker 
background with no intermediate shades 
of gray. Wi th  the Model 141A, four or 
five separate intensities can normally be 
distinguished, allowing the plotting and 
storage of three variables; X, Y ,  and in- 
tensity. 

VARIABLE PERSISTENCE : 
HOW IT W O R K S  

CO‘LEC70* M E S H  

V a r i a b l e  p e r s i s t e n c e  is a c h i e v e d  
through the use of a special C R T  driven 
by unique erase circuitry. The  C R T  is a 
simple conventional C R T  containing a 
number of special electrodes. 

The storage mesh, just behind the 
phosphor screen, is a conducting mesh 
covered with a highly resistive coating of 
magnesium fluoride. The  write gun ( the 
same gun that  prodlices a trace in a con- 
ventional oscilloscope) etches a positively 
charged pattern on the storage mesh by 
knocking electrons loose (secondary emis- 
s ion) .  Because of the excellent insulating 
property of the magnesium fluoride, this 
charged pattern “stays put”  and does not 
spread to adjacent areas. 

hTow that  the trace is stored on the 
mesh, some means is needed to view it. 
T o  do  this, flood guns are placed in the 
C R T  which sprays low velocity electrons 
toward the screen. Most of them are 
picked u p  by the collector mesh and never 
get to the phosphor screen. However, in 
the area near the stored positive charge 
on the storage mesh, the positive field 
pulls some of the flood gun electrons 
through the storage mesh. These continue 
on and hit the phosphor, producing a 
visible trace. 

T o  erase the screen, a negative voltage 
is applied to the storage mesh, washing 
away the stored positive charge. T o  ob- 
tain variable persistence, the erase voltage 
is applied in the form of pulses. By vary- 
ing the width of these pulses, the rate of 
erase is varied. The  persistence knob is 
simply the width control on the erase 
pulse generator. 
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DUAL TRACE AMPLIFIERS 
Bandwidths to 20 MHz 

Models 1401A, 1405A, 1402A 

The Model 1401A has two 450 kHz channels, each with 
a sensitivity of 1 mV/cm. In the dual-trace modes, the sweep 
may be triggered internally from Channel A only, allowing 
stable traces and accurate time measurements. 

The Model 1405A provides dual-trace 5 MHz at 10 cm 
deflection. The two channels may be added algebraically or, 
by a reversal of the Channel A polarity switch, the differen- 
tial signal may be observed. 

The Model 1402A provides bandwidth capability of 20 
MHz with 5 mV/cm sensitivity. It also has a built-in delay 
line, following the trigger take-off, allowing the leading 
edge of fast-rise signals to be viewed. Internal syncing from 
Channel A allows convenient, accurate time measurements. 

Specifications, Model 1401A 
Mode of operation: (1 )  Channel A alone, (2 )  Channel B alone, 

( 3 )  Channel A and Channel B displayed on alternate sweeps, 
(4 )  Channel A and Channel B displayed by switching at approx. 
100 kHz, with trace blanking during switching, ( 5 )  Channel A 
minus Channel B. 

Input and Amplifier coupling set to dc, dc to 450 
kHz (0.8 ,psec risetime) ; Input set to dc and Amplifier set to ac, 
dc to 450 kHz for deflection factors from 50 mV/cm to 10 VJcm; 
from 1 mV/cm to 20 mV,/cm, lower cutoff depends on the deflec- 
tion factor: approximately 0.5 Hz (to 450 kHz) at 20 mV/cm 
and 10 Hz (to 450 kHz) at 1 mV/cm; Input set to ac and Ampli- 
fier set to dc, 2 Hz to 450 kHz. 

Deflection factor (sensitivity): each channel; 1 mV/cm to 10 
V/cm, 14 ranges in a 1, 2 ,  5 sequence; accuracy * 3 % ;  vernier 
provides continuous adjustment between steps and extends 10 
V,/cm step to at least 2 5  V/cm. 

Phase shift: when used with another Afodel 1401A, less than 2 O  
relative phase shift up to 50 kHz with X and Y deflection factors 
the same, and verniers in Cal. 

Common mode rejection: both inputs may be switched to one 
channel to give differential input; cmr at least 40 dB on 1 mV/cm 
to 0.1 V/cm ranges, signal not to exceed 4 V pk-pk; at least 30 dB 
on 0.2 V/cm to 10 V/cm ranges, signal not to exceed 40 V pk-pk 
on 0.2, 0.5, and 1 V/cm ranges or 400 V pk-pk on 2, 5 and IO 
V,/cm ranges; measured with 1 kHz sine wave. 

Bandwidth: 

Input RC: 1 megohm shunted by 45 pF. 
Maximum input: 600 volts peak (dc + ac). 
Internal calibrator: line frequency square wave, 6 cm pk-pk; dis- 

played when vernier is set to Cal; accuiacy 2 3 % .  
Display polarity: + up or - up, selectable for Channel A. 
Weight: net, 5 Ibs (2,3 kg) ; shipping, 7 Ibs ( 3 , 2  kg) .  
Price: H P  Model 1401A, $375. 

Mode of operation: (1) Channel A alone, ( 2 )  Channel B alone, 
( 3 )  Channel A and Channel B displayed in alternate sweeps, 
( 4 )  Channel A and Channel B displayed by switching at approx. 
100 kHz, with trace blanking during switching, ( 5 )  Channel A 
and Channel B added algebraically, polarity of Channel A may be 
inverted to obtain differential operation. 

Bandwidth: dc coupled, dc to 5 MHz (70 nsec risetime) ; ac coupled, 
2 Hz to 5 MHz (the lower limit is extended to approx.0.2 Hz 
with an X I 0  probe). 

Deflection factor (sensitivity): each channel; 5 mV,/cm to 10 
V/cm, 11 ranges in a 1, 2, 5 sequence; accuracy *3%; vernier 
provides continuous adjustment between steps and extends 10 
V/cm step to at least 25 V/cm. 

Common mode rejection: at least 40 dB on 5 ,  10, and 20 mV/cm 
ranges, at least 30 dB on 50 mV/cm to 10 V/cm ranges; common 
mode signal not to exceed 50 cm (e.g., 0.5 volt on 10 mV,/cm 
range) or a frequency of 50 kHz. 

Specifications, Model 1405A 

Input RC: 1 megohm shunted by 43 pF. 
Maximum input: 600 volts peak (dc + ac).  

1401A 

1405A 

*_L 

1402A 

Weight: net, 4 Ibs (1,8 kg) ; shipping, 7 lbs ( 3 , 2  kg) .  
Price: H P  Model 1405A, $325. 
Special order: double-size, single-channel, X-Y only version of 

iModel 1405A; order K05-1405A; price, $ 3 2 5 .  
Specifications, Model 1402A 

Mode of operation: (1 ) Channel A alone, ( 2 )  Channel B alone, 
( 3 )  Channel A and Channel B displayed on alternate sweeps, 
(4 )  Channel A and Channel B displayed by switching at approx. 
100 kHz, with trace blanking during switching, ( 5 )  Channel A 
and Channel B added algebraically, polarity of Channel A may be 
inverted to obtain differential operation. 

Bandwidth: ( 6  cm reference signal) dc coupled, dc to 20 MHz; 
ac coupled, 2 Hz to 20 MHz. 

Risetime: less than 20 nsec with 6 crn step input. 
Deflection factor (sensitivity): each channel; 5 rnV/cm to 10 

V/cm, 11 ranges in a 1, 2, 5 sequence; accuracy + 3 % ;  vernier 
provides continuous adjustment between steps and extends 10 
V/cm step to at least 25  V/cm. 

Signal delay: signal is delayed so that leading edge of fast-rise 
signals is visible at start of sweep. 

Common mode rejection: (in B-A mode) at least 40 dB on 5 ,  
10, and 20 mV/cm ranges, at least 30 dB on 50 mV/cm to 10 
V/cm ranges; common mode signal not to exceed 150 cm (e.g., 
150 volts on 1 VJcm range) or a frequency of 500 kHz. 

Input RC: 1 megohm shunted by 43 pF. 
Maximum input: 600 volts peak (dc f ac).  
Weight: net, 6 Ibs ( 2 , 7  kg) ; shipping, 8 lbs (3,6 kg).  
Price: H P  Model 1402A, $575. 
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T h e  Model 1400A Differential Amplifier has a maximum 
deflection factor of 100 pV/cm,and a bandwidth from dc to 400 
kHz for  measuring the output of strain gauges, transducers, 
and other low level signals without external preamplification. 
Even on the most sensitive ranges, drift is low, and accurate dc 
measurements are possible.Where the dc reference is not im- 
portant, the amplifier may be ac coupled between stages toelim- 
inate all drift. 

The H P  Model 1403A Guarded Differential Amplifier com- 
bines 10 PVJcm sensitivity with a guarded input for 106 dB 
common mode rejection, allowing accurate measurements of 
low-level differential signals. The guard achieves high CMR 
by protecting both the differential input amplifier and the two 
leads to the test point with a floating shield. The shield may 
be driven either internally by the common mode signal ob- 
tained from the amplifier for full 100 dB rejection, or externally 
from the signal source for high CMR ( 106 dB )even with un- 
balanced source impedances. 

Bandwidth: 
Specifications, Model 1400A 

Upper limit: 400 (0.9 psec risetime), 40, or 4 kHz. 
Lower limit: Input and Amplifier coupling set to dc: dc; In- 

pu t  set to dc and Amplifier set to ac: dc from 20 V/cm 
to 50 mV/cm, approx 0.1 Hz on 20 mVJcm increasing 
with deflection factor to approx 20 Hz at 0.1 mV/cm; 
Input set to ac and Amplifier set to dc: 2 Hz. 

Deflection factor (sensitivity): 100 pV/cm to 20 V/cm, 17 
ranges in a 1, 2, 5 sequence; accuracy & 3 % ;  vernier pro- 
vides continuous adjustment between steps and extends 
20 V/cm step to at  least 50 V/cm. 

Phase shift: when used with another Model 1400A, less than 
2 "  relative phase shift up to 50 kHz with X and Y deflec- 
tion factors the same, and verniers in Cal. 

Common mode rejection: differential input may be selected 
on all ranges; CMR at least 40 dB on 0.1 mV/cm to 0.2 
V/cm ranges, signal not to exceed 4 V pk-pk; at least 30 
dB on 0.5 V/cm to 20 V/cm ranges, signal not to exceed 
40 V pk-pk on 0.5, 1, and 2 V/cm ranges or 400 V pk-pk 
on 5 ,  10, and 20 V/cm ranges; measured with 1 kHz 
sine wave. 

Input RC: 1 megohm shunted by 45 pF. 
Maximum input: 600 volts peak (dc + ac ) .  
Internal calibrator: line frequency square wave, 6 cm pk-pk; 

displayed when vernier is set to Cal; accuracy & 3 % .  
Weight: net, 4 Ibs (1,8 k g ) ;  shipping, 7 Ibs (3,2 k g ) .  
Price: H P  Model 1400A, $250. 

Specifications, Model 1403A 
Input modes: ( 1 )  input A single-ended, ( 2 )  input B single- 

ended and inverted, ( 3 )  A-B differential, ( 4 )  Off disconnects 
inputs and grounds input amplifier, ( 5 )  CMR and ( 6 )  Cal 
for calibrating the instrument; A and B inputs, guard, and 
chassis ground are brought out through a special guarded 
connector; guard is normally driven by internal common 
mode signal amplifier; with unbalanced source impedances, 
the guard may be driven externally, preserving high CMR. 

Bandwidth: 0.1 Ht to 400 kHz (0.9 psec risetime) ( to  200 
kHz at 10 pV/cm and to 300 kHz at 20 slV/cm); upper and 
lower limits may be independently selected; lower: 0.1, 1, 
10, and 100 Hz; upper: max (greater than 400 k H z ) ,  100, 
10, 1, and 0.1 kHz. 

Deflection factor (sensitivity): 0.01 mV/cm to 100 mV/cm, 
13 ranges in a 1, 2, 5 sequence; accuracy t3%; vernier pro- 

vides continuous adjustment between steps and extends 100 
mV/cm step to at least 250 mV/cm. 

Phase shift: when used with another Model 1403A, less than 
2 "  relative phase shift up to 50 kHz with X and Y deflection 
factors the same, and verniers in Cal. 

Common mode rejection: differential input may be selected on 
all ranges; with a balanced input impedance and the Guard 
Drive in Ext, CMR may be adjusted to the values below for 
up to 5 V pk-pk, 45 Hz to 3 kHz (for Int. CMR is 6 dB less 
than shown below). 

Deflectlon factor Common mode 
rejection (dB) 

5, 10, 20 
50, 100 46 

Typical CMR with an unbalanced source impedance when 
using Guard Drive Ext on most sensitive ranges: - - 
Unbalance I 60 HZ I 120 Hz I 1 kHz 1 10 kHz 
100 ohms 1 100 dB I 100 dB 1 100 dB 1 90 dB 

Input RC: 10 megohms shunted by approx 60 pF. 
Maximum input: 600 volts peak (dc + ac)  on A and B inputs, 

10 volts on Guard input. 
Noise: 20 pV pk-pk at  100 kHz, noise is reduced as bandwidth 

is reduced. 
Internal calibrator: line frequency square wave, 100 m V  pk-pk;  

displayed when input selector is set to Cal; accuracy 2 3 % .  
Weight: net, 4 Ibs (1,8 k g ) ;  shipping, 7 Ibs (3,2 k g ) .  
Accessories furnished: 6-ft double- shielded extension cable, 

Price: H P  Model 1403A, $475. 
and a 4-terminal binding post adapter. 

1400A 
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The  Model 1407A Differential Amplifier provides 50 pV/cm 
sensitivity with dc stabilized operation. Drift is virtually elim- 
inated with a special dc stabilization circuit. A dc offset control 
is provided for bucking out dc levels present in the circuit under 
test that may drive the signal off-screen beyond the range of 
the position control. Signals of only a few hundred fiV ampli- 
tude may be measured in the presence of dc levels up to a few 
hundred mV, providing maximum resolution and accuracy. 
Differential input and high common mode rejection eliminate 
troublesome CMR signals such as 60-Hz hum. 

The  Model 1406A Differential Amplifier offers a calibrated 
dc offset capability in addition to 50 fiV/cm sensitivity, dc 
stabilization, and wide dynamic range. The calibrated offset 
feature allows the unit to be used as an accurate voltmeter. 
Readout is to four significant figures, with front panel lights 
indicating the decimal point. The Model 14061% supplies up to 
10 V offset on the 50 slV/cm range, increasing to 600 V on 
less sensitive ranges. Wi th  these capabilities, the user can mea- 
sure signal amplitudes to a fraction of a percent. The tech- 
nique is to position the top of the waveform to mid-screen 
(with the offset controls) and take a reading. This is then re- 
peated for the bottom of the waveform, with the difference 
between the two offset readings being the desired amplitude. 

Specifications, Model 1407A 
Bandwidth: 

Upper limit: selectable; 5, 25, 100 kHz, and Max (400 kHz 
for 20 V/cm to 100 pv/cm ranges, 0.9 Psec risetime; or 
300 kHz for 50 fiV/cm range) .  

Lower limit: dc coupled input, dc; ac coupled input, 2 Hz. 
Deflection factor (sensitivity): 50 pv/cm to 20 V/cm, 17 

ranges in a 1, 2, 5 sequence; accuracy - t 3 % ;  vernier provides 
continuous adjustment between steps and extends 20 V/cm 
step to at least 50 V/cm. 

Amplifier output: approx. 1 V/cm, dc coupled, single-ended, 
dc level approx. 0 V, output impedance less than 100 ohms, 
dynamic range 2 5  V .  

Drift: drift correction occurs at 3 Hz for 50 msec/cm speeds 
and faster, 1.5 Hz on 0.1 sec/cm speeds and slower. 
Long term drift: less than f O . 2  cm or less than &20 

fiV/200 hours, whichever is greater. 
Temperature drift: less than f O . 2  cm or less than f 5 O  @V, 

whichever is greater, over a temperature range of 0 ° C  to 
55°C. 

Range to range shift: dc stabilization maintains a fixed base- 
line reference within f 1  cm on crt over entire deflection 
factor range, after a 3-minute warm-up. 

Positioning: baseline can be positioned continuously or in cali- 
brated steps of 0, r t 5  cm, and r t 1 0  cm; accuracy &3%. 

DC offset: uncalibrated dc offset is provided in both single- 
ended and differential operation; the max amount of offset 
obtainable, referenced to the input, varies with deflection 
factor approx.as follows: 0.2 V at 50 fiV/cm, increasing to 
0.5 v at 10 mV/cm, 5 v at 100 mV/cm, 50 V at 1 V/cm, 
and 600 V at 20 V/cm; offset dc drift is less than 2 2 0  
rV/hr at constant ambient temperature, or less than k 1 0 0  
PV for ambient temperature change of 0°C to 55°C. 

Differential input: may be selected on all ranges; offset capa- 
bility is maintained in differential operation. 

Common mode rejection: ( f 5  V pk-pk input, dc coupled, 50 
pV/cm to 20 mV/cm) dc to 60 Hz, 80 dB; 60 Hz to 10 kHz, 
60 dB;  max input without overload: 50 pV/cm to 20 mV/ 
cm, -+IO V pk-pk;  50 mV/cm to 2 V/cm, f 1 0 0  V pk-pk; 

1406A 

5 V/cm to 20 VJcm, i-600 V pk-pk 

flection can be displayed without distortion. 
Dynamic range: dynamic signals of less than f 5 0  cm of de- 

Input R C  1 megohm shunted by 90 pF. 
Maximum input: 100 volts peak (dc f ac)  for 0.5 mV/cm to 

20 mV/cm ranges, 600 volts peak (dc + ac)  for 50 mV/cm 
to 20 V/cm ranges. 

X-Y operation: two Model 1407A’s can be used to provide sta- 
bilized X - Y  presentations. 

Time base compatibility: the Model 1407A may be used di- 
rectly with Models 1422A and 1423A; Model 1420A’s below 
serial 441-01326, and Model 1421A’s below serial 545-00651 
must be modified for use with the Model 1407A (order kits 
01420-69502 for the Model 1420A, $12.50; or 01421-69501 
for the Model 1421A, $20) .  

Weight: net, 5 Ibs (1,8 kg)  ; shipping 7 Ibs (3,2 k g ) .  
Price: H P  Model 1407A, $625. 

Specifications for the Model 1406A are identical to those of the 

Positioning: baseline can be positioned f 10 cm using contin- 

DC offset: offset is applied to the B ( - )  input. 

Specifications, Model 1406A 

Model 1407A with the following exceptions. 

uous adjustment control. 

Readout: 4-digit resolution with lighted decimal indicators. 
Ranges: kO.1,  1, 10, 100, 1000 V;  up to f 1 0  V offset can 

be used on all ranges; up to f 1 0 0  V can be used on 0.5 
mV/cm to 20 V/cm, and f 600 V on 5 mVJcm to 20 
V/crn. 

Accuracy: &0.15% of indicated value plus 0.05% of full  
scale offset range. 

Differential input: may be selected on all ranges; single- 
ended operation is used when employing offset. 

Input R C  1 megohm shunted by 100 pF. 
Maximum input: 600 volts peak (dc + a c ) ,  except on 0.05 

mV/cm to 20 mV/cm ranges and 0.1, 1, and 10 V offset 
ranges, where max input is 100 V. 

Price: H P  Model 1406A, $850. 
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TIME BASES 
Sweep speeds to 20 nsec/cm 
Models 1422A, 1420A, 1423A 

1 4 2 3 A  

These Time Base plug-ins supply sweep time, trigger, and 
horizontal input functions for the Model 140A/141A Oscillo- 
scopes, and feature automatic triggering and a single sweep 
mode. 

Range: 1 psecJcm to 5 sec/cm, 2 1  ranges in a 1, 2, 5 sequence; 
accuracy * 3 % ;  vernier provides continuous adjustment between 
steps and extends the 5 sec/cm step to at least 12.5' sec/cm. 

Magnifier: X5, overall accuracy * 5 % ;  expands 1 ,psec/cm speed to 
200 nsec/cm. 

Automatic triggering: (baseline displayed in the absence of an 
input signal). 
Internal: 50 Hz to 500 kHz for signals causing 0.5 cm or more 

External: 50 Hz to 500 kHz for signals at least 0.5 V pk-pk. 
Trigger slope: positive or negative slope of external sync signal 

Specifications, Model 1422A 

vertical deflection; also from line signal. 

or internal vertical deflection signal. 
Amplitude selection triggering: 

Internal: dc or 10 Hz to 500 kHz (depending on vertical system) 
for signals causing 0.5 cm or more vertical deflection. 

External: for signals at least 0.5 V pk-pk; dc coupled, dc to 500 
kHz; ac coupled, 10 Hz to 500 kHz; max. input, 600 V pk 
(dc + ac).  

Trigger point and slope: from any point on the vertical wave- 
form presented on crt; or continuously variable from -10 to 
'10 volts on external sync signal; positive or negative slope. 

Single sweep: front panel switch permits single sweep operation. 
Horizontal input: 

Bandwidth: dc coupled, dc to 400 kHz; ac coupled, 20 Hz to 
400 kHz. 

Deflection factor (sensitivity): vernier permits continuous ad- 
justment from approx. 0.8 V/cm to 2 . 5  V/cm. 

Input R C  1 megohm shunted by approx. 150 pF. 
Weight: net 5 Ibs (2,3 kg) ; shipping 7 Ibs (3,2 kg) .  
Price: H P  Model 1422A, $225. 

Specifications, Model 1420A 
Range: 0.5 ,psec/cm to 5 sec/cm, 22 ranges in a 1 ,  2, 5 sequence; 

accuracy rfr 35% ; vernier provides continuous adjustment between 
steps and extends the 5 sec/cm step to at least 12.5 sec/cm. 

Magnifier: X10, overall accuracy * 5 % ;  expands 0.5 gsec/cm speed 
to 50 nsec/cm. 

Automatic triggering: (baseline displayed in the absence of an input 
signal). 
Internal: 40 Hz to 500 kHz for signals causing 0.5 cm or more 

External: 40 Hz to 500 kHz for signals at least 0.5 V pk-pk. 
Trigger slope: positive or negative slope of external sync signal 

vertical deflection; also from line signal. 

or internal vertical deflection signal. 
Amplitude selection triggering: 

Internal: 10 Hz to 10 MHz for signals causing 0.5 cm or more 
vertical deflection; decreasing sensitivity to 20 MHz. 

External: for signals at least 0.5 V pk-pk; dc coupled, dc to 10 
MHz; ac coupled, 10 Hz to 10 MHz (both decreasing sensi- 
tivity to 20 MHz) ; max. input, 600 V pk (dc i- ac) . 

Trigger point and slope: from any point on the vertical wave- 
form presented on crt; or continuously variable from -7 to 
+7 volts on external sync signal; positive or negative slope. 

Single sweep: front panel switch permits single sweep operation. 
Horizontal input: 

Bandwidth: dc to better than 1.5 MHz (typically). 
Deflection factor (sensitivity): vernier permits continuous ad- 

justment from approx. 50 mV/cm to 5 V/cm. 
Input RC: 1 megohm shunted by approx. 50 pF. 

Weight: net 5 Ibs (2,3 kg ) ;  shipping 7 Ibs (3 ,2  kg ) .  
Price: H P  Model 1420A, $325. 

Specifications, Model 1423A 
Range: 0.2 ,psec/cm to 5 sec/cm, 23  ranges in a 1, 2 ,  5 sequence; 

accuracy * 3%; vernier provides continuous adjustment between 
steps and extends the 5 sec/cm step to at least 12.5 sec/cm. 

Magnifier: X10, overall accuracy * 5 % ;  expands 0.2 psec/cm speed 
to 20 nsec/cm. 

Automatic triggering: (baseline displayed in the absence of an 
input signal) same as Normal, except lower limit is 40 Hz for 
both ac and dc coupling. 

Internal: dc coupled: dc (with Models 1406A/1407A) to 15 MHz 
for signals causing 0.5 cm or more vertical deflection, to 20 
MHz for 1 cm signals; ac coupled: 10 Hz to 1 5  MHz for  0.5 
cm signals, to 20 MHz for 1 cm signals; ACF: approx. 2 kHz 
to 1 5  MHz for 0.5 cm signals, to 20 MHz for 1 cm signals. 

External: for signals at least 0.5 V pk-pk; dc coupled, dc to 20 
MHz; ac coupled, 10 Hz to 20MHz; ACF, approx. 2 kHz to 20 
MHz; max. input, 600 V pk (dc + ac) . 

Normal triggering: 

Line: triggering from line frequency also selectable. 
Trigger point and slope: selectable in both normal and automatic; 

from any point on the vertical waveform presented on crt, or 
continuously variable from - 5  to f 5  volts on external sync 
signal; positive or negative slope. 

Trigger hold-off: time continuously variable, exceeding one full  
sweep at 50 msec/cm and faster, prevents multiple triggering on 
signals that have desired triggering level and slope appearing more 
than once per cycle. 

Trigger input RC: dc and ac, approx. 1 megohm shunted by 50 pF; 
ACF, approx. 120 k ohms shunted by 50 pF. 

'Single sweep: front panel switch permits single sweep operation. 
Horizontal input: 

Bandwidth: dc to 500 kHz. 
Deflection factor (sensitivity): vernier and XI0 ma'gnif ier per- 

mit continuous adjustment from approx. 300 mV/cm to 30 V/cm 
Input RC: 1 megohm shunted by approx. 50 pF. 

Weight: net 5 Ibs (2,3 kg) ; shipping 7 Ibs (3,2 kg) .  
Price: HP Model 1423A, $450. 
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TIME BASE, DELAY GENERATOR 
Detailed analysis of complex waveforms 

Model 1421A 

The Model 1421A Time Base and Delay Generator provides 
sweep speeds to 20 nsec/cm with stable triggering to 20 MHz 
and beyond. Accurately controlled time intervals can also be 
generated, at the end of which a second sweep in the unit pro- 
vides the C R T  deflection signal. This delayed sweep feature 
permits detailed examination of any portion of a complex 
signal or pulse train. The Model 1421A can also trigger 
the deflection sweep at  the end of the delay interval either 
automatically, internally, or externally. In automatic, the de- 
layed sweep is immediately triggered at the end of the delay 
interval, permitting accurate measurements of time jitter in the 
input waveform. In internal and external, the delayed sweep 
is merely armed at the end of the delay interval and the input 
signal actually triggers the delayed sweep. Thus the display is 
free from jitter even though there may be appreciable jitter 
in the input signal itself, and accurate measurements of rise 
time or amplitude are possible. 

The four basic sweep modes of the Model 1421A are shown above. 
(A) Normal Sweep: (B) Intensified Sweep, the deflection developed by 
the delaying sweep and the trace brightened during the time that the 
delayed sweep is running: (C) Delayed Sweep, the brightened portion 
of (6 )  expanded to full screen; and (D) Mixed Sweep, beam deflected 
initially by delaying sweep and then by the faster delayed sweep. 

Specifications 
Main sweep: for displaying signals vs time where sweep delay 

is not required; employs the main time base only. 
Range: 0.2 psec/cm to 1 sec/cm, 2 1  ranges in a 1, 2 ,  5 se- 

quence; accuracy i 3%; vernier provides continuous ad- 
justment between steps and extends 1 sec/cm step to at 
least 2.5 sec/cm. 

Amplitude selection 
Triggering: (when used with Model 1402A). 

Internal: approx 10 Hz to 1 5  MHz for signals causing 
0.5 cm or more vertical deflection, to 20 MHz for 1 
cm signals; also from line signal. 

External: for signals at least 0.5 V pk-pk; dc coupled, 
dc to 20 MHz;  ac coupled, approx. 5 Hz to 20 MHz. 

Trigger point and slope: controls allow selection of 
level and positive or negative slope; trigger level of 
external sync signal is continuously variable from 
-5 to + 5 volts. 

Automatic: baseline displayed in the absence of an input 
signal; internally down to 40 H z  on signals causing 1 
cm or more vertical deflection, also on line signal; ex- 
ternally down to 40 Hz on signals at least 1 V pk-pk; 
trigger slope, positive or negative. 

Trace intensification: used for setting up Delayed or Mixed 
Sweep modes by increasing brightness of portion of Main 
Sweep which will be expanded to full screen in Delayed 
Sweep, or magnified portion of display in Mixed Sweep; 
rotating Delayed Sweep time switch out of Off position acti- 
vates intensified mode, 

Delayed sweep: delayed time base sweeps after a time delay 
set by Main Sweep and Delay Controls. 
Range: 0.2 psec/cm to 50 msec/cm, 17 ranges in a 1, 2, 5 

sequence; accuracy -C 3% ; vernier provides continuous 
adjustment between steps and extends 50 msec/cm step 
to at least 1 2 5  msec/cm. 

Time: continuously variable from 0.5 psec to 10 sec. 
Accuracy: * I % ;  linearity, &0.2%; time jitter less than 

O.OO>% of max. delay of each range (1  part in 20,000). 
Trigger output: (a t  end of delay time) approx. +4 V with 

less than 150 nsec risetime, from 1 k ohms output im- 
pedance. 

Triggering: (applies to intensified Main, Delayed, and Mixed 
Sweep modes).  
Automatic: delayed sweep starts precisely at end of delay 

period. 
Internal: delayed sweep triggered by vertical waveform pre- 

sented on CRT after end of delay period; approx. 10 Hz 
to 1 5  MHz for signals causing 0.5 cin or more vertical 
deflection, or to 20 MHz for 1 cm signals. 

External: delayed sweep triggered by external signal after 
end of delay period; for signals at least 0.5 V pk-pk: dc 
coupled, dc to 20 MHz;  ac coupled, approx. 5 Hz to 20 
MHz. 

Trigger point and slope: (internal and external) Same as 
Main Sweep. 

Mixed sweep: dual sweep-speed display in which main sweep 
drives first portion of display, and delayed sweep completes 
the display at  sweep speeds up to 100 times faster; change- 
over point determined approx. by delay setting. 
Triggering: same as for Delayed Sweep. 

0.2 psec/'cm speed to 20 nsec/cm. 

Delay (before start of delayed sweep) 

Magnifier: X10, any display; overall accuracy "5%; expands 

Single sweep: any display can be operated in single sweep. 
Horizontal input 

Bandwidth: dc to typically better than 500 kHz. 
Deflection factor (sensitivity): vernier and X10 magnif ier 

permit continuous adjustment from approx. 0.3 V/cm 
to 30 VJcm. 

Input RC: 1 megohm shunted by less than 20 pF. 
Weight: net, 5 Ibs (2,3 k g ) ;  shipping, 7 Ibs (3,2 k g ) .  
Price: H P  Model 1421A, $625. 
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The HP Model 1411A Sampling Vertical Amplifier is a 
basic vertical plug-in for the Model 140A/141A Oscillo- 
scopes that accepts a series of wide band samplers (see op- 
posite page). All three samplers have 1 mV/cm deflection 
factor (sensitivity). Feed-through inputs are also featured, 
for monitoring signals without terminating them and for 
precise Time Domain Reflectometry measurements. The re- 
mote samplers, connected to the oscilloscope by a five-foot 
cable, can be placed right at the signal source, eliminating 
line losses. 

Risetime is set with a control on the Model 1411A front 
panel, thereby allowing convenient adjustment of risetime 
and bandwidth to the ultimate when needed (at the sacrifice 
of increased noise). Measurement capability of the Model 
1411A is enhanced by the front panel recorder outputs, and 
an X - Y  mode for wideband phase measurements. 

Specifications 
(When used with Models 1430A, 1431A, 1432A) 

Mode of operation: (1) Channel A alone, ( 2 )  Channel B 
alone, ( 3 )  Channel A and Channel B, dual trace, (4 )  
Channel A plus Channel B, added algebraically, (5)  
Channel A vs Channel B, X - Y  operation. 

Polarity: any mode, either Channel, negative or positive up. 
Deflection factor (sensitivity): 1 mV/cm to 200 mV/cm, 8 

ranges in a 1, 2, 5 sequence; accuracy *3%; vernier 
provides continuous adjustment between steps and extends 
1 mV/cm step to at least 0.4 mV/cm. 

Isolation between channels: greater than 40 dB over band- 
width of sampler. 

Recorder outputs: front panel connectors provide 0.1 V/cm 
from a 500-ohm source; gain adjustable from approx 0.05 
V/cm to 0.2 V/cm; dc level adjustable from approx -1.5 
V to +0.5 v. 

SAMPLING VERTICAL AMPLIFIER 
Bandwidths to 12.4 GHz at 1 mV/cm 
Model 1411A 

a 
5. 
4 

0 2 4 6 8 1 0 1 2  
FREQUENCY-GHr FREQUENCY -GHz i L  0 2 4  FREQUENCY -GHz 10- FREQUENCY-GHr 

Typical bandwidth (left) and VSWR curves for Models 1430Aand 1431A. 

Weight: net, 10 Ibs (4,5 kg) ;  shipping, 15 lbs (6,s kg). 
Price: HP Model 141 1 A, $700. 
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SAMPLERS 
Remote operation, feed-thru inputs 

Models 1430A, 1431A, 1432A 

1 4 3 0 A  and 1 4 3 1 A  

The Model 1430A provides 28 psec risetime with minimum 
overshoot for accurate measurements on fast-rise signals. Used 
with the Model 1105AJ1106A 20 psec Pulse Generator, its 
response and feed-through inputs make it ideal for T D R  mea- 
surements down to a few millimeters resolution. 

The Model 1431A allows viewing of sine wave signals from 
dc to beyond 12.4 G H z  at 1 mV/cm sensitivity. It differs 
slightly from the Model 1430A, having a very flat bandwidth 
and low VSWR at the sacrifice of increased overshoot. Phase 
shift measurements can be made to 'within a few degrees a t  
5 GHz, as well as accurate VSWR measurements. 

The Model 1432A is a lower-priced version of the Models 
1430A and 1431A. Its 90 psec risetime, dc to 4 G H z  band- 
width, 1 mV/cm sensitivity, and feed-through inputs permit 
many accurate measurements involving fast pulses, sine waves, 
and T D R .  

Specifications, Model 1430A 
(when used with Model 1411A) 

Rise time: approx. 2 8  psec (less than 35 psec observed with 
Model 1105A/llO6A Pulse Generator and Model 909A 
50-ohm Load) .  

Bandwidth: dc to approx. 12.4 GHz.  
VSWR: less than 3 : l  at 12.4 GHz. 
Overshoot: less than * 5 % .  
Noise: ( 3 X  rms, or observed signal excluding 10% of random 

dots) less than 8 mV, 10 mV/cm to 200 mV/cm; noise de- 
creased on automatically smoothed ranges 5 ,  2, and 1 mV/ 
cm; smoothed position of smoothing switch reduces noise 
and jitter approx. 4 :  1 ;  vernier provides continuous adjust- 
ment between normal and smoothed modes. 

Dynamic range: volt. 
Low frequency distortion: less than *3%. 
Maximum input: & 3  volts. 
Input characteristics 

Mechanical: precision ? mm (Amphenol APC-7) connectors 
on input and output. 

Electrical: SO-ohm feed-through, dc coupled; reflection from 
sampler is approx. l o % ,  using a 40 psec T D R  system; 
pulses emitted from sampler input are approx. 10 m V  in 
amplitude and 5 nsec in duration. 

Time difference between channels: less than 5 psec. 
Connecting cable length: 5-ft (for longer cable, see special 

Weight: net 4 lbs (1,8 k g ) ;  shipping 9 Ibs (4,l  k g ) .  
Accessories provided: two Amphenol APC-? to female Type N 

adapters ( H P  Model 10224A), and two SO-ohm loads ( H P  
Model 909A).  

order below ) . 

Price: H P  Model 1430.4, $3000. 
Special order: lo - f t  connecting cable (5-ft is s tandard) ,  order 

C01-1430A, add $35. 

Specifications, Model 1431A 
(when used with Model 1411A) 

Rise time: approx. 28 psec. 
Bandwidth: dc to greater than 12.4 G H z  (less than 3 dB down 

from a 10 cm reference). 
VSWR: dc to 8 GHz, 1 . 4 : l ;  8 to 10 GHz, 1 .6 : l ;  10 to 12.4 

GHz, 2.0:1. 
Noise: less than 7 m V , l O m V / c m  to 200 mV/cm (otherwise 

same as Model 1430A). 
Dynamic range: t l  volt. 
Low frequency distortion: less than 2 3 % .  
Maximum input: k 3  volts. 
Input characteristics 

Mechanical: precision ? mm (Amphenol APC-?)  connectors 
on input and output. 

Electrical: 50-ohm feed-through, dc coupled; reflection from 
sampler is approx. 5%, using a 40 psec T D R  system; 
pulses emitted from sampler input are approx. 10 m V  in 
amplitude and 5 nsec in duration. 

Phase shift between channels: less than 10" at  5 G H t ,  typi- 

Connecting cable length: 5-ft (for longer cable, see special 

Weight: net 4 Ibs (1,8 kg) ; shipping 9 lbs (4,l  k g ) .  
Accessories provided: two Amphenol APC-? to femaleType N 

adapters(HP Model 10224A), and two 50-ohm loads ( H P  
Model 909A).  

cally less than 2 "  at 1 GHz. 

order below). 

Price: H P  Model 1431A, $3000. 
Special order: 10-ft connecting cable (5-ft  is s tandard) ,  order 

C01-1431A, add $35. 
Specifications, Model 1432A 
(when used with Model 1411A) 

Rise time: less than 90 psec. 
Bandwidth: dc to 4 GHz.  
Overshoot: less than e>%. 
Noise: less than 3 mV, 10 mV/cm to 200 mV/cm (otherwise 

same as Model 143OA). 
Dynamic range: *1 volt. 
Low frequency distortion: less than 
Maximum input: f 5  volts. 
Input characteristics 

Mechanical: GR Type 874 connectors on input and output. 
Electrical: 50-ohm feed-through, dc coupled; reflection from 

sampler is approx. 15%, using a 90 psec T D R  system; 
pulses emitted from sampler input are approx. 50 mV in 
amplitude and 10 nsec in duration. 

Time difference between channels: less than 25 psec. 
Connecting cable length: 5-ft  (for longer cable, see special 

Weight: net 4 Ibs (1,8 kg) ; shipping 9 lbs (4 , l  kg)  . 
Accessories provided: two G R  Type 8?4-W50 50-ohm loads. 
Price: H P  Model 1432A, $1000. 
Special order: lo - f t  connecting cable (5-ft is s tandard) ,  order 

order below). 

C01-1432A, add $35. 

1 4 3 2 A  
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10216A 

The H P  Model 1410A Sampling Vertical Amplifier has 
the capability of 1 GHz bandwidth at 1 mV/cm sensitivity. 
The high-impedance probes allow convenient circuit mea- 
surements, and the jo-ohm inputs permit direct monitoring 
of coaxial lines. Both input modes retain the full 1 GHz 
bandwidth. 

Internal delay lines provide convenient triggering when 
using the 50-ohm inputs. Triggering is selectable from either 
Channel A or Channel B. 

The ability to select the optimum compromise among 
risetime, overshoot, and noise is available with the front- 
panel risetime control. The smoothing controls help to 
further reduce unwanted noise. Also on the front panel, are 
recorder outputs for driving X - Y  or strip-chart recorders. 

Specificat ions 
Mode of operation: (1)  Channel A alone, ( 2 )  Channel B 

alone, ( 3 )  Channel A and Channel B, dual trace, (4 )  
Channel A plus Channel B, added algebraically, ( 5 )  
Channel A vs Channel B, X - Y  operation. 

Polarity: any mode, either channel, negative or positive up. 
Bandwidth: dc to 1 GHz. 
Risetime: less than 350 psec. 
Overshoot: less than 5 % .  
Deflection factor (sensitivity): 1 mV/cm to 200 mV/cm, 8 

ranges in a 1, 2,  5 sequence; accuracy f3 ' /C;  vernier 
provides continuous adjustment between steps and extends 
1 mV/cm step to at least 0.4 mV/cm. 
Isolation between channels: greater than 40 dB to 1 GHz. 

Probes: 100 k ohms shunted by 2 pF, nominal. 
GR type 874 inputs: 50 ohms f274 with 6 0  nsec internal 

delay lines for viewing leading edge of fast rise signals; 
reflection from input connector is approx. 10% using a 
150 psec TDR system. 

Noise: (3X rms, or observed signal excluding 10% of ran- 
dom dots, measured with probe terminated in 50 ohms) 
less than 1 mV, 5 mV/cm to 200 mV/cm; noise de- 
creased on automatically smoothed ranges 2 and 1 mV/ 
cm; smoothed position of smoothing switch reduces noise 
and jitter approx. 4 :  1; vernier provides continuous ad- 
justment between normal and smoothed modes. 

In put impedance: 

2 I isolator 

The A vs B mode of the Model 1 4 1 0 A  permits X.Y measurements to I 
GHz and above. 

Dynamic range: i.2 ~ o l t s .  
Drift: less than 3 mV/hr (after warm-up), 
Maximum input: probes, 1-50 volts; jo-ohm inputs, t 5  

volts. 
Triggering: internal or external when using jo-ohm inputs; 

internal triggering selectable from Channels A or B; ex- 
ternal triggering necessary when using probes. 

Time difference between channels: (for probes or 50-ohm 
inputs) less than 100 psec. 

Recorder outputs: front panel connectors provide 0.1 V/cm 
from a 500-ohm source; gain adjustable from approx. 0.05 
V/cm to 0.2 V/cm; dc level adjustable from approx. 
-1.5 v to +0.5 v. 

Accessories provided: 

10218A 

HP Model 1 Quantity I Description 
10214A I 2 I 1O:l divider 

2 [ BNC adapter 
10219A 1 I GR adapter 
10220A 
10221A 
10213-62102 

2 Microdot adapter 
1 50-ohm T-connector 
6 Ground cl iu 

Weight: net, 10 Ibs (4,5 k g ) ;  shipping, 1 5  Ibs (6,s k g ) ,  
Price: H P  Model 1410A, $1600. 

5020-0457 
5020-0503 
- 

Accessory kit supplied with the Model 1 4 1 0 A  

6 Probe tip 
1 Probe adjustment tool 
1 Accessory box 
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Model 1410A accessories (separately available) 
Model 10214A 1O:l divider 

Permits accurate measurement of signals as large as 20 volts 
peak-to-peak and increases the impedance of the Model 1410A 
probe to 1 megohm shunted by 2.5 pF. The divider fits on the 
end of the probe so that the probe’s small dimensions are 
preserved. Price, $30. 

Model 10216A isolator 
The isolator increases convenience and accuracy when prob- 

ing with the Model 141OA by reducing baseline shift and 
transient response changes caused by changes in the circuit 
source impedance. The isolator increases the rise time of the 
Model 1410A to approximately 0.6 nsec, adds no more than 
3 pF  to the probe input capacity, and retains the high input 
resistance. Price, $25. 

Model 10217A blocking capacitor 
This blocking capacitor (0.001 PIF ) permits measurements 

of signals that are f 5 0  volts from ground (to t 2 0 0  V when 
used with Model 10214A 10:1 Divider) .  The blocking capaci- 
tor contributes only 1% sag to a 1 Psec pulse when used with 
the Model 1410A probe alone, and 0.1% sag when used with 
the 1O:l divider. No more than 2 .5  pF shunt capacitance is 
added to the input by the blocking capacitor. Price, $20. 

Model 10218A BNC adapter 
Converts Model 1410A probe tip into a male BNC con- 

nector. Price, $6. 

Model 10219A GR adapter 
Converts Model 1410A probe tip into a GR Type 874 con- 

nector. Price, $11. 

Model 10220A microdot screw-on adapter and 
Model 10223A microdot slide-on adapter 

These adapters allow easy connection of the coaxial con- 
nectors, and also provide a solid ground reference. Price: H P  
Model 10220A, $3.50; H P  Model 102254, $2. 

Model 10221A 50-ohm T connector 
Permits monitoring of signals in 50-ohm transmission lines 

with the Model 14lOA without terminating the line or disturb- 
ing the signal. Mismatch is low; the reflection from a step 
input in a 350-psec rise time system is a 500-psec wide inverted 
pulse that is no greater than 20% of the input step height. The 
Model 10221A has two GR Type 874 fittings and will accept 
a 50-ohm termination when it is desirable to terminate the 
signal. Price, $40. 

Available accessories not supplied with Model 1410A 
Model 10203A 1OO:l divider 

This 1OO:l divider may be used to reduce signal levels as 
high as 200 V to the f Zdynamic range of the Model 1410A. 
The Model 10203A offers less than 1 pF shunt capacity and 
10 megohms shunt resistance to the circuit under test. (The 
Model K01-10203A Divider Adapter must be used to adapt 
the Model 10203A to the Model 1410A probe.) Price, $40. 

Model K01-10203A divider adapter 
Adapts the Model 10203A 10O:l Divider to the Model 1410A 

probe. Price, $20. 
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The Model 142419 is an easy-to-use sampling time base 
plug-in for the 140A/141A Oscilloscopes, and is used with 
either the Model 1410A or 1411A sampling vertical am- 
plifier plug-ins. The Model 1424A features calibrated sweep 
speeds as fast as 10 psec/cm, low jitter, triggering to 5 GHz, 
and direct readout sweep speeds, even when in the expanded 
mode of operation. An intensified marker indentifies the 
point on the sweep around which the expansion takes place, 
and a front panel switch allows the operator to quickly 
switch back and forth between expanded and normal sweep 
modes, making trace set-up simple and fast. Highly accurate 
time interval measurements are made possible by the cali- 
brated marker position control. 

The single scan feature helps provide clearer photos and 
stored displays of signals which are changing and/or drift- 
ing. The external scan input feature makes the Model 1424A 
adaptable to various automatic systems, and allows it to be 
used with a strip chart recorder rather than a more expensive 
X - Y  recorder. 

Specificat ions 
Range: 10 psec/cm to 500 ,,.sec/crn, 24 ranges in a 1, 2, 5 

sequence; 1 nsec/cm to 500 psec/cm sweeps may be ex- 
panded up to 100 times and read out directly; 10 psec/ 
cm to 500 psec/cm sweeps are obtained by expansion, 
and also read out directly; accuracy t 3 % ,  except for 
slight non-linearity at start of normal (unexpanded) 
sweep, and & 5 %  on 200 psec/cm and 500 psec/cm; 
vernier provides continuous adjustment between steps and 
extends 10 psec/cm step to at least 4 psec/cm. 

Marker position: intensified marker indicates point about 
which sweep is expanded; 10-turn calibrated control. 

Minimum delay: less than 5 5  nsec. 
Triggering: (less than 1 GHz)  

Internal: (with Model 1410A) 
Automatic: baseline displayed in the absence of an input 

signal. 
Pulses: at least 75 mV amplitude required of fast rise 

pulses 2 nsec or wider for jitter less than 20 psec. 
Sine waves: signals from 60 Hz to 500 MHz require 

2 5  mV amplitude for jitter less than 10% of input 
signal period (usable to 1 GHz with increased 
jitter). 

Level select: 
Pulses: at least 50 mV amplitude required of fast rise 

pulses 2 nsec or wider for jitter less than 20 psec. 

Sine waves: signals from dc to 300 MHz require 25 
mV amplitude (increasing to 200 mV at 1 GHz)  
for jitter less than 1% of input signal period 
+10 psec. 

External 
Automatic: baseline displayed in the absence of an input 

signal. 
Pulses: at least 100 mV amplitude required of fast 

rise pulses 2 nsec or wider for jitter less than 20 
psec. 

Sine waves: signals from 60 Hz to 500 MHz require 
50 mV amplitude for jitter less than 10% of input 
signal period (usable to 1 GHz with increased 
jitter). 

Level select: 
Pulses: at least 50 mV amplitude required of fast rise 

pulses 2 nsey or wider for jitter less than 20 nsec. 
Sine waves: signals from dc to 1 GHz require 50 

mV for jitter less than 1% of input signal period 
+ l o  psec; jitter is less than 50 psec for signals 
of 10 mV amplitude at 1 GHz. 

Slope: positive or negative. 
Sensitivity: jitter specifications given above are for sensitive 

mode; normal mode reduces sensitivity by approx. 10:1. 
Dynamic range: (external) 100 mV in sensitive; 1.0 V in 

normal. 
External trigger input: 50-ohms, ac or dc coupled; signal out- 

put less than 10 mV in sensitive, and less than 5 mV in 
normal. 

Maximum input: sensitive, 5 V rms or peak transient; normal, 
5 V rms (50 V pk transient) ; internal, 5 V rms or peak 
transient. 

Jitter: less than 10 psec on 1 nsec/cm range and less than 
20 psec (or 0.005% of unexpanded sweep, whichever is 
larger) at 2 nsec/cm and slower, with large amplitude 
signals having risetimes of 1 nsec or faster. 

Triggering: (greater than 1 GHz) jitter less than 20 psec 
for 2 5  mV input, 500 MHz to 5 G H t .  

Scanning 
Internal: X axis driven from internal source; scan density 

Manual: X axis driven by manual scan control. 
Record: X axis driven by internal slow ramp; approx. 60 

External: 0 to + 1 5  V required for scan; input impedance, 

Single scan: one scan per actuation; scan density con- 

continuously variable. 

seconds for one scan. 

10K ohms. 

tinuously variable. 
Sync pulse output 

Amplitude: greater than 1.5 V into 50 ohms. 
Rise time: approx. 1 nsec. 
Overshoot: less than 5%. 
Width: approx. 1 pec .  
Relative jitter: less than 10 psec. 
Repetition rate: one pulse per sample. 

Weight: net 5 Ibs (2,3 kg) ;  shipping 9 Ibs (4,l kg).  
Price: H P  Model 1424A, $1200. 
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SAMPLING TIME BASE 
AND DELAY GENERATOR 

Clear disdavs of long.. comdex waveforms 
I- a -  - Q. - . - - . - 

Model 1425A 

The Model 1425A Sampling Time Base and Delay Generator 
provides calibrated sweep speeds to 10 psec/cm, and sweep de- 
lays to 5 msec. The Model 1425A has provision for generating 
accurately controlled time intervals at  the end of which a sec- 
ond sweep provides the time base displayed on the CRT. This 
delayed sweep feature permits any portion of a complex signal 
or pulse train to be examined on sweep speeds as fast as 10 
psec/cm. In addition, the Model 1425A has two identical trig- 
ger circuits which permit the delayed sweep to be triggered at 
the end of the delay interval, either automatically, internally 
or externally. In the automatic trigger mode the delayed sweep 
is immediately triggered at the end of the delay interval, per- 
miting accurate measurements of any rate jitter associated with 
the input signal. In the level select trigger mode the delayed 
sweep is armed at  the end of the delay interval thereby permit- 
ting the input signal to trigger the delayed sweep. Thus,  any 
rate jitter associated with the input signal is effectively elim- 
inated from the display. 

Additional magnification of the delayed sweep up to 100 
times is provided by a magnifier control. Thus,  for example, it 
is possible to display a pulse train of 100 events and select the 

‘97th event to which the delayed sweep can be synchronized. 
The  97th event can then be displayed on a time scale thousands 
of times faster than the former display time. The advantages of 
the sweep delay technique become apparent when compared 
to the conventional sweep magnification employed in sampling 
scopes which allow magnification of only 100 to one and do 
nothing to eliminate rate jitter. 

Automatic triggering facilitates getting a trace on screen by 
providing a baseline in the absence of an input signal, and 
triggering without adjustment on most input signals. An in- 
tensified marker helps set up magnified traces by identifying 
the expansion point. A pushbutton return to X 1  magnification 
makes operation even easier by providing a quick look at the 
unmagnified trace. Simplified front panel controls, including 
easy-to-use slide switches, also help to simplify operation. 

Jitter on delayed pulse in left photo eliminated a t  right by triggering 
the delayed sweep. Sweep speed, 1 ns/cm; delay, 5 fisec. 

Specificat ions 
Main sweep: 

Range: 1 nsec/cm to 10 psec/cm, 13 ranges in a 1, 2, 5 se- 
quence; accuracy C3%, except for slight non-linearity at  
start of unexpanded sweep; vernier provides continuous 
adjustment between steps and extends maximum magni- 
fied speed to at least 4 psec/cm. 

Magnifier: X 1  to XlOO in 7 calibrated steps; increases 1 
nsec/cm sweep step to 10 psec/cm; pushbutton returns 
magnifier to X I .  

Marker position: intensified marker indicates point about 
which sweep is expanded; 10-turn control. 

Minimum delay: Main Sweep, less than 5 5  nsec; Main De-  
layed Sweep, less than 105 nsec. 

1 4 2 5 A  

Triggering: (for both Main and Delaying Sweep) 
Internal: 

Automatic: baseline displayed in the absence of an input 
signal. 
Pulses: at least 75 m V  amplitude required of pulses 

2 nsec or wider for jitter less than 30 psec. 
Sine waves: signals from 200 Hz to 500 MHz require 

50 m V  amplitude for jitter less than 10% of input sig- 
nal period (usable to 1 G H z  with increased jitter). 

Pulses: at least 100 m V  amplitude required of fast rise 
pulses 2 nsec or wider for jitter less than 20 psec. 

Sine waves: signals from 200 Hz to 300 MHz require 
50 m V  amplitude (increasing to 400 m V  at 1 G H z )  
for jitter less than 1% of input signal period + 10 
psec. 

External: same as Model 1424A, except low end of sine wave 

Slope: positive or negative. 
Sensitivity: jitter specifications given above are for sensitive 

mode; normal mode reduces sensitivity by approx 1 O : l .  
Dynamic range: (external) 100 m V  in sensitive; 1.0 V in 

normal. 
External trigger input: 50-ohms, ac coupled (2.2 flF); signal 

output, less than 10 m V  in sensitive, and less than 5 m V  
in normal. 

Maximum input: sensitive, 5 V rms or peak transient; normal 
5 V rms (50 V pk transient); internal, 5 V rms or peak 
transient. 

Jitter: less than 10 psec on 1 nsec/cm range and less than 
20 psec (or 0.005% of unexpanded sweep, whichever is 
larger) at 2 nsec/cm and slower, with large amplitude sig- 
nals having rise-times of 1 nsec or faster. 

Level select: 

triggering range is 200 Hz. 

Delaying sweep: 
Range: 10 nsec/cm to 500 wec/cm, 1 5  ranges in a 1, 2, 5 se- 

quence; accuracy &3%,  except for slight nonlinearity at 
start of sweep, and & 5 Y ,  on 200 psec/cm and 500 ccsec/ 
cm; vernier provides continuous adjustment between steps 
and increases 10 nsec/cm step to at least 4 nsec/cm. 

Delay time: continuously variable from 50 nsec to 5 msec. 
Accuracy: *3%; linearity 0.5%; jitter time is less than 1 

part in 20,000 or 20 psec, whichever is greater. 
Sweep functions: main, delaying, and main delayed, 
Scanning: same as Model 1424A, except no external scan input. 
Sync pulse output: same as Model 1424A; pulse always syn- 

chronized to main sweep trigger circuit; pulse delay and rate 
are variable. 

Weight: net, 7 Ibs (3,2 k g ) ;  shipping, 11 lbs ( 5  k g ) .  
Price: H P  Model 1425A3, $1600. 
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Model 

10201A 

SAMPLING ACCESSORIES 
Accessory kit, sync probe, and trigger countdowns 
Models 1102B, 10200B, 1103A, 1104A/1106A 

Division 
Input Ratio with M a x  th:& 

Resistance Division 10205A Sync Input with 
(ohms)* Ratio l a k e - o f f  (vrms)t 10209A 

250 5:l 1O:l 10 0.25 

Model 1102B Accessory Kit 
The Model 1102B Accessory Kit permits convenient circuit 

probing and reduces circuit loading with oscilloscopes that have 
50-ohm input impedances. Thus it allows probing with the 
Model 1410A where the 50-ohm inputs are used in order to get 
internal triggering. The kit is also ideal for the Model 1432A 
where a high input impedance is needed to prevent loading of 
the test circuit. 

Model 10201A to D Resistive Divider Probes. Since the di- 
viders are series resistors, they should always be terminated 
with 50 ohms to provide the correct voltage division. They 
should not be attached directly to the Model 1410A probe, 
which has an input resistance of 100 k ohms. Kit contains 
one each of the following: 

10201c 2500 50:l 100:l 35 2.5 

I 102018 I 500 1 1O:l 1 20:l  I 15 1 0.5 1 

10201D 5000 1OO:l 2OO:l 50 5.0 

Model 10200B Sync Probe 

The Model 10200B, for use with Model 1424A and 1425A 
Sampling Time Bases, increases trigger input impedance to 
more than 750 ohms, ac coupled. I t  reduces sensitivity by about 
4 : l  at 10 MHz and higher, and by about 20:1 at low frequen- 
cies. Price, $50. 

Model 1103A Trigger Countdown 

Permits stable triggering, 500 MHz to 10 G H z  by dividing 
down input trigger frequency to about 30 MHz. 15  m V  rms 
input produces less than 30 psec jitter at  5 GHz. Sensitivity 
decreases above 5 GHz to about 250 m V  at 10 GHz. Price, $325. 

Model 1104A/1106A 
18 GHz Trigger Countdown 

The Model 1104A/llO6A counts down signals from 1 G H z  
to 18 GHz, resulting in an output of about 200 m V  at 1 2 5  
MHz. The unit consists of two parts: the Model l l 0 4 A  Count- 
down Supply and the Model llO6A Tunnel Diode Mount. 

Input 
Frequency range: 1 G H z  to 18 GHz.  
Sensitivity: signals 100 m V  or larger,and up to 12.4 G H z  
produce. less than 20 psec of jitter (200 m V  required to 18 
G H z ) .  
Maximum safe input: i .25  mA. 
Input impedance (Model 1106A): 50-ohm Amphenol APC-7 

input connector. Reflection from input connector is less 
than lo%, using a 40 psec T D R  system. 

Signal appearing at input connector: less than 250 m V  step 
whose top is flat within 2 %  for 1 nsec. 

Center frequency: approximately 1 2 5  MHz.  
Amplitude: typically 200 mV. 

Model 1104A: net 2 Ibs (0,9 kg)  ; shipping 4 lbs (1,8 kg)  , 
Model 1106A net 1 Ib (0,5 k g ) ;  shipping 3 Ibs (1,4 k g ) .  

output 

Weight 

Price: H P  Model 1104A, $200; H P  Model 1106A, $550. 
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Noloe at Noise at 
Mode low bandwidth high bandwidth 

Linear 40 pV pk-pk 200 pV pk-pk 

T h e  Model 1416A Swept Frequency Indicator transforms the 
Model 140A/141A into an X - Y  oscilloscope which speeds and 
simplifies microwave swept-frequency measurements. Insertion 
loss vs. frequency measurements on attenuators, filters, ferrite 
isolators, and return loss measurements on all types of loads 
can be made with ease and accuracy. 

The  Model 1416A incorporates a number of features which 
provide convenience and accuracy not available with the usually 
used conventional X - Y  scope. Readouts directly in d B  are 
provided by the Model 1416A’s logarithmic amplifier. The  
Attenuation-dB control allows a calibrated d B  offset to be 
applied to an offscreen trace, allowing it to be centered on 
screen and for high resolution readings. A linear mode of opera- 
tion is also provided. A chopper stabilized input amplifier mini- 
mizes drift, and a front-panel adjustable bandwidth switch al- 
lows the operator to select a bandwidth just wide enough to 
present the signal with a minimum amount of noise. An in- 
ternal d B  calibrator, accurate to 37&, allows a quick check of 
amplifier accuracy. Also provided on the front panel are out- 
puts for driving an  X - Y  recorder. Thus,  you can now achieve 
speed, convenience, and accuracy with all types of swept-fre- 
quency measurements by using the Model 140A-l41A/1416A 
combination and appropriate auxiliary equipment. Sweep 
oscillators and associated instruments are available for testing 
both coaxial and waveguide microwave components from 1 
to 40 GHz. Such items as adapters, impedance transformers, 
tuners, loads, filters, detectors, couplers, and attenuators can 
be measured or adjusted. Swept-frequency techniques are also 
useful for over-all system analysis. 

Swept-frequency techniques are not only helpful design aids, 
but can be used as maintenance tools as well. They provide 
fast routine maintenance checks on laboratory instruments. 
Hours, and sometimes days, of tedious precise measurements 
can often be completed within minutes. 

Specifications 
Mode of operation: linear or logarithmic. 
Bandwidth 

Linear: variable frcm approximately 1 kHz to 30 kHz in four 

Logarithmic: varies with input level. 

Linear: 50 BV/cm to 10 mV/cm, 8 ranges in a 1, 2, 5 sequence; 
accuracy * 3 yo, 

Logarithmic: 0.5 dB/cm to 10 dB/cm (referred to rf input into 
crystal detector) in 5 ranges; accuracy (after 30-min. warmup), 
k0.02  dBJdB (0 to -25 dB) and t 0 . 0 3  dB/dB ( - 2 5  to -30 
dB) . 

steps. 

Deflection factor (sensitivity) 

Noise: typical observed values on CRT: 

Logarithmic : 
input signal level 

0 dB 
-10 dB 
-20 dB 
-25 dB 
-30 dB 

0.05 dB 
0.05 dB 
0.3 dB 

1 dB 
4 dB 

0.1 dB 
0.2 dB 
0.4 dB 

1 dB 
4 dB 

Maximum measured noise at RECORDER OUTPUT: (measured 
with a True RMS Voltmeter, and recorder output deflection factor 
set to 200 mVJcm) . 
Linear: less than 120 mV; Model 1416A deflection factor set to 

Logarithmic: less than 50 mV/cm; Model 1416A deflection factor 

Internal calibrator: four positions: 0 ,  10, 20, and 30 dB below 

Sweep and blanking: supplied by Model 690-Series Sweep Oscil- 

Recorder outputs 

0.05 mV/cm and input shorted. 

set to 5 dBJcm and input signal of -50 pV (-30 dB).  

approximately 50 mV; accuracy kO.01 dB/dB. 

lator. 

Vertical: gain adjustable from 0 to approximately 200 mV/cm; 

Horizontal: gain adjustable from 0 to approximately 100 mV/cm; 
dc level adjustable over approximately k 1.5  volts. 

dc level adjustable over approximately f 1 volt. 
Inputs 

Vertical: input impedance, 75 k ohms; dynamic range: logarith- 
mic, -50 pV to -100 mV; linear 0 to -100 mV; BNC connec- 
tor receives output from Models 423A or 424A Crystal Detec- 
tors, or Models 786D or 787D Directional Detectors (all 
Option 0 2 ) .  

Horizontal: ramp required: amplitude between 7 .5  and 20 volts; 
some part of ramp must be at 0 volts. 

Blanking: 0 to - 5  V gate (supplied by Model 690-Series Sweep 
Oscillator; early models require slight modification). 

Power: supplied by oscilloscope. 
Weight: net 7 Ibs (3 ,2  kg) ; shipping 14 Ibs (6,3 kg) ,  
Price: HP Model 1416A, $675. 
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1415A 

/ 

The Model 1415A Time Domain Reflectometer/140A or 
141A Oscilloscope represent a completely integrated broadband 
system for testing cables, transmission lines, striplines, con- 
nectors,and many other types of broadband devices. The  Model 
1415A itself consists of a fast-rise pulse generator, a single- 
channel sampler, and a time base generator. The  method of 
evaluation is essentially a "closed loop radar"; a voltage step 
from the pulse generator is fed into the test system and the re- 
flections observed. Reflections occur each time the step en- 
counters an impedance mismatch (Le., discontinuity) as it 
travels through the system, and these reflections are added to 
the incident wave and displayed on the CRT. The  time required 
for the reflection to return to the sampler locates the disconti- 
nuity; the shape and magnitude of the reflected wave indicate 
its nature (i.e., resistive, inductive, or capacitive) and the value 
of the effective R, L, or C causing the mismatch. 

1-F ]I/' Y? g--+ T 
I--.-? 
The three displays above represent resistive, capacitive, and 

inductive discontinuities, respectively. Each discontinuity is 
located a distance X from the sampling gate, and that  distance 
can be measured directly on the C R T  display. From the displays 
and relationships governing propagation on a transmission line, 
both qualitative and quantitative information about the system 
under test is immediately available. 

Since discontinuities separated in distance on the line generate 
reflections separated in time a t  the monitoring point (input to 
the Model 1415A),  each individual discontinuity is resolved. 
( T h e  limit on the resolution of two discontinuities depends on 
the rise time of the pulse generator-oscilloscope system. With  
Model 1415~4,  the system rise time is less than 150 psec, allow- 
ing a resolution between discontinuities of less than 1 inch.) 

The  Model 1415A, therefore, measures cable impedances with- 
out interference from the mismatch generated a t  connectors. 
It also makes it possible to tune antennas for optimum im- 
pedance matching, to adjust broadband attenuators for uni- 
form response, and to perform many other measurements with 
greater resolution and faster than with traditional microwave 
methods. 

F i g u r e  1. M a g n i f i e d  d i s p l a y  of a  BNC c o n n e c t o r  j o i n l n g  t w o  5 0 - o h m  
c a b l e s .  T h e  h o r i z o n t a l  a x i s  i s  s e t  a t  2 c m i c m .  M u l t i p l y i n g  t h e  3.5 c m  
d e f l e c t i o n  b y  t h e  r e f l e c t i o n  c o e f f i c i e n t  s e n s i t i v l t y  o f  O . O l / c m .  o n e  c a n  
d e t e r m i n e  t h e  c o n n e c t o r  h a s  a  p o f  0.035. 

The most conventional method that  has been employed to 
evaluate the quality of a transmission system involves measur- 
ing the standing-wave ratio ( swr)  by feeding a sine wave 
signal into the line and observing the maximum and minimum 
amplitudes of the standing waves on the line. A low swr for 
the overall system is usually desirable. W h e n  the system in- 
cludes several discontinuities, however, the swr measurement 
does not isolate them; nor does the measurement indicate what  
must be done to make improvements. It also fails to demon- 
strate whether or not one discontinuity is generating a reflection 
of the proper phase and magnitude to cancel the reflection from 
a second discontinuity, thereby giving a false measure of the 
actual quality of the system. Pulse reflection testing avoids 
these inherent disadvantages of the swr technique, since each 
discontinuity is isolated for analysis. In addition, the measur- 
ing system is completely self-contained when using the Model 
140A or 141A/1415A, eliminating the cumbersome slotted line- 
swr meter-signal generator system for broadband transmission. 

Features incorporated in the Model l415A include a "de- 
tailed scan" switch which increases tho number of samples/cm 
by a factor of ten. In addition, the Model 1415A includes a 
trigger output for synchronizing external equipment and a 
recorder output  with manual scan to preserve the trace on a 
dc s - y  recorder. A more extensive description of the applica- 
tions and measurement techniques of the H P  Model 1415Ais 
contained in Application Notes 62, 67, and 75, available on 
request. 

F i g u r e  2. TDR d i s p l a y  of a  s e c t i o n  o f  u n k n o w n  c a b l e  s p l i c e d  i n t o  a  
l e n g t h  o f  5 0 - o h m  cab le .  N o t i n g  t h e  d i s t a n c e  s e t t i n g  o f  40 c m i c m ,  a n d  
r e f l e c t i o n  c o e f f i c i e n t  s e n s i t i v i t y  o f  0 . 2 / c m .  o n e  c a n  d e t e r m i n e  t h e  un- 
k n o w n  c a b l e  i s  120 c m  l o n g  a n d  h a s  a  2, o f  44 o h m s .  I m p e d a n c e  
c h a n g e s  as small as 0.1  o h m  a re  r e a d i l y  r e s o l v e d  w h e n  m a g n i f i e d .  
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Quantity Description 
2 GR elbow 
1 
1 

GR to  Type N adapter 
Type N to BNC adapter 

Specifications 
System (in reflectometer configuration) 

Rise time: less than 150 psec. 
Overshoot: 5 %  or less oi-ershoot and ringing (down to 0.5% in 

Internal reflections: less than 10% (does not limit resolution). 
Reflectometer sensitivity: reflection coefficients as small as 0.001 

Rep rate: 150 kHz nominal. 

Rise time: approx. 110 psec. 
Reflection coefficient: 0.5/cm to 0.005/cm in 1, 2, 5 sequence. 
Input: 50 ohms, feed-through type. 
Noise and internal pickup, peak 0.1% of step (terminated in 

Dynamic range: t 0 . 5  iolt .  
External signal level: up to 1 V pk-pk may be safely applied to 

Attenuator accuracy: i: 3 % .  

Amplitude: approx. 0.25 V into 50 ohms (0.5 V into open cir- 

Rise time: approx. 50 psec. 
Output impedance: 50 ohms k 1 ohm. 
Droop: less than 1%. 

Distance scale (cm line/cm display) accuracy: 5 % .  
Polyethylene line ( E  = 2.25): 200 cm/cm to 2000 cm/cni. 
Air line ( E  = 1): 300 cm/cm to 3000 cm/cm. 

2 nsec). 

can be observed. 

Signal channel 

50 ohms). 

the SIGNAL OUT connector. 

Step generator 

cuit). 

Distance time scale 

HP Part No. 
1250-0239 
1250-0240 
1250-0067 

Time domain reflectometer accessories 
Risetime converters Calibrated susceptance 

T h e  Model 10452A through 10456A Risetime Converters 
slow down the step from the Model 1415A in order to  eliminate 
reflections caused by frequencies beyond the bandwidth of 
interest 

Rise times: (10.90% points as measured in 150 psec rise-time 

T h e  Model 874A Calibrated Susceptance is a T D R  compari- 
son standard for  making slmple, rapid, and  direct-reading 
evaluations of reactive discontinuities 

Specifications Specifications 
Characteristic impedance: 50 ohms *O 1 ohm 

system ) 10452A, 0 5 nsec, 10453A, 1 nsec, 10454A, 2 nsec, Capacitance range: to p~ 
10455A, 5 nsec, 10456A, 10 nsec 

Inductance range: 0 to 2 nh Rise time accuracy: better than * 5 %  
Overshoot: less than + 3 %  Accuracy: capacitance 
Output impedance (dc): 50 ohms (accuracy determined by output 

impedance of generator). 
Output mismatch: less than *5R reflection to output rise time 
Allowable input voltage: up to 50 iol ts ,  open circuit (from a 

Connectors: GR Tipe  874 
Price: H P  Nodels 10452A through 10456A. 375 each 

t o  005 pF or * 5 % .  irhicheier i s  greater. 
k0.013 nh or = 5 % ,  nhicheier from 0 to 0 5 pF, inductance 

is greater, from 0 to 1 3 nh 
~i~~ length: 17,4 cm, 
Connectors: GR type 874 
Price: H P  biodel 874A (GR 874 connectors), $275, S74B (APC-7 

50-ohm source) 

connectors), $ 3 2 5  

75-ohm adapters 
T h e  75-0hm adapters convert the Model 1415~4 50-ohm GR 

output connector to 75-0hm systems C R T  overlays for  taking 
direct impedance readings are  included 

Model 10457A: conlerts Io-ohm GR connector to 75-ohm Tjpe N ,  

Model 10458A: conierts 50-ohm GR connector to 75-ohm Tlpe  F 
price, S35 

(CATV),  price, $ 2 5  10457A 10458A 
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Features: 
5 mV/cm, 25  MHz, 8 cm of vertical display 
Fully programmable 
Pushbutton convenience 
No dc drift 
Calibrated positioning 
Speed up production testing 
Simplify test procedures 
Reduce test time per unit 
Minimize operator errors 
Reduce personnel training time 

The HP Model 1 5  5A Pushbutton Programmable Oscillo- 
scope embodies all of the advanced features of a high-sensi- 
tivity, high-frequency ( 5  mV/cm, 2 5  MHz)  instrument as 
well as pushbutton programmability for all of the major 
scope control functions. 

No dc drift 
The unique dc stabilizer in the Model 155A eliminates 

the troublesome dc drift and shift normally encountered in 
conventional dc-coupled amplifiers. This feature ensures that 
the baseline will stay in place indefinitely, thus eliminating 
errors caused by baseline shift with changes in sensitivity 
settings, and allows reference levels to be maintained. The 
trace can be recalled to the same position at any time, which 
is a time-saving feature when repetitive production units re- 

PROGRAMMABLE OSCILLOSCOPE 
Production line speed; laboratory performance 
Model 155A 

Calibrated posit ion ing 
Due to the elimination of dc drift, calibrated vertical posi- 

tioning is made possible with a high degree of stability and 
accuracy. Zero reference can be accurately positioned and 
maintained over a full 50 cm dynamic range. This assures 
that even off -screen reference levels can be positioned with 
confidence, Small signals riding on relatively large dc levels 
can be easily and precisely observed, maintaining dc coupling 
throughout the measurement. Pulse characteristic measure- 
ments are convenient and accurate. With calibrated offset, 
dc voltage measurements, normally requiring a voltmeter, 
can be quickly made with the added convenience of ripple 
and transient display. The trace can be positioned manually 
or by programming to + 5  cm around the center screen posi- 
tion in 1 cm increments and to 1 2 5  cm in 5 cm steps. An 
illuminated scale indicates the offset selected for accurate 
reference. A vernier on the front panel allows continuous 
adjustment between steps. 

Versatile sweeps 
Eighteen calibrated sweep settings from 100 nsec/cm to 

50 msec/cm can be pushbuttton selected. The front panel 
“X5” magnifier extends the sweep to 20 nsec/cm. Also pro- 
vided is a manual “+ 10” control which provides slow sweep 
times to 0.5 sec/cm. 

Pushbutton convenience 
Measurements are easier and faster with pushbutton selec- 

tion of sensitivity and sweep. Ranges can be selected directly 
without switching through several positions and the selected 

quire identical measurements from test to test. range pushbutton is illuminated fo; a positive indication 
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All controls on the Model 1 j j A  are readily accessible and 
logically arranged for convenient operation. The frequently 
used position, trigger, sensitivity, and sweep controls are 
located on the front panel. All other necessary controls are 
available behind the front panel access door, Indicator lights 
display sensitivity calibration, trigger mode, and sweep mag- 
nifier settings. 

The rear panel provides an additional vertical signal input 
connector, intensity modulation terminals and connectors for 
remote programming, signal output, sweep output, and stabi- 
lizer timing output. 

Program ma bi I ity 
All major functions of the oscilloscope can be programmed 

with the H P  Model 1550A Programmer, or by other ex- 
ternal contact-closure-to-ground programmers. These func- 
tions include: vertical position, vertical sensitivity, vertical 
input coupling, sweep times,trigger source, and trigger slope. 
All programmable functions can be manually overridden 
individually at any time. The Model 1 5  5A Oscilloscope may 
be ordered without programming circuitry as Option 01. 
Should programmability be desired at a later date, plug-in 
circuit boards and required cabling are available to provide 
this capability. 

Bright, 8 x 10 cm display 
The Model 155A utilizes a 7.5 kv post accelerator alumni- 

nized CRT. The CRT provides a full 8 x 10 cm display for 
easy, error-free observation. The high accelerating potential, 
combined with aluminizing produces a sharp bright display 
for convenient observation even at considerable distances. 
For added accuracy, the CRT incorporates an internal grati- 
cule for parallax-free viewing. 

Modular cabinet 
The Model 1 5  > A  is enclosed in a versatile modular cabinet 

design which permits quick conversion from bench to rack 
mounting and convenient accessibility to all components. 

Specifications 
Time base 

Range: 0.1 psec/cm to 50 msec/cm, 18 ranges in a 1, 2,  
5 sequence; accuracy t 3%, typically i 1 % ; vernier 
provides continuous adjustment between steps and ex- 
tends 50 msec/cm step to at least 0.125 sec/cm. 

Magnifier: X5 sweep expansion may be used on all ranges, 
and expands the fastest sweep to 20 nsec/cm; accuracy 
i 5 7i, typically t 3 % . 

Slow sweeps: slows all decade steps of 10, 20, 50 msec/cm 
speeds to 0.1, 0.2, 0.5 sec/cm respectively; accuracy 
i 5 %, typically I+ 3 $4. 

Automatic triggering: (baseline displayed in the absence of 
an input signal.) 
Internal: 40 Hz to greater than 25 MHz for signals 

causing 0.5 cm or more vertical deflection on 50 mV/ 
cm to 20 V/cm steps, and for signals causing 2.0 cm 
or more vertical deflection on 5 mV/cm to 20 mV/cm 
steps; also from line voltage. 

External: 40 Hz to greater than 25 MHz for signals 
from 0.5 to 10 volts peak-to-peak; input RC, 100 k 
ohms shunted by approximately 20 pF. 

Trigger slope: positive or negative slope of external sync 
signal or internal vertical deflection signal. 

Amplitude selection triggering: 
Internal: same as automatic internal, except lower cutoff 

frequency extends to 10 Hz. 
External: same as automatic external, except lower cutoff 

frequency extends to 10 Hz. 
Trigger point and slope: from any point on the vertical 

waveform presented on crt or continuously variable 
from -3 to + 5  volts on either positive or negative 
slope of external sync signal. 

Single sweep: front panel switch and pushbutton-indi- 
cator permit single sweep operation. 

Sweep output: approximately 30 V sawtooth (-2 to 

$ 2 8  V ) ;  minimum load RC, 2 0  k ohms shunted 
by 150 pF. 

Vertical amplifier 
Bandwidth: (8 cm reference signal at 1 MHz from a 25-  

ohm source) dc coupled, dc to greater than 25  MHz at 
3 dB down; ac coupled, 2 Hz to greater than 2 5  iMHz 
at 3 dB down. 

Deflection factor (sensitivity): 5 mV/cm to 20 V/cm, 1 2  
ranges in a 1, 2,  5 sequence; accuracy 2 2 % ;  vernier 
provides continuous adjustment between steps and ex- 
tends 20 V/cm step to at least 50 V/cm. 

Maximum input: 400 V peak (dc + ac).  
Input RC: 1 megohm shunted by approximately 50 pF, 

constant on all ranges. 
Rise time: (with a 25-ohm source having a rise time less 

than 3 nsec) less than 1 5  nsec at 8 cm reference signal; 
less than 20 nsec at 25 cm reference signal. 

Position: baseline may be offset k 2 5  cm from center screen 
in 1 cm steps from 0 to 5 cm, and 5 cm steps from 5 to 
25  cm; accuracy of steps is i 2 %  when amplifier gain 
is calibrated; vernier provides i 2  cm adjustment about 
setting of step offset. 

DC stability: zero setting dc stabilization maintains a zero 
offset baseline within t0.1 cm of center screen over 
entire deflection factor range (after approximately 3- 
minute warmup) ; zero setting occurs approximately 3 
times per second. 

Signal delay: signal is delayed so that leading edge of fast 
rise signals is visible at start of sweep. 

Rear input: rear panel BNC connector is selected by front 
panel switch; input RC, 1 megohm shunted by approxi- 
mately 80 pF; bandwidth, greater than 20 MHz; rise 
time, less than 18 nsec at 8 cm reference signal. 

Rear output: rear panel BNC connector provides low- 
impedance, dc-coupled vertical signal output for an 
on-screen display; signal is dc stabilized and contains 
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5 msec switching transients a t  approximately 3 Hz ,  with 
stabilizer operating; with output terminated into 50 
ohms:  d c  level is approximately -1.7 V at  center 
screen; ou tput  amplitude is approximately 170  m V /  
cm; dynamic range is greater than crt  graticule display; 
bandwidth is approximately 25 MHz. 

Stabilizer timing output: &volt pulse (-6 V to 0 V )  5 
msec wide, occurs dur ing  stabilization; minimum load 
resistance is 20 k ohms. 

Remote progra m m i ng 
Programming is accomplished by contact closures to an  

isolated common line; control lines are  a t  -12 volts 
and closure current is approximately 20 m A ;  pro- 
grammable functions are as follows: 

Deflection factor (sensitivity): 5 m V / c m  to 20  V/cm,  12  
ranges in  a 1, 2, 5 sequence; seven control lines, two 
used per  range. 

Vertical: 

input coupling: ac or dc; one  control line. 
Vertical positioning: k1 to 5, *lo, k 1 5 ,  t 2 0 ,  t 2 5  

cm and zero; 1 2  control lines, two used per range. 

Range: 0.1 psec/cm to 50 msec/cm, 18 ranges in a 1, 2, 
5 sequence; n ine  control lines, two used per range. 

Trigger source: internal, external, or l ine frequency; 
three control lines. 

Trigger slope: positive o r  negative; two control lines. 
Program inputs: control lines available at rear panel con- 

nector with power fo r  Programmer ( M o d e l  1 5 5 0 A )  
operation. 

Manual operation: when oscilloscope is remotely pro-  
grammed,  manual  function selection is accomplished 
by selecting the desired range; programming is restored 
by selecting a new program o r  resetting the  previous 
program. 

Time base: 

General 
Calibrator: l ine  frequency square wave, 1 volt peak-to-peak, 

provided through jack on  front  panel;  accuracy is 
( + 1 5  to  +35OC) ,  and t 3 %  ( 0  to  55OC);  r iset ime,  
0 .5  p e c  o r  less. 

Cathode ray tube: post-accelerator, 7500-volt accelerating 
potential; aluminized P 2  phosphor  (other  phosphors 
available, see modifications) ; etched safety glass face 
plate reduces glare. 

Graticule: 8 cm x 10 cm parallax-free internal graticule 
marked in cm squares; major  horizontal and  vertical 
axes have 2 m m  subdivisions. 

Intensity modulation: approximately + 20  volt pulse will 
blank trace of normal  intensity; input  terminals o n  rear 
panel;  dc  coupled; input  resistance approximately 22 k 
ohms;  rise t ime less than 60  nsec. 

Dimensions: 16%'' wide, 9'' high, 183/" deep overall 
( 4 2 6  x 229  x 4 6 6  m m ) ;  hardware furnished fo r  quick 
conversion to 8%" x 19" (222  x 483  m m )  rack mount .  

Weight: net, 45 lbs ( 2 0  k g ) ;  shipping, 55 lbs (24 ,8  k g ) .  
Power: 115 or 230 volts t l O $ & ,  50 to 60  Hz ;  approxi- 

Price: HP Model  155A,  $2450. 
Modifications: CRT phosphors (specify by phosphor  num-  

be r ) ;  P 2  standard; P7, P11, P31  available, n o  charge. 
Special order: chassis slides and  adapter kit; fixed slides, 

order HP part  No. 1490-0714, $32.50; pivot slides, 
order H P  part  No. 1490-0719, $37 .50;  sl ide adapter 
kit  f o r  mount ing  slides on  scope, order  HP part  No. 
1490-0721, $20. 

01. Without  programming capability, $21 50. 
09.  W i t h  horizontal input  in place of sweep output ;  

deflection factor, 200 mV/cm to 2 V/cm;  band- 
width,  approximately 500 kHz ;  add  $150. 

mately 200 W. 

Options: (specify by option number)  

Versatile Programming with the Model 1550A 
The H P  Model 155A Programmable Oscilloscope and Model 

15 SOA Programmer combination is especially useful in all test- 
ing applications where repetitive measurements must be made. 
Electronic components and circuit assemblies, as well as end 
items, can be rapidly tested with a programmed Model 155A. 
Production test procedures are greatly simplified and testing 
time can be significantly reduced since the oscilloscope is preset 
and the operator need only push one program button and im- 
mediately observe the desired waveform. Repeated adjustments 
of sensitivity, sweep, etc. are eliminated. Because the procedure 
is so simple, operator errors and training time are minimized. 
Because testing can be done faster, fewer test stations and test 
technicians are required. Not  only is the cost per test reduced, 
but also, oscilloscope control switch maintenance and down- 
time are significantly decreased. Because of driftless operation 
and calibrated positioning, the Model 155A can be used as an 
accurate dc voltmeter, thereby offering the possibility of reduc- 
ing capital equipment expenditures. DC measurement accuracy 
is typically within F 2 7 &  of reading and always within &47&. 
The illuminated position, sensitivity and sweep indicators pro- 
vide quick, easy-to-read verification of the oscilloscope operating 
modes. T o  provide testing flexibility, all controls can be operated 
manually, even when the oscilloscope is programmed. Pro- 
grammed functions are automatically overridden. Programming 
is re-established by simply pressing the desired program button. 

The speed of complex, automatic checkout systems is no 
longer limited by the time required to adjust an oscilloscope. 
Because the Model 155A will not normally have to be adjusted 
during the test, the operator simply presses one button to obtain 

the required test waveform. Bright trace display with no paral-  
lax and illuminated function controls permit oscilloscope read- 
ings at considerable distances, thereby allowing the system op- 
erator to remain at his control console, monitoring the progress 
of the entire test. 

A wide variety of programmers, such as punched or magnetic 
tape, cards, etc., can also be used to directly program the 
oscilloscope. If conventional programmers are used alone to 
directly control the scope, nine contact closures are required to 
fully activate a program. The Model 1550A, however, uses only 
one contact closure to select a complete program. The reduction 
in contact closures is accomplished by the use of a diode pro- 
gramming board. 
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OSCILLOSCOPE PROGRAMMER 
One pushbutton selects an entire program 

Model 1550A 

Features 
Programs selectable in any sequence 
Fast, easy program set-up 
Single contact closure selects complete prpgiam 
May be cascaded to obtain an unlimited number of 

The  HP Model 1550A Programmer provides a convenient 
means of presetting test programs for routine repetitive mea- 
surements. Insertion of diodes in the program board accom- 
plishes a closure to ground when the selected program relay is 
activated. A complete series of programs can be set up in 
minutes by inserting the convenient, easy-to-use diode pro- 
gramming pins into the program board, using the instructions 
printed directly on the program board. 

T h e  Model 1 5  50A Programmer has been specifically designed 
for use with the Model 155A Oscilloscope and  provides a con- 
venient method for presetting the desired test programs. Each 
Model 1550A Programmer permits selection of up  to eighteen 
programs. Should a greater number be required, the pro- 
grammers can be cascaded to provide an  unlimited number of 
programs. Illuminated program selection pushbuttons indicate 
the program in progress. 

T h e  Model l5SOA Programmer is not limited to use with the 
Model 1 5 5 A . B ~  supplying the correct voltages to the Model 

programs 

1550A, it may be used to program things other than the Model 
155A, such as programmable oscillators, power supplies, etc. 
The  versatility of the Model l550A makes it an ideal instru- 
ment for systems use. 

The  Model 1550A can be used alone to program the oscillo- 
scope or, alternately, can be used as a buffer in a more complex 
test system. W h e n  the Model 155014 is used as a buffer, the 
main system programmer need supply only one closure to 
ground to select a complete program. 

Specificat ions 
Programmer provides the means for programming vertical sensi- 

tivity, vertical positioning, T ertical input coupling, sweep time, 
trigger source, and trigger slope in the Model 155A Programmable 
Oscilloscope, plus an auxiliary single line function. 
Program storage: up to 18 different programs may be stored; an 

additional output connector for the control lines is provided on 
the rear panel to permit the cascading of programmers if addi- 
tional program storage is desired. 

Program selection: a front panel switch permits selection of three 
operating modes: manual, remote, and off. 

Manual programming: preset programs are selected in any order 
by illuminated pushbuttons on the Programmer front panel. 

Remote programming: programs may be selected externally by 
making a single contact closure to ground; program control lines 
are available at a connector on the rear panel; externally selected 
programs are identified by the illuminated readout on the front 
panel; external switching must provide break-before-make contact 
closures; external contacts must switch a maximum of 300 mA. 

Off: the programmer can be disabled when manual-only operation of 
the oscilloscope is desired regardless of Programmer switching. 

Programming pins: programs are preselected by inserting diode 
pins in a 1 5 ”  x 10” program board; extra diode pins are included 
for one auxiliary function per program. 

Power requirements: power required by the Model 1550A is sup- 
plied by the Model 155A Oscilloscope. 

Dimensions: 16%“ wide, 3-15/32” high, 18%’’ deep overall (426 x 
88 x 467 mm) ; hardware furnished for quick conversion to 3 % “  x 
19” (86 x 483 mm) rack mount. 

Weight: net 6 lbs (2,7 kg) ; shipping 1 2  Ibs (5,4 kg) . 
Accessories furnished: Model 10129A Interconnecting Cable to 

Model l55A Oscilloscope, 3 f t .  long; mating connector for remote 
programming connector. 

Price: H P  Model 1550A, $600. 
Accessories available: Model 101 30A Interconnecting Cable to 

Model 155.4 Oscilloscope, 10 f t .  long, $80 ;  special length inter- 
connecting cables are available upon request. 

Special order: chassis slides and adapter kit; fixed slides, order HP 
part No. 1490-0714, $32.50; pivot slides, order HP part No. 1490- 
0719, $37.50; slide adapter kit for mounting slides on scope, order 
HP part No. 1490-0722, $15. 
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Features 
The H P  Model 175A Oscilloscope is an accurate general- 

purpose test instrument that provides a t  least 50 M H z  of 
bandwidth for a wide variety of measurements. I t  has both 
horizontal and vertical plug-in capability, allowing the user 
to choose the exact features he desires. Circuitry has been sim- 
plified, making it easier to adjust and maintain. In  addition, 
extra features such as the improved triggering, variable hold-off 
triggering, logically arranged controls and convenient beam 
finder make the oscilloscope easier to use. 

Horizontal and Vertical Plug-ins 
The Model 175A accepts not only a wide line of vertical 

plug-ins, but also a series of horizontal time axis plug-ins which 
greatly extend its versatility. Such features as sweep delay, 
0.5 % time measurements, x-y recorder driving, or pushbutton 
recordings may be added when needed, allowing one instru- 
ment to be used for several widely differing measurements. 
Four vertical and four horizontal plug-ins are available. In 
different combinations they adapt the Model 175A to almost 
any test application. 

Time base 
Specifications 

Range: 0.1 psec/cm to 5 sec/cm, 24 ranges in a 1, 2, 5 se- 
quence; accuracy 2 3 % ;  vernier provides continuous ad-  
justment between steps and extends the 5 sec/cm step to 
a t  least 1 2 . 5  sec/cm. 

Magnifier: X 1  and X10;  overall sweep accuracy within & 5 %  
in X10.  

Triggering: internal, ac coupled; power line; external, ac or 
dc coupled. 

Triggering sensitivity 
Internal: approximately 2 mm vertical deflection at  1 MHz, 

2 cm at  50 MHz. 
External: approximately 0.25 V peak to peak at  1 MHz, 

0.5 V peak to peak at  50 MHz.  

Triggering point: controls allow selection of slope and level; 
external level adjustable from - 5 V to + 5 V. 

Horizontal amplifier 
Bandwidth: dc coupled, dc to 500 kHz;  ac coupled, approx- 

imately 2 Hz  to 500 kHz. 
Deflection factor (sensitivity) : 0.1 V/cm and 1 V/cm; ac- 

curacy 2 5 % ;  vernier provides continuous adjustment be- 
tween steps and extends 1 V/cm step to a t  least 10 V/cm. 

Input R C  1 megohm shunted by approximately 30 pF.  

Rise time: less than 7 nsec. 

Calibrator: 1 kHz square wave, approximately 3 psec rise 
time; 1 V and 10 V peak to peak; accuracy 2 1 %  at  15°C 
to 35°C. 

Cathode ray tube: post accelerator, 12 k V  accelerating po- 
tential; P 3 l  aluminized phosphor (others available, see 
modifications) ; etched safety glass face plate reduces glare. 

Graticule: 6 x 10 cm parallax-free internal graticule marked 
in cm squares; major horizontal and vertical axes have 2 
m m  subdivisions. 

Beam finder: pressing beam finder control brings trace on 
crt screen, regardless of setting of horizontal and vertical 
position controls or intensity controls. 

Intensity modulation: +20 V pulse will blank trace of nor- 
mal intensity; Bh’C connector on rear panel. 

Dimensions: 16%” wide, 1 2 % ”  high, 24?/s“ deep overall 
(425 x 311 x 593 m m ) ;  hardware furnished for quick 
conversion to 1295’’ x 19” rack mount, 22’’ deep behind 
panel (311 x 483 x 559 m m ) .  

Vertical amplifier 

General 

Weight: net, 64 Ibs (29 k g ) ;  shipping, 88 Ibs (39,5 k g ) .  
Power: 115 or 230 volts &IO%, 50 to 60 Hz, approximately 

Accessories furnished: two 10: 1 voltage divider probes; de- 
425 watts (depends on plug-ins). 

tachable power cord. 
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VERTICAL AMPLIFIERS 
Dual channel; high gain differential 

Models 1750B, 1752A 

Specifications, Model 175A (continued) 
Price: H P  Model l75A, $1325 (without plug-ins, 2 required). 
Modifications: C R T  phosphors (specify by phosphor num- 

ber ) ;  P31 standard, P2, P7 with amber filter, P11 avail- 
able, no charge. 

Chassis slides and adapter kit; fixed slides, order H P  Part 
no, 1490-0714, $32.50; pivot slides, order H P  part no. 
1490-0720, $37.50; slide adapter kit for mounting slides 
on scope, order H P  part no. 1490-0721, $20. 
50 to 440 Hz frequency, 115 V or 230 V +lo% line pow- 
er, order H12-175A; price $1375; line filter and modifica- 
tion to meet RFI spec MIL-I-16910A; order H20-175A; 
price $1400. 

05. external graticule C R T  with P31 phosphor (P2, P7, 
P I 1  available, please specify) in lieu of standard in- 
ternal graticule, add $25; includes edge-lighting of 
external graticule. 

Special order: 

Options: (specify by option number) .  

08. gate and sawtooth outputs, add $25. 

Model 1750B Dual Trace Vertical Amplifier 
Dual  50 MHz channels with simplified triggering at low 

cost. The 1750B Dua l  Trace Amplifier permits the user of the 
175A Oscilloscope to compare directly two electrical signals 
with ease and accuracy. Its two independent vertical ampli- 
fiers, each with a bandwidth of more than 50 MHz and a 
maximum sensitivity of 50 mV/cm, can be used either inde- 
pendently or together in five different modes of operation to 
provide a wide variety of measurements. 

For convenience in dual-channel measurements, the Channel 
B signal can be connected to the Model 175A external trigger 
input through the use of a trigger amplifier. This feature avoids 
resorting to an external triggering arrangement for either mode 
of dual trace presentation. 

Modes of operation 
Specifications, Model 1750B 

Single channel: channel A or B. 
Dual channel: channels A and B displayed on alternate 

sweeps; channels A and B displayed by switching at 200 
kHz rate, trace blanked during switching. 

A + B channels A and B added algebraically (single dis- 
play 1. 

Vertical amplifier (each channel) 
Bandwidth: dc to at  least 50 MHz;  ac coupled, approxi- 

ranges in a 1, 2, 5 sequence; accuracy i :3%; vernier pro- 
vides continuous adjustment between steps and extends 20 
V/cm step to at least 50 V/cm. 

Maximum input: 600 V dc (ac-coupled input) .  
Input RC: 1 megohm shunted by 23 pF. 
Rise time: less than 7 nsec. 
Polarity presentation: + or - up, selectable. 
Differential input: bandwidth and sensitivity unchanged; 

common mode rejection at least 30 dB at  0.05 VJcm. 
B trigger output: B channel signal, amplified, 5 Hz and 2.5 

MHz bandwidth, available on front panel. 
General 

Weight: net 4 lbs (1,8 k g ) ;  shipping 8 lbs (3,6 k g ) .  
Accessories furnished: one Model 10121A coaxial cable. 
Price: H P  Model 1750B, $325. 

Model 1752A High-gain Vertical Amplifier 
5 mV/cm sensitivity with differential input. The Model 

1752A High-Gain Vertical Amplifier enhances the versatility 
of the Model 175A Oscilloscope by increasing its sensitivity to 5 
mV/cm. The rise time of the Model 175AJ1752A combination 
is less than 20 nsec; this improves to approximately 16 nsec 
on the less sensitive ranges. 

Differential input with at  least 40 dB common mode rejec- 
tion is included for the ranges 5 mV/cm through 50 mV/cm. 
Isolation between the two input points is at  least 80 dB. Sub- 
stantial feedback in the transistor amplifier stage provides un- 
usually high stability characteristics for a high gain amplifier. 

Vertica I amplifier: 
Specifications, Model 1752A 

Bandwidth: dc coupled, 50 mVJcm and above, dc to 2 2  
MHz; 20 mV/cm to 5 mV/cm, dc to 18 MHz;  ac coupled 
same as dc coupled except down 3 dB at 2 Hz. 

Deflection factor (sensitivity): 5 mV/cm to 20 VJcm, 
12 ranges in a 1, 2, 5 sequence; accuracy 3 ~ 3 % ;  vernier 
provides continuous adjustment between steps and ex- 
tends 20 V/cm step to at least 50 VJcm. 

Input connection: separate BNC connectors, selectable ac 
or dc coupling for each; at least 80 dB isolation between 
inputs; differential input on 5 mVJcm ranges with com- 
mon mode rejection of at least 40 dB; maximum common 
mode signal 4 V peak to peak. 

Maximum input: 600 V dc (ac-coupled input) 
Input R C  1 megohm shunted by 35 pF. 

General - _  
mately 2 Hz to 50 MHz. Weight: net 4 Ibs (1,8 k g ) ;  shipping 8 Ibs (3,6 k g ) .  

Price: H P  Model 1752A, $225. )eflection factor (sensitivity): 0.05 V/cm to 20 V/cm, 9 

1750 B 1752A 
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10 mV/cm to 5 V/cm (sens mode X1) 
5 mV/cm (sens mode X1) 
1 mV/cm (sens mode X51 

4 & 2 CHANNEL AMPLIFIERS 
4 or 2 trace display, 2 40 MHz bandwidth 
Models 1754A, 1755A 

-. J 
dc to 50 MHz (8.5 nsec) 
dc to 40 MHz (9 nsec) 
dc to 20 MHz (17 nsecl 

Model 1754A Four channel amplifier 
The Model 17544 provides four 40 MHz channels for 

logic circuit testing. Trace identifiers and selectable trigger- 
ing from any channel add to convenience of operation. 

Specifications, Model 1754A 
Modes of operation 

Single channel: any channel (A, B, C, or D) separately: 
Multi-channel: any combination of channels (2, 3, or 4 displays) 

on alternate sweeps, or chopped at 1 MHz rate, trace blanked 
during switching. 

tinuous adjustment between steps and extends 20 V/cm step 
to at least 50 V/cm. 

Input connection: separate BNC connectors, selectable ac or dc 
coupling for each. 

Maximum input: 600 V dc (ac-coupled input), 
Input RC: 1 megohm shunted by 2 2  pF. 
Rise time: less than 9 nsec. 
Polarity presentation: + or - up, selectable. 
Trigger output: single output connector selectable for A, B, C, 

or D channel input signal, amplifier bandwidth 10 Hz to 8 
MHz in alternate mode. 

Vertical amplifier (each channel) General 
Weight: net, 5 Ibs (2,3 kg ) ;  shipping, 9 Ibs ( 4 , l  kg) .  
Accessories furnished: one Model 10121A Coaxial Cable. 

Price: H P  Model 1754A, $595. 

Bandwidth: dc-coupled, dc to 40 MHz; ac-coupled 2 HZ to 40 
MHz. 

Deflection factor (sensitivity): 0.05 V/cm to 20 V/cm, 9 ranges 
in a 1, 2, 5 sequence; accuracy * 3 % ;  vernier provides con- 

1754A 1755A 

Model 1755A Dual trace amplifier 
The Model 1755A Dual Trace Amplifier is a versatile two- 

channel plug-in for measuring both low-level and high- 
frequency signals. Dual trace displays of transistor circuitry 
waveforms only a few millivolts in amplitude can easily be 
observed at frequencies up to 20 MHz with 1 mV/cm 
sensitivity, or with 10 mV/cm sensitivity at 50 MHz. 500 
&'cm sensitivity at 20 MHz can be obtained by applying the 
same signal to both channels and using the A + B mode, 
where the Model 1755A combines the signal algebraically. 

Time differences between two signals in dual trace displays 
can easily be measured by use of the trigger amplifier fea- 
ture. Since the Model 175A is triggered by Channel B alone 
when the trigger amplifier is connected to the Model 175A 
external sync input, the time relationship between alternate 
dual trace sweeps is preserved. Also, syncing on the signal 
itself rather than on the switching signal in the chopped 
mode is assured. 

Specifications, Model 1755A 
Modes of operation 

Single channel: channel A or B. 
Dual channel: channels A and B displayed on alternate sweeps; 

channels A and B displayed by switching at 200 kHz rate, 
blanked during switching. 

A + B channels A and B added algebraically (single display). 

Vertical amplifier (each channel) 

I Sensiiivltv I Bandwidth 1 
Bandwidth and rise time: 

Bandwidth, lower limit: ac coupled, XI and X5, 2 Hz; X5ac, 

Deflection factor (sensitivity): 
4 Hz. 

X1 mode: 0.005 V/cm to 5 V/cm, 10 ranges in a 1, 2, 5 
sequence; accuracy t 3%; vernier provides continuous ad- 
justment between steps and extends 5 V/cm step to at least 
12.5 V,/cm. 

X5 mode: increases maximum sensitivity to 1 mV/cm: ac- 
curacy f 5 % .  

X5 ac: mode: provides internal ac coupling to eliminate drift; 
sensitivity and accuracy same as X5 mode. 

Maximum input: 600 V dc (ac-coupled input). 
Input RC: 1 megohm shunted by 2 2  pF 
Polarity presentation: or - UP, selectable. 
Differential input: common mode rejection at least 20:1, dc to 

50 kHz with verniers in Cal; common mode rejection may be 
increased to  greater than 100: 1 by adjusting verniers: maxi- 
mum common mode signal 10 cm display on all sensitivity 
ranges. 

B trigger output: B channel signal amplified, 5 Hz to  5 MHz 
bandwidth; available on front panel. 

General 
Weight: net, 5 Ibs (2,3 kg) ; shipping, 9 Ibs (4,l  kg) . 
Accessories furnished: one Model 10121A Coaxial Cable. 
Price: H P  Model 1755A, $575. 
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AUXILIARY & SWEEP DELAY 
Versatile sweep selection with variable delay 

Models 1780A, 1781B 

Model 1780A auxiliary plug-in Specifications, Model 1780A 
The Model 1780A Auxiliary Unit allows the Model 175A 

Oscilloscope to perform all the functions of a standard instru- 
ment at  minimum cost. Using this plug-in, the full range of 
the oscilloscope’s internal sweeps are available for repetitive 
sweep operation, and in addition single sweep operation, with 
either internal arming or arming by an external signal. 

Sweep occurrence: normal or single. 
Sweep arming: internal or by external pulse, 1 to 2 0 0  psec, 

+ 15 to 25 V peak. 
Input connector: BNC. 
Weight: net, 2 Ibs (0,9 k g ) ;  shipping, 5 lbs (2,3 k g ) .  
Price: H P  Model 1780A, $25. 

.- 

Model 1781B sweep delay generator 
The  Model 1781B extends the use of the Model 175A Oscillo- 

scope to exact time delay measurement between reference signal 
and the point of interest on a complex signal or train of pulses; 
pulse-to-pulse interval measurement on a pulse train; time- 
jitter measurement; and, with M I X E D  SWEEP, simultaneous 
slow and fast-sweep signal display. 

Sweep and delay functions 
Main sweep: this function “locks out” the Model 1781B Delay 

Generator, allowing the Model 175A to perform as a normal 
oscilloscope. 

Delaying sweep: provides fast setup by intensity modulating 
those pulses to be displayed in Main Delayed Sweep position. 

Main delayed sweep: two modes of operation are provided. 
( 1 )  The start of the scope trace is delayed from the refer- 
ence signal by an amount determined by the settings of the 
front-panel delay controls; thus, time jitter between the 
reference signal and the observed signal can be magnified 
using a fast main sweep. ( 2 )  The Model 175A sweep gen- 
erator may be armed, but not triggered, at the end of the 
selected delay interval. The  next signal (the signal under 
observation) triggers the Model 175A sweep. The resulting 
trace is steady and free from jitter even when jitter is present 
in the signal being observed. Thus accurate measurements 
of pulse-to-pulse spacing may be made easily. 

Mixed sweep: in this function the display is presented using 
two separate sweep speeds, the slower speed determined by 
the sweep in the, Model 1781B plug-in and the faster speed 
by the sweep generator in the Model 175A Oscilloscope. The 
point in time at which the sweep converts from slow sweep 
to fast sweep is determined by the delay settings on the 
Model 1781B. In this function it is possible to view simul- 
taneously the character of a pulse train and also “peel off” 
and expand individual pulses for minute inspection at the 
end of the train. 

Main single sweep: a switch on the Model 1781B allows single 
sweep operation of the Model 175A sweep generator for 

displaying transient and other single-shot phenomena. The 
sweep may be armed either manually with a push button or 
electrically. A sweep armed light indicates when the sweep 
is ready to be triggered. 

Specifications, Model 1781 B 
Delay: 

Time: 0.5 psec to 10 sec delay; delay time is product of delay 
sweep setting in sec/cm and delay length settings in cm. 

Sweep: 2 psec/cm to 1 sec/cm; 18 ranges in a 1, 2, 5 se- 
quence. 

Length: 0 to 10 cm (the physical location, in cm from the 
beginning of the trace, to the point where the main sweep 
is triggered). 

Accuracy: k l % ,  2 psec to 0.1 sec/cm ranges; t3%, 0.2, 
0.5, 1 sec ranges; k 0 . 2 %  linearity. 

Function: trigger main sweep; arm main sweep. 
Jitter: t 0 . 0 0 2 %  maximum delay on each range ( 1  part in 

50,000). 
Triggering: 

Internal: ac coupled ( 2  mm or more vertical display) ; pow- 

External: ac or dc coupled (0.3 V peak-to-peak minimum).  
Point: level and slope selectable; external sync level adjust- 

er line. 

able - 5 to + 5 volts. 

Main: main sweep only. 
Delaying: brightened segment of trace indicates time rela- 

tionship between delaying sweep display and main sweep 
display. 

Sweep selection 

Main delayed: main sweep delayed as indicated. 
Mixed: main and delayed sweeps. 
Single: single sweep of main. 

Delayed trigger: approximately + 10 volts. 

Weight: net, 4 Ibs (2,1 k g ) ;  shipping, 7 Ibs (3,2 k g ) .  
Price: H P  Model 1781B, $325. 

Trigger output: 

General: 
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1782A 1784A 

J 

Model 1782A display scanner 
Record or digitize CRT displays - used with a n  x-y recorder, 

the Model 1782A Display Scanner permits permanent record- 
ings of the waveform displayed on the scope CRT. These high- 
resolution recordings are not limited by the width or height of 
the CRT display, but  may be as large as the physical size and 
sensitivity of the recorder will allow. 

Specifications, 1782A 
Vertical output: approximately 200 mV/cm; gain and dc level are 

independently adjustable. 
Horizontal output: output level, adjustable to zero volts;  output 

amplitude, adjustable from 0 to + 15 volts. 
Bandwidth: at least 30 MHz when installed with a 40 MHz verti- 

cal plug-in amplifier. 
Scanning: manual, internal (with pen speed either stabilized or 

linear) or external, requires 0 to 1 5  V for full scan, maximum 
external scan rate, 1 kHz. 

Scanning time: internal, h e a r :  approximately 1 . 5  minutes; internal. 
with pen speed stabilized: approximately 20 seconds when dis- 
playing time base only. 

Oscilloscope sweep speed: from fastest sweep to 5 msecjcm; 
signal repetition rate greater than 20 Hz. 

Remote pen lift: lifts pen when switching from Record to Arm 
Recorder. 

Weight: net, 4 Ibs (1,s kg) ; shipping, 6 Ibs (2,7 kg) .  
Price: H P  Model 1782A, $425. 

Model 1784A strip chart recorder 
T h e  unique Model 1784A Recorder Plug-in provides an 

easy, inexpensive way to permanently record displays on the 
Model 175A Oscilloscope. Simply push a button, and the dis- 
played repetitive waveform is recorded on a strip chart, com- 
plete with graticule markings. 

Multiple traces can easily be recorded by rewinding the pa -  
per as many times as desired. By using the thumb wheel, the 
starting point of the traces can be made to coincide, thereby 
preserving time correlation. 

Specifications, 1784A 
Amplitude recording accuracy: duplicates CRT display within 

3% * l  mm, excluding bandwidth limitation. Bandwidth is dc 
to greater than 30 MHz when used with a vertical plug-in having 
40 MHz or greater bandwidth. 

Writing rate: waveforms with slopes of at least 50:1 can be recorded 
with a continuous line. 

Line width: approximately 0.25 nim at normal line intensity. 
Time recording accuracy: thumbwheel may be adjusted to pro- 

vide time correlation between CRT and recording within 2 1 mm. 
Linearity of recording within 3 % .  

Repetition rate: signal rep rates of 60 Hz or greater and sweep 
speeds of 1 ms/cm and faster are required. (Usable below these 
limits, but with progressively greater distortion in the form (if 

small steps on the plot.) 
Recording cycle time: approximately 30 seconds. 
Recording paper: H P  Recording Permapaper@; actual recording 

size 5 x 8% cm divided into 6 x 10 major divisions, correspond- 
ing to the Model 175A graticule markings; one 75-foot roll pro- 
vides approx. 125 recordings; for single rolls, order H P  Part No. 
9251-0083; price, $2. 
For pack of six rolls, order H P  Part No.  9281-0099; price, $10. 
For single roll of blue grid paper suitable for photographing, 
order H P  Part No. 9281-0380; price, $ 3 .  
For single rolls of translucent paper suitable for making Ozalid 
reproductions, order H P  Part N o .  9281-0304; price, $4.50. 

Weight: net, 9 lbs (4,l kg) ;  shipping, 16 lbs (7,2 kg).  
Accessories furnished: six rolls of H P  Recording Permapaper. 
Price: H P  Model 1784A, $875. 

Model 175A service accessories 
Vertical Test Adapter Plug-in Extenders 

T h e  hfodel 10404A Vertical Test T h e  Model  IOdOOB, 30-inch extension 
Adapter proxides a conienlent means o f  cable for Model 175A vertical plug-ins, 
applbing a known Loltage to the main price, $25  T h e  Model  10402A, 2 4  inch 
xertical amplifier of the Model 175A extension cable for Model  175A time 
for setting the gain,  price, $ 1 5  axis plug ins, price $35 

rate, price, $125 

Vertical 

6. 

Response Tester 

T h e  Model 10405AVertical Response 
Tester provides a fast step function for 
use in  establishing and  adjusting the 
"step" response of the main vertical 
amplifier in the Model 17SA. Th i s  
plug-in generates a positive or nega. 
tive 2 V adjustable pulse with a rise 
time less than 1 nsec, 250  pulse rep 

Alignment Attenuator 

T h e  Model 10403A Alignment At-  
tenuator may be used to check and 
adjust the input  capacity of the Verti- 

prox 2 2  p F  input impedance (IModels 
1754A and  1755A), adjustable for 
other vertical amplifiers, price, $ 3 5  

n cal  Amplifiers It is factory set for ap- 
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ACCESSORIES-PROBES 
Versatile Line of Probes For All Applications 

Current probe and amplifier 
With  the H P  Model 111OA and Model 1 l l l A  Current Probe 

and Amplifier you can observe fast-rise, ac current waveforms 
on any wideband oscilloscope. The Model 1l lOA Probe may 
be used by itself, giving a sensitivity of 1 mV/mA. The Model 
11 11A Amplifier increases the 11 10A Probe’s sensitivity and 
extends low frequency response. When used with a 50 mV/cm 
sensitivity oscilloscope, the Model 11 11A’s attenuator indicates 
directly in milliamperes per centimeter on the CRT , thus elimi- 
nating cumbersome conversion factors. 

Specifications, Model 11 10A 
Sensitivity: 1 mV/mA. 
Accuracy: + 3 % .  
Bandwidth: lower limit: 1700 Hz (850 Hz with Model lOlOOB 

100-ohm termination) ; upper limit: inversely proportional 
to capacitance of load: 4 p F  load, 45 MHz, 7 nsec rise time 
(e.g., Model 140A/1410A/1424A Sampling Oscilloscope) ; 
30 pF load: 35 MHz, 9 nsec rise time (e.g., Model 180A/ 
1801A/1820A Oscilloscope). 

Maximum dc current: 0.5 ampere. 
Maximum ac current: 1 5  amperes pk-pk above 4 kHz; decreas- 

ing below 4 kHz at the rate of 3.8 amps/kHz (30 amps pk-pk 
max. with Model lOlOOB IOO-ohm, termination). 

insertion impedance: approximately 0.01 ohm, shunted by 1 
P H ;  capacitance to ground is less than 3 pF. 

Accessory available: Model lOlOOB 100-ohm feed-through 
termination; decreases sensitivity to 0.5 mV/mA, lower cut- 
off to 850 Hz ;  increases maximum ac current to 30 amps 
pk-pk above 4 kHz; price, $17. 

Model 11 10A with Model 11 11A 
Sensitivity: 1 mA/cm to 50 mA/cm in X I ,  and 100 mA/cm 

to 5 amps/cm in XI00 (1, 2 ,  5 sequence) when used with 
an oscilloscope at 50 mV/cm sensitivity. 

Accuracy: 2 3 %  on 50 mA/cm sensitivity and below; k 4 %  
on 100 mA/cm sensitivity and above, (when Models 111OA 
and 11 11A are calibrated together). 

Bandwidth: 50 Hz to 20 MHz (18 nsec rise t ime) ,  
Noise: less than 100 pA pk-pk, referred to input. 
Maximum ac current: 50 amps pk-pk above 700 Hz decreasing 

below 700 Hz at the rate of 1.4 amps/20 Hz. 
Output impedance: 50 ohms. 

Dimensions: amplifier: 11h” high, 5%“ wide, 6” deep (38 x 
130 x 150 m m ) ;  probe: aperture, 5/32” ( 4  m m )  diameter; 
5 ft .  cable (1520 m m ) .  

Weight: Model l l l O A :  net l/r Ib (0,23 k g ) ;  shipping 1 Ib (0,45 
k g ) ;  Model 1111A: net 2 lbs (0,9 k g ) ;  shipping 3 Ibs (1,4 

Power: 115 or 230 volts & l o % ,  50 to 1000 Hz, approximately 

Price: H P  Model I l lOA, $100; H P  Model 1111A, $160. 

General 

k g ) .  

1 .5  watts. 

Voltage divider probes 

lOOOlA 

Rerir t -  Approx. 1 I Bandwidth (mea Capaci- accu- i n w t  length , 1 ance- 1 , I Div. I Peak I overall I A y r x .  1 

*These probes have black identification boots; the others have red boots 

The  high impedance input of these probes reduces loading of 
oscilloscopes on the circuit under test, and the probes provide 
attenuation for large signals. The probes may be quickly and 
accurately compensated for optimum step response; price, $30 
each. 

Voltage divider probe tips 

Q 10035A 

7 

lO0lOC 

The Model 10035A Probe Kit and the Model 100lOC B N C  
Tip provide maximum versatility when used with the voltage 
divider probe. The kit contains a pincer jaw, banana tip, pin 
tip, hook tip and spring tip; price:Probe Kit, $5;  B N C  Tip, $10. 

Straight-through voltage probe 

The H P  Model 10025A is a thin, flexible probe with small, 
pushbutton pincer jaws which provides a straight-through 
connection to voltmeters, ohmmeters and oscilloscopes. Maxi- 
mum input voltage is 600 volts peak, and the shunt capacity 
is approximately 150 picofarads. The cable is terminated in a 
shielded dual banana plug; price, $9. 
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Big picture display, plug-in versatility 
Field, laboratory, production applications 
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Bench and rack mount models, plug-in versatility 
Rectangular 8 x 10 cm CRT mance benefits from solid-state devices in all present and future 

Accurate measurements are easier to r e a d .  . . easier to make 
on the new H P  Model 18OA Big-Picture Oscilloscope. N e w  
Hewlett-Packard design breakthrough offers a compact 17-in. 
long C R T  with display area 30% to 100% greater than any 
other high-frequency scope! You get sharp, crisp traces for 
resolution of waveform details. The  black internal graticule, 
calibrated in centimeters, and bright trace make measurements 
easier to read, more accurate. Parallax error is eliminated. 
T h e  1 2  kV accelerating potential produces bright, easy-to-see 
traces, even at  5 nsec/cm sweeps. Flood guns in the C R T  allow 
variable background illumination for optimum contrast of 
graticule and trace for excellent photographic recording. 

Solid-state circuitry 
Mainframe and plug-ins of the HP Model 18OA are all- 

solid-state. Mainframe is the first with power supplies specif- 
ically designed for solid-state circuitry - gives you full perfor- 

plug-ins. 
The dual channel 50 M H z  at  5 mV/cm vertical amplifiers 

have low-drift FET input stages for accurate dc measurement 
- plus quick 15-second warm-up. Vertical plug-ins drive the 
C R T  vertical deflection plates directly, requiring only 3 V/cm. 
This allows even greater extended bandwidth capabilities in 
future plug-ins. 

Time base flexibility 
Time base plug-ins offer new easy-to-use delayed sweep for 

examining complex waveforms in detail. Tunnel diode trig- 
gering circuits lock-in waveforms to beyond 90 MHz. Exclusive 
Hewlett-Packard mixed sweep feature combines display of first 
portion of trace at normal sweep speeds, and simultaneously 
expands trailing portion of trace at  faster delayed sweep speed 
to allow magnified examination. 

N e w  horizontal amplifier has wide bandwidth with X10 
magnification to provide linear 5 nsec/cm sweeps, giving you 
greater resolution of high frequency signals and fast pulses. 

5%.inch Rack Model 180AR for Console Use 

Specificat ions 

Horizontal amplifier: 
External input: 

Bandwidth: dc coupled, dc to 5 MHz;  ac coupled, 5 Hz 
to 5 MHz. 

Deflection factor (sensitivity): 1 V/cm, X I ;  0.2 VJcm, 
XS;  0.1 V/cm, X10; vernier provides continuous adjust- 
ment between ranges; dynamic range e5 V .  

Maximum input: 600 V dc (ac-coupled input ) ,  
Input RC: 1 megohm shunted by approximately 30 pF. 
Sweep magnifier: X I ,  X5, X10;  magnified sweep accuracy 

& 5 % .  

Cali brator: 
Type: approx 1 kHz square wave, 3 psec rise time. 
Voltage: 2 outputs, 250  m V  and 10 V p-p, 3=1yo. 

Cathode ray tube: post-accelerator, 1 2  k V  accelerating po- 
tential; aluminized P31 phosphor (other phosphors avail- 
able; see modifications) with etched safety glass face plate 
to reduce glare. 

Writing rate: (using HP Model 197A Camera with f/1.9 
lens and Polaroid@ 3000 speed film) P31 phosphor approx 
700 cm/psec. 

Graticule: 8 x 10 cm parallax-free internal graticule 
marked in cm squares, 2 mm subdivisions on major axes; 
f ront  panel recessed Trace Align aligns trace with grati- 
cule; internal Y-align aligns Y-trace with X-trace; Scale 
control illuminates C R T  phosphor for viewing with hood or 
taking photographs. 

Beam finder: pressing beam finder control brings trace on 

General: 

C R T  screen regardless of setting of horizontal, vertical or 
intensity controls. 

Intensity modulation: approx + 2  V, dc to 1 5  MHz,  will 
blank trace of normal intensity; input R, 5.1 k ohms; input 
connector on rear panel. 

Active components: all solid-state (except C R T ) .  
Environmental: Model 180A scope with plug-ins operates with- 

in specs over the following ranges: temperature, -28 to 
65°C;  humidity, to 95% relative humidity to 40°C; altitude, 
to 15,000 ft.;  vibration, vibrated in three planes for 1 5  min 
each with 0.010’’ excursion from 10 to 5 5  Hz. 

Power: 115 or 230 V, ?IO%, 50 to 1000 Hz, 95 watts a t  nor- 
mal line, convection cooled. 

Dimensions: cabinet: 8” wide, 11” high, 22%‘‘ deep overall 
(204 x 280 x 572 c m ) ;  rack mount: 19” wide, 5%” high, 
19%‘‘ deep behind front panel, 21%” deep overall. 

Weight: (without plug-ins) Model ISOA: net 2 2  lbs (9 ,9  k g ) ;  
shipping, 30 Ibs (13,5 k g ) ;  Model 180AR ( r a c k ) :  net, 25 Ibs 
(11,3 k g ) ;  shipping, 33 Ibs (14,9 k g ) .  

Outputs: four emitter follower outputs for main and delayed 
gates, main and delayed sweeps; maximum current available, 
2 3  mA; outputs will drive impedances down to 1 k n  with- 
out distortion. 

Accessories furnished: two Model 10004A 10:  1 voltage di- 
vider probes, mesh contrast filter, detachable power cord, 
rack mounting hardware (rack only) .  

Price: (without plug-ins) HP Model lSOA, $825; HP Model 
180AR ( rack) ,  $900. 

Modifications: C R T  phosphor (specify by phosphor number) : 
P31 standard; P2, P7, PI1 available,no extra charge. 
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Features: 

Aircraft-type frame construction for maximum 

0 Withstands shock and vibration -built for 

ruggedness with minimum weight 

portable use 

8 Scope with plug-ins weighs only 30 pounds 

0 Easy to get at circuits, snap-off covers 

Conveniently-grouped controls are easier to see, 
easier to operate 

0 Operates with confidence at -28OC to +65OC; 
95% relative humidity to 40OC; 15,000 feet 

Feet on bottom and back sides for bench (horizontal) 
or floor (vertical) use 

0 8” x 10” cabinet, and 5%‘‘ x 19” rack models 

95 watts dissipation, convection cooling, no fan 

SO MHZ OSCILLOSCOPE continued 

8 x 10 cm display, solid-state, 30 pounds 
Models 180A, 180AR 

unit. A lever type lock used to secure the plug-ins in the 
main frame also serves as a handle for removing and carry- 
ing the plug-ins. Mating the plug-ins together and using a 
single main-frame jack reduces lead length and improves 
overall performance, 

Unique plug-ins lock together for optimum 
performance 

Vertical (left) and time base (right) plug-ins are locked 
together and installed in the Model 180A/AR as a single 

180A MAIN FRAME 
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Time base plug-ins 
T h e  Model 1820A Time Base provides sweep speeds from 

2 sec/cm to 50 nsec/cm, 5 nsec/cm when using Model 180A/AR 
X I 0  horizontal amplifier magnifier. Positive triggering is as- 
sured to 90 MHz and a front panel trigger holdoff control locks 
in complex waveforms. Automatic triggering provides a bright 
baseline in the absence of an  input signal, and syncs on the 
input waveform when a vertical input signal is applied. 

Model 1821A Time Base and Delay Generator providessweeps 
from 1 sec/cm to 100 nsecJcm , l o  nsec/cm when using Model 
180A/AR magnifier. I t  also features easy-to-use delayed sweeps. 
Exclusive Hewlett-Packard mixed sweep combines display of 
first portion of trace a t  normal sweep speeds, and simulta- 
neously expands trailing portion of trace a t  faster delayed 
sweep speeds to allow magnified examination. Functional 
groupings of all controls simplifies operation. The  internally 
generated delay trigger is available for external syncing. 

1820A 

Specifications, Model 1820A 
Time base: 24  ranges, 0.05 psec/cm to 2 sec/cm in a 1, 2, 5 se- 

quence; accuracy, * 3 % ;  vernier provides continuous adjustment 
between steps and extends slowest step to at least 5 sec/cm; hori- 
zontal magnifier expands fastest step to 5 nsec/cm. 

Triggering: 
Internal: see vertical amplifier plug-in. 
External: dc to 50 MHz from signals 0.5 V pk-pk or more in- 

creasing to 1 V at 90 MHz. 
Automatic: bright base line displayed in absence of input signal; 

internal, from 40 Hz, see vertical amplifier specification; ex- 
ternal from 40 Hz on signals 0.5 V pk-pk or more to greater 
than 50 MHz, increasing to 1 V at 90 iMHz. 

Trigger point and slope: controls allow selection of leiel and 
positive or negative slope; trigger level on external sync signal 
adjustable over range of * 5 V, t 50 V in + l o  position. 

Coupling: ac, dc, acf, acs; ac attenuates signals below approx. 20 
Hz; acf attenuates signals below approx. 15 kHz; acs attenu- 
ates signals above approx. 30 kHz. 

Single sweep: front panel switch provides single sweep operation. 
Variable holdoff: permits variation of time between sweeps to allow 

Weight: net, 2% Ibs (1,3 kg ) ;  shipping, 5 %  Ibs (2,4 kg ) .  
Price: H P  Model 1820A, $475. 

triggering on asymmetrical pulse trains. 

Specifications, Model 1821A 
Main time base: 

Range: 22 ranges, 0.1 ,psec/cm to 1 sec/cm in 1, 2, 5 sequence; 
accuracy, I: 3%; vernier provides continuous adjustment be- 
tween steps and extends slowest step to at least 2.5 sec/cm; 
horizontal magnifier expands fastest step to 10 nsecjcm. 

Internal: see vertical amplifier plug-in. 
External: dc to 50 MHz from signals 0.5 V pk-pk or more 

Automatic: bright base line displayed in absence of an input 
signal; internal, from 40 Hz, see vertical amplifier specifica. 
tion; external, from 40 Hz on signals 0.5 V pk-pk or more 
to greater than 50 MHz increasing to 1 V at 90 MHz; and 
from line voltage. 
Trigger point and slope: controls allow selection of level and 

positive and negative slope; trigger level on external sync 
signal adjustable over range of i . 5  volts, " 5 0  V in +IO 

position. 
Coupling: ac, dc, acf, acs; ac attenuates signals below approx. 20 

Hz; acf attenuates signals below approx. 15 kHz; acs attenu- 
ates signals above approx. 30 kHz. 

Trace intensification: used for setting up delayed or mixed 
time base; increases in brightness that part of main time base 
to be expanded full screen in delayed time base; rotating de- 
layed time base switch from Off position activates intensified 
mode. 

Delayed time base: delayed time base sweeps after a time delay 
set by main time base and delay controls. 
Range: 18 ranges, 0.1 psec/cm to 50 msec/cm in 1, 2 ,  5 sequence; 

accuracy, 3%; vernier provides continuous adjustment be- 
tween steps and extends slowest step to at least 125 msec/cm. 

Triggering: applied to intensified Main, Delayed, and Mixed 
Time Base Modes. 

Automatic: delayed time base starts at end of delayed period. 
Internal, external, slope, level, and coupling: same as main 

Delay (before start of delayed time base): 

Triggering: 

increasing to 1 V at 90 MHz. 

time base triggering. 

Time: continuously variable from 0.1 psec to 10 sec. 
Accuracy: i. 1%; linearity, +0.2%; time jitter is less than 

0.005% of maximum delay of each step ( 1  part of 20,000). 
Trigger output: (at end of delay time) approximately 1 .5  V 

with less than 50 nsec rise time from 1K ohm impedance. 
Mixed time base: dual time base display in which main time base 

drives first portion of display and delayed sweep completes display 
at speeds up to 1000 times faster. 

Single sweep: any display may be operated in single sweep. 
Weight: net, 3% Ibs (1,7 kg) ; shipping, 6% Ibs (2,8 kg).  
Price: HP Model 1821A, $800. 
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Model 1801A Vertical plug-in 
This dual channel 50 MHz at 5 mV/cm vertical amplifier 

has low-drift FET input stages for accurate dc measurement 
. . . plus quick, 15-second warm-up. Vertical attenuation, 
which sets vertical deflection factor, is ahead of the ampli- 
fier. This prevents trace jump as you change ranges; band- 
width is maintained on all ranges even when verniers are 
used. Internal triggering on the B channel signal assures 
time correlation for CHOP and ALT operation. 

Specifications 
Modes of operation: Channel A alone; Channel B alone; 

Channels A and B displayed on alternate time bases; 
Channels A and B displayed by switching at approxi- 
mately a 400 kHz rate, with blanking during switching; 
Channel A plus Channel B (algebraic addition). 

Bandwidth: (direct or with probes 3 dB down from 8 cm 
Each channel: 

Model 1801A 

Model 11 18A testmobile 
The H P  Model 11 18A Testmobile for the Cabinet Model 

180A provides adjustable height from 32 to 42 inches, 360’ 
rotation, and instrument tilt from +45” to -45O. The 
Model 1118A with its large 3-inch locking wheels adds to 
the “go anywhere” feature of the Model 180A; price, $95. 

Model 10166A panel cover 
The H P  Model l0166A Panel Cover, made of fiberglass 

material, provides protection to the front panel controls of 
the Model 180A; price, $25. 

Model 10167A carrying cover 
The H P  Model 10167A Carrying Cover, made of flexible 

vinyl material, fits over the Cabinet Model 180A. The top 
of the cover is slotted for access to the carrying handle; price 
$20. 

/ Camera accessories 
The H P  Model 197A Camera fits the rectangular bezel of 

the Model 180A directly. See page 461 for accessories which 
adapt the H P  Model 196A/B and the Tektronics C12 and 
c 2 7  Oscilloscope Cameras to the Model 180A. 

50 kHz reference signal) dc coupled, dc to 50 MHz; 
ac coupled, 2 Hz to 50 MHz. 

Rise time: (direct or with probes) less than 7 nsec with 8 
cm input step. 

Deflection factor (sensitivity): 0.005 V/cm to 20 V/cm ; 
12 ranges in a 1, 2, 5 sequence; accuracy t 3 7 ~ ;  vernier 
extends minimum sensitivity to 50 V/cm; a sensitivity 
calibration adjustment for each channel is provided 
on the front panel, 

Input RC: 1 megohm shunted by approximately 25  pF. 
Maximum input: 600 V peak ac coupled; dc coupled, 

150 V at 5 mV/cm increasing to 350 V at 20 V/cm. 
Polarity presentation: + or - up, selectable. 

Amplifier: bandwidth and deflection factor remain un- 
changed; either Channel A or B may be inverted to 
give A-B operation. 

Differential input (A-B): common mode rejection at least 
40 dB at 5 mV/cm, 20 dB on other ranges for fre- 
quencies up to 1 MHz; common mode signal should 
not exceed an amplitude equivalent to 50 cm. 

A + B input: 

Triggering: 
Mode: Channel A or Channel B alone, or Channel A plus 

Channel B, on the signal displayed; Channel A and 
Channel B displayed by switching at approx a 400 

Frequency: provides sufficient signal to the time base for 
triggering over the range of dc to 50 MHz with 0.5 
cm pk-pk signal or more displayed on the CRT in all 
modes except CHOP ; 100 kHz in CHOP.  

General: 
Weight: net, 4 Ibs (1,s kg) ; shipping, 69’2 Ibs ( 3  kg) . 
Price: H P  Model 1801A, $650. 
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Hewlett-Packard Testmobiles provide easy, convenient 
portability of test equipment to multiple test locations. These 
testmobiles can also be equipped to provide extra storage 
space for equipment and accessories which will increase test- 
bench working area. 

Model 11 16A Testmobile 
The Model 11 16A is the basic, inexpensive testmobile. Its 

instrument rack can be tilted from horizontal to 30’ above 
horizontal in four steps. The standard-equipment open wire 
basket can be used to hold bulky accessory equipment. This 
testmobile can also be folded for easy transportation to the 
test site or for more convenient storage. 
Dimensions: 40” high, 20” wide, 24 ’’ deep (1016 x 508 

Weight: net, 34 lbs (15,3 kg ) ;  shipping, 42 lbs (18,9 kg ) .  
Price: Model 1 1 16A Testmobile, $85, 

Model 11 19A Testmobile 
The Model 11 19A Testmobile, f o r  sta7zdar.d Hewlett- 

Packaid modzdai. iizstiitmeizts, has a unique trunnion 
mounting that allows the instrument to be rotated a full 
360’. The dented tilt positions are located at 10’ intervals. 
Instruments larger than ten inches from pivot point to corner 
can be tilted t 4 0 ’  from the horizon. 

When working with non-modular equipment, a Model 
10479A Tilt Tray can be mounted on the testmobile. 

For more storage space, the Model 10480A cabinet can 
be quickly mounted in place of the lateral brace. This cab- 
inet has adequate space for plug-ins and small instruments. 
The cabinet also is equipped with a 15/8f’ drawer for cables 
and accessories. 
Dimensions: 38” high, 19l/,” wide, 23y2” deep (965 x 489 

x 597 mm). 
Weight: net, 42 lbs (19,l  kg ) ;  shipping, 50 lbs (22,5 kg) .  
Price: Model 11 l9A Testmobile, $1 10. 

Model 10480A Storage Cabinet 
Dimensions: 111/4” high, 18%” wide, 15’’ deep (286 x 464 

x 610 mm) .  

x 381 mm) .  

Weight: net, 19y2 lbs (8,9 kg) ; shipping, 229’2 lbs (10 kg).  
Price: Model 10480A Storage Cabinet, $35. 

Model 10479A Tilt Tray 
Fov w e  with iizstiuments othei. thaiz staizdasd Hewlett- 

Packard modillat, size. 
Dimensions: 171/4” wide, 23” deep. 
Weight: net, 1 2  Ibs (5,5 kg) ;  shipping, 15 lbs (6,s kg).  
Price: Model 11 17B Testmobile (without drawers). $1 85. 

Model 11 17B Testmobile 
The Model 1117B Testmobile can be equipped as a com- 

plete, portable test center. The top instrument tray can be 
tilted from 15’ below to 30’ above the horizontal in 7y2’ 
steps. The front or rear frame can accommodate standard 
19 inch RETMA rack panels so that any necessary equip- 
ment can be carried with the testmobile. In addition, HP 
Combining Cases or Rack Adapter Frames may be mounted 
on the testmobile to accommodate any sub-modular compo- 
nents. 

Central power distribution to the instruments is provided 
by four standard NEMA plugs on the back panel. 

Two storage drawers are also separately available-a three 
inch drawer for small accessories; and an eight inch drawer 
for bulky items such as plug-ins. Both drawers can be re- 
moved or repositioned at the option of the user. 
Dimensions: 39“ high, 20’’ wide, 24” deep (991 x 508 x 

Weight: net, 85 Ibs (38,3 kg) ; shipping, 11 7 lbs (52,7 kg).  
Price: Model 1117B Testmobile (without drawers), $185. 

Model 10475A 3-inch Drawer 

610 mm) .  

Weight: net, 9 lbs (4 , l  kg) ;  shipping, 13 lbs (5,9 kg).  
Price: Model 10475A, $30. 

Model 10476A 8-inch Drawer 
Weight: net, 11 lbs (5  kg ) ;  shipping, 2 5  Ibs (11,3 kg ) .  
Price: Model 10476A, $35. 

- 
1116A 1119A v - 

1117B 
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T h e  Model  197A Oscilloscope Camera provides an ac- 
curate, convenient way of recording oscilloscope displays. 
I t  is a precision instrument, meant  fo r  long, hard  use. 

T h e  Model  197A employs a new electronic shutter which 
provides accurate exposure times f rom 1/30 to 4 sec. T h e  
shutter may be tripped electrically f rom a remote source, 
and  a sync output provides a contact closure when the 
shutter is opened, allowing synchronizing of other equip- 
ment  with the camera. Circuitry is all solid-state. 

T h e  new f l l . 9  lens, designed for  Hewlett-Packard by 
Wollensak, is mounted in a direct line with the film and 
transmits a maximum amount  of l ight for  photography of 
d im traces. 

An ultra-violet l ight is included in the Model  197A for  
i l luminating the internal graticule used on HP oscilloscopes. 
T h e  “black” light, adjustable in intensity to suit condi- 
tions, excites the phosphor o n  the tube face and  causes it 
to photograph an intermediate gray. T h e  gray background 
clearly distinguishes the thin black graticule lines by contrast. 
Trace intensity is not degraded by this induced fluorescence, 
and the resulting photographs are actually easier to read, 
since the black graticule lines also contrast clearly with the 
trace, and their exact crossings can be accurately located. This  
black l ight has the additional advantage of presensitizing 
the film at the same time that the photograph is taken. T h e  
uni form glow of the C R T  face lowers the apparent threshold 
sensitivity of the film, enabling it to record dimmer traces 
and making possible clear, sharp photographs of both 
iepetitive and single sweep phenomena (see Figure 1 ) .  
In  addition to continuously adjustable ultraviolet intensity, 
t he  Model  197A also provides a “flash” feature which auto- 
matically turns the UV on and off. T h e  “flash” permits 
recording of slow single-shot events and complete graticule 
information in a single exposure, In other cameras a double 
exposure is usually required, 

All Model  197A controls are located outside the camera. 
Shutter speed, f-stop, and UV light brightness are  color 
coded to provide an opt imum start ing point f o r  t he  inex- 
perienced photographer.  T h e  l ightweight Model  197A is 

quickly and easily mounted on  any oscilloscope, and swings 
away f rom the C R T  face when not  needed. T h e  face-fitting, 
flexible hood has a low viewing angle for  accurate alignment 
of the trace with an external graticule. T h e  hood may be 
removed and replaced with a flat panel, al lowing a series of 
cameras to  be mounted on stacked oscilloscopes with heights 
as low as 7 inches. 

T h e  Model  197A back may be rotated f rom the normal  
horizontal position to a vertical position, allowing two 
smaller pictures to be taken on  one  photograph. T h e  back 
also can be moved through 11 detented positions for  multi-  
ple exposures (see Figure 2 )  or it can be  removed and 
replaced with a 4 x 5 inch GraflokE back. T h e  entire film 
area of the back may be utilized through the use of the 
Model  197~4’s easily adjustable continuous reduction ratio 
feature. T h e  camera may then be quickly refocused with a 
simple knob adjustment,  using the furnished split image 
focusing plate stored in the camera. 

197A 
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may be interchanged without refocusing and may be rotated 
in 90-degree increments. 

Mounting: quick lift on-off mounting with positive lock; swing 

Specifications 
Reduction ratio: continuously adjustable from 1 :1 to 1 :0.7; 

reference scale provided on focus plate. 
Lens: 75 mm, f/1.9 high transmission lens, manufactured ex- 

clusively for H P  by Wollensak; aperture ranges f/1.9 to 
f/16; optional 88 mm f/1.4 OscilloRaptar lens available. 

Shutter: electronically operated and timed shutter, with all 
solid-state circuitry; shutter speeds are 1130, 1/15,  1/8, 1/4, 
112, 1, 2, 4 sec, Time and Bulb; shutter has a sync contact 
closure output for triggering external equipment, and input 
jack for remote operation. 

Camera back: Polaroid@ Land Camera using pack film Type 
107 supplied; GraflokB back available (see Options) ; backs 

away to left. 
Viewing: low-angle, direct viewing flexible face mask; hood 

mav be removed and replaced with panel to allow stacking 
on ?-inch high oscilloscopes (see Accessories Available). 

Multiple exposure: back moves vertically through 11 detented 
positions at '/2 cm per detent at 1:O.C)object-to-image ratio. 

FOCUS: adjustable focusing with lock; split image focusing 
plate provided. 

Dimensions: 14" long, 101/2'' high, 7%'' wide (356 x 267 x 
194 mm) with hood; 12"  long, 61/2'' high, 7%" wide (305 x 
165 x 194 m m )  without hood. 

Weight: net 10 Ibs (4 ,5  kg) ; shipping 19 lbs (8,6 k g ) .  
Power: 115 V ?lo%, 50 to 1000 Hz, 6 watts. 
Accessories furnished: combination split image focusing plate 

and reduction ratio scale. 
Price: H P  Model 197A, $473. 

Option 01: without ultraviolet light, deduct $50. 
Option 02: f/1.4 lens, add $270. 
Option 03: Graflok back in place of Polaroid back; no 

Option 12: modified for 230 V operation; no charge. 
charge. 

"Polaroid"@ by Polaroid Carp. 
"GrafIok"@ by Graflex, Inc. 

Camera accessories available 
Camera Backs 

T h e  Model  197A is supplied with a Polaro id8  Pack Film 
back as standard o r  a 4 x 5 GraflokB back as Option 03. 
These backs can also be ordered separately. Polaroid back 
Model  10353A, $35; Graflok back Model  10352A, $85. 

Oscilloscope Bezel Adapters 

10355A 10356A 10357A 

10360A 10361A 10362A 

T h e  Model  197A fits all HP oscilloscopes and can easily 
be fitted to other types by means of bezel adapters. Model  
1035 SA adapts to Tektronix and Fairchild 5-inch round 
bezels, $15. Model  1035614 adapts to Tektronix 560 Series 
rectangular bezels, $1 5 .  Model  10357A adapts to Tektronix 
640 Series rectangular bezels, $15. T h e  Model  1036OA 
adapts the Model  196A/B camera to the H P  rectangular 
bezel, $15. T h e  Model  10361A adapts the Tektronix C12 
camera to the HP rectangular bezel, $15.  T h e  Model  10362A 
adapts t he  Tektronix C27 camera to the HP rectangular 
bezel, $15. 

Carrying Case 

T h e  Model  10358A carrying case is a sturdy fiber-glass 
and aluminum construction with foam padding to  provide 
maximum protection for the Model  197A in transit o r  
storage, $65. 

Other accessories 

/ Model  10354~4 Viewing Hood Replacement Plate is used 
in place of the Model  197A viewing hood and permits 
camera mount ing  on  stacked oscilloscopes with heights as 
low as 7 inches, $7. 

T h e  Model  10359A Viewing Lens is a ground plastic 
lens which fits inside the viewing hood for easy trace view- 
ing  by those with farsighted vision, $ 2 5 .  
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HP Model Length Description Price 
10120A 3’ (91 cm) male BNC-to-male BNC $10 
10121A 8” (203 mm) male BNC-to-male BNC $10 

10123A 6’ (183 cm) male BNC-to-male BNC $11 . 
10124A 9’ (274 cm) male BNC-to-male BNC $12 
10126A 18’ 1549 crn) male BNC-to-male BNC $13 

I 10122A 3‘(91 mm) male BNC-to-male Type N $10 

CAMERA; ACCESSORIES 
Convenient recording of oscilloscope traces 
Models 196A, 196B; Accessories 

Model 196A/B Cameras 
Advantages of the Model  196A/B include sharp defini- 

tion and h igh  resolution f/1.9 lens; easy-to-use Polaroid 
Land Film-Pack Back; prefocused f o r  convenient operation; 
n o  image inversion; quick-release clamp fo r  easy mounting; 
distortion is imperceptible; internal UV light with Model  
196B.  

Specifications, Model 196A/B 
Object-to-image-ratio: 1-to-0.9; 1 -to-1 optional. 
Lens: 75 mm, f /1 ,9  high-resolution lens. 
FOCUS: factory-set for optimum resolution of both 

Lens opening: f A . 9  to f i l 6 .  
Shutter: speed and /-stop settings are completely visible and 

adjustable from access port; shutter speeds are 1/50, 1/25, 
1/10, 1/5, 1/2, 1 sec., Time, Bulb (solenoid operation on 
special order) .  

Print size: 3%” x 4%“ (83 x 108 m m ) .  
Image size: 2 % ’ ’ ~  3-13/16” ( 7 3  x 96 m m ) .  
Film: Polaroid@ Land Film P a c k ,  Type 107, 3000 speed. 
Dimensions: 10” wide, 13%” long, 101/4” high, (254 x 343 

Weight: net, 9 Ibs (4 , l  k g ) ;  shipping, 18 Ibs (8 , l  kg) ; 32 lbs 

Power: Model 196B, 115 V &lo%?,,  60 Hz, 10 W. 
Accessories available: Model 1035 I A  Carrying Case, $40; 

Model 10355A Tektronix Adapter, $15. 
Price: H P  Model 196B, $445; HP Model 196A (identical with 

Model 196B, but without black light source), $395. 
Special order: 1 :1  object-to-image-ratio, add $25; and order 

CO1-196A for Model 196A, C06-196B for Model 196B; 
solenoid-operated shutter for remote operation (actuated 
by external contact closure), 115 V ac external power re- 
quired, add $125 and order H05-l96A for Model 196~4, 
H05-196B for Model 196B; solenoid operation same as 
above, except 28  V dc external power required, add $65 and 
order HOl-196A for Model 196A, H06-196B for Model 
196B. 

Conversion kits: 196A-95C, converts “A” to “B”; price, $50; 
196A-‘)5D, same as above but with Option 1 2 ;  price, $65. 

Option 12: Model 196B for 115 or 230 V I t l o % ,  50 to 60 
Hz operation, add $15. 

trace and 
graticule. 

s 262 m m ) .  

(14,9 kg) with carrying case. 

Oscilloscope accessories 

101 10A lOlllA 
T h e  Model  I01 1 OA Adapter ( B N C  male to dual- banana- 

pos t )  quickly converts standard BNC input terminals o n  
oscilloscopes to dual banana posts; price, $5. 

T h e  Model  101 1 1 A  Adapter (shielded banana-post to 
female-BNC) converts banana post inputs on  oscilloscopes 
to shielded B N C  inputs fo r  low-level signal work: price. $7. 

101758 16176A 1 0 5 5 A  

T h e  Model  10175A polarized hood increases contrast 
and reduces glare fo r  viewing d im traces under  all ambient 
light conditions; price, $10. 

T h e  Model  10175B hood with remayable vinyl face mask 
is ideal for  viewing fast transients; price, $15. 

T h e  Model  10176A flexible viewing hood is designed for  
use on  the HP rectangular bezels; price, $7. 

10127A 1 l ’ (305 mm) 1 GR-to-male BNC 1 $13 
10128A 1 l ’ (305  mm) I GR-to-female BNC 1 $13 ~ ~~ 

#@by Polaroid Carparation 
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DC POWER SUPPLIES 

Low Voltage Rack 

The following is a step-by-step procedure 
which, when used with the Condensed List- 
ing on the following pages and the Defini- 
tions on pages 468 and 469 will be helpful 
in choosing the right power supply. 

(1) Determine dc output voltage rating 

A dc voltage requirement is often ex- 
pressed as a nominal rating, but power sup- 
plies are rated in terms of maximum output 
under worst operating conditions. For ex- 
ample, if the dc voltage required is nom- 
inally 32  volts, adjustable * l o % ,  a 36 volt 
supply (not 32 volts) should be obtained, 
provided operation is actually desired at 
110% of nominal (35 .2  volts). This can be 
important if "marginal checking" of a sys- 
tem or a load circuit is to be accomplished 
by varying the dc power supply feeding it. 

(2) Determine dc output current rating 

The output current rating of a power sup- 
ply must be selected on the basis of the peak 
current requirement, not the average current 
requirement; this results from the fact that 
the current limiting protection circuitry in- 
ternal to the supply is extremely fast in 
order to protect the series power transistors. 
The current limit circuit is normally adjust- 
able to between 105 and 110% of the nom- 
inal current rating of the power supply. If 
inverse current loading is involved, the pow- 
er supply must have a current rating equal 
to or greater than the sum of peak current 
delivered and peak current absorbed. 

(3) Consult condensed listing 

Enter the Condensed Listing at the voltage 
rating found from ( 1  ) .  Supplies above this 
point are eliminated from consideration be- 
cause of insufficient output voltage. Many 
supplies below this point are also eliminated 
because of a current rating too small com- 
pared with ( 2 ) .  If the desired output Lolt- 
age-current combination does not appear in 
the Condensed Listing, consider series and 
parallel combinations of power supplies: 
Hewlett-Packard's Auto-Series and Auto- 
Parallel feature permits one knob control 
and equal voltage and current sharing. 

(4) Constant voltage and/or constant 
current output 

hfost applications require constant volt- 
age power supplies. However, some load 
devices require a constant current source of 
dc power. Still other applications (e.g. bat- 
tery charging and electrolytic capacitor form- 
ing) call for supplies which have automatic 
crossover between constant voltage and con- 
stant current operation. 

If the requirement involves constant cur- 
rent performance, then the Condensed List- 
ing should be used to determine which sup- 
plies remaining from ( 3 )  are capable of 

constant current operation. Remember that 
all Remote Programming constant voltage 
supplies can also be converted to constant 
current use with one external resistor. 

(5) Specifications for load regulation, 
line regulation, ripple and transient 

response 

Generally speaking, a Hewlett-Packard 
power supply employs one of two basic cir- 
cuit technique - (1)  a transistor regulator, 
or ( 2 )  an SCR regulator. (In the case of 
high power output rating, the transistor reg- 
ulator is preceded by an SCR preregulator.) 
All low output power supplies use circuit 
technique ( I ) ,  since this results in both 
lower cost and better performance. Either 
circuit technique (1)  or ( 2 )  may be utilized 
in a supply of moderate output power ca- 
pability. Power supplies of 1-ery high output 
power employ circuit technique ( 2 ) .  

These two circuit techniques result in dis- 
tinctly different performance characteristics 
-particularly with regard to regulation, rip- 
ple and transient response. 

Specif icat ion Transistor Regulated 
Load Regulation 0.001% to  0.05% 
Line Regulation 0.001% t o  0.05% 

50 pv t o  1 mv 
Transient Response Less than 50psec.  

Specif icat ion SCR Regulated 
Load Regulation 0.1% to 1% 
Line Regulation 0.1% to 1% 
Ripple and Noise 0.1% to 1% 

Ripple and Noise 

Transient Response Less than 50-200 msec. 

(6) Is remote programming required? 

If it is desired to control the output of the 
power supply remotely using switched or 
Lariable values of resistance, or if the sup- 
ply is to be controlled by means of a voltage 
input, then look on the Condensed Listing 
for those power supplies with a check under 
"Remote Programming." 

(7) Physical configuration 

Power supplies are available in three basic 
packages - rack mounting (standard 19" 
RETMA), bench, and modular. For high 
output ratings, rack mounting is the only 
practical configuration, All supplies which 
are not normally rack mounting are easily 
adapted to rack applications using standard 
hardware available from Hewlett-Packard. 
Reference to the appropriate catalog pages 
will indicate the nature and cost of this rack 
mounting adapting hardware. 

(8) Miscellaneous requirements 

Depending on the particular application, 
check also for remote error sensing, per- 
missible values of input line voltage and 
frequency, front and/or rear output termi- 
nals, meters, etc. Many of these miscella- 
neous requirements can be checked directly 
on the Condensed Listing. In other cases i t  
will be necessary to refer to the more de- 

tailed information on the catalog pages ref- 
erenced by the Condensed Listing. 

A spec sheet can be obtained from any 
Hewlett-Packard sales office. 

Power supply series designations 

Series designations identify groupings of 
Hewlett-Packard power supplies that have 
similar circuit techniques and operating 
characteristics. 

The model numbers assigned to each 
Series can be determined from the Product 
Category Index on page 463. 

Note that each multiple letter Series des- 
ignation (1) suggests the general type of 
power supply in a given category and ( 2 )  
indicates (in the third letter) the nature of 
the power supply case and its "normal" 
mode of installation. A final "B" indicates 
Bench supplies and a final "R" applies to 
units which are Rack mounted. Absence of 
a "B" or an "R" as the final letter means 
that the supplies have not been designed 
primarily for either Bench or Rack use, or 
that the series includes both full rack width 
and half rack width instruments. 

Notice that these designations are not part 
of the model number. They do not appear 
on the instrument and should not be used 
when ordering. 

SERIES Description 

Constant-Current, Bench 

DPR Dual Power Rack 

1 H V B  1 High Voltage Bench I 
H V R  1 High Voltage Rack 

ICs 1 Low Voltage for Integrated Circuits 

I LAB 1 Laboratory Bench I 

MPB-3 1 3%"-High Medium Power Bench 

MPB-5 1 5l/d"-High Medium Power Bench 

I M P M  1 Medium Power Modular I 
MVR 1 Medium Voltage Rack 

PS/A 1 Power Su mlvl Amol i f  ier 

Primary SCR Regulated, Output I SCRmlP I Ratings - 300 and 900 Watts I 
t o a  KW 

to 10 KW 

I SLOT I Fixed Output Modules I 
~ 

STB High Stability Bench Supplies [ 

Further information on power supplies can 
be found in Application Note 90, Power Sup- 
ply Handbook, available from pour local 
Hewlett-Packard Sales Office. 
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CONDENSED LISTING DC POWER SUPPLIES 

0-200 6453A SCR-3 486 

0-16 or 0-18 0-600 or  0-500 6466A SCR-10 487 

I 

0-20 Dual 0-3 6253A DPR 474-475 
0-20 I 0-3 6284A MPB-3 474-475 
0-20 I 0-5 6285A MPB-5 474-475 

105-125 or 210-250 
105-125 or 210-250 
105-125or 210-250 

L 
0-20 0-10 6286A MPB-51474.475 
0-20 0-15 64278 SCR-1P1 485 

50-400 4 B 144 
50-440 i B i 235 
48-63 i 8 265 

i 
50 mV combined 

1 mV I 1 mV 

2 mV + O . O l %  
2 mV + O . O l %  

1 mV 1 mV 
1 mV 

25 mV combined 

10 mV +02% 
combined 

10 mV +0.2% 
com bined 

3 m V  or 0.03% 1 3 mV or  0.037 
3 mV or 0,03?2 I 3 mV or 0.03% 

4 mV +O.Ol?Z 4 mV +O.Ol% 
0.001% 

*"E"  indicates bench type and "R" indicates fu l l  rack w id th  type supplies. All bench supplies 

"'Automatic crossover between constant voltage (cv) and constant current (cc) operation. 
using accessory rack mount ing hardware. 

E 
E 

a 

oa 

v 
al In 

e 

al 

.- 

- .- 4 
h 

B 
280 

1 mV 
1 mV 
0.2 
0.2 
0.2 
1 mV 
1 mV 

- 

1 mV 
1 mV 

80 
0.04 
0.5 
1 .o 
1 mV 
1 mV 
150 

160 or 18 

1.0 
1.0 
1 .o 
0.5 

-- 

0.5 
2 
0.2 
0.2 
0.04 
0.04 
- 
0.2 
0.2 
0.2 
0.2 
0.5 
~ 

0.5 
40 

cept Mol 

' 

208/230 

105-125 150-60 ] i ] B Id I 350 
230 * l o %  148-63 1 i I R Id I 775 

105-125 
105-125 

225 
100-130 or 200-260 148-63 1 i I R.14 1 43E 
100-130 or.200-260 148-63 I i I R Id 1 52: 

I , I  I ,  

105-125 or 210-250 150-4401d 1 B (\I 1 194 

s 7214 711A, 7128 and 715A) can be rack mounted / 

additional listings on next page 
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DC POWER SUPPLIES 

0-20 
24 1 1 0 %  

0-24 
0-25 

0-25 
28 1 1 0 %  

0-30 
0-30 

0-45 64288 
0 -1  602441 
0-3 62248 
0-0.2 80lC 
0-1.5 62208 
0-1.5 602851 
0-0.15 721A 
0 -1  6206B 

6433B 

CR-1P 
SLOT 
MPM 
- 

MPM 
SLOT 
- 

LAB 
M O D  
MOD 
MOD 
LVR 
LVR 

:R-lP 
LVR 
- 

>R-3 

:R-10 

LAB 
LAB 
STB 
STB 
LAB 
LAB 
DPR 
dPB-3 
1PB-5 
IPB-5 
LVR 
LVR 
%/A 
CCB 
WPM 
VPM 
LAB 
DPR 

6268A 

485 
490 
473 
491 
473 
490 
473 

470-471 
488-489 
488-489 
488-489 
482-483 
482-483 

485 
482-483 

485 
486 

487 

470-471 
470-471 
476-477 
476-477 
470-471 
470-471 
474-475 
474-475 
474-475 
474-475 
482-483 
482-483 

493 
478-479 

473 
473 

470-471 
474-475 

0-40 0-50 
-50 b + 5 0  0-1 

0-50 0-0.75 
0-50 0-0.75 
0-50 0-1.5 
0-60 0-0.5 
0-60 Dual 0-1 

6269A 
6824A 
6177A 
62208 
62268 
6206B 
6257A 

40mV I 20mV 
I 

0.05% 0.05% 
.01%+4mV 1 .01%+2 mV 

2 mV 2 mV 
.01%+2 mV .01%+2 mV 

0.05% 0.05% 
30 mV 1 1 5  mV 

4 mV +O.Ol% 
3 mV or 0.02% 
3 mV or 0.02% 

4 mV +O.Ol% 
3 mV or 0.02% 
3 mV or 0.02% 

200 pv +0.01% I 200 /Lv +O.Ol% 
0.5% combined 
10 mV +O.Z?Z 

combhed' " 
10 mV +0.2% 

combined 

350 p V  +O.OOl% 1 0.001% 
4mv+0.01% I 4 mV+O.Ol% . I -  , I "  

4 mV + O . O l %  
2 mV + O . O l %  

4 mV + O . O l %  
2 mV +O.Ol% 

1 mV+O.Ol% 1 mV+O.Ol% 

5 mV +0.02% 5 mV +0.02% 

2 mV+.Ol% 
4 mV + O . O l %  [ 4 mV +O.Ol% 
2 mV+O.O1% I 2 mV +0.01% 

I 

- 
3 U s 

v) 

E - 
40 105-125 

1 mV 105-125 
0.5 105-125 or 210-250 

0.5 105-125 or 210-250 

0.15 115/230*10% 
0.2 105-125 or 210-250 
1.0 105-125 or 210-250 
1.0 105-125 or 210-250 
1.0 105-125 or 210-250 
0.5 100-130 or 200-260 
0.5 100-130 or 200-260 

0.1 105-125 

1 mV 105-125 

105-125 

360 105-125 --- 
105-125 or 210-250 
105-125 or 210-250 
105-125 or 210-250 

0.5 105-125 
105-125 

230 * 10% 
0.5 230 =t 10% 

105-125 or 210-250 

105-125 or  210-250 
io-400 v' B 

additional listings on next page 
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CONDENSED LISTING DC POWER SUPPLIES - 

r- 

0-60 
0-60 
0-64 

0-100 
0-100 
0-100 
0-100 
0-100 c 

u) E 

I - a 
3 a 
0 

0-1 
0-3 
0-3 
0-5 
0-15 
0-15 
0-50 
0-150 
0-0.2 
0-0.2 
0-0.3 
0-0.75 

11 0-0.75 
I 0-110 I 0-100 

0-300 

.03-.05 -250 to 

0-500 0-0.1 

0-0.05 

0-600 
I I 1-600 I 0-1.5 

-250 to 

0-1000 0-0.2 

1i 115/230 1.10% 

711Ai  - 491 1000 or  0.5% 1000 or 0.5% 1 115/230 f 10% 

715AS 1% 1% 
1% 1% 

- 492 

I I I I -  .. 
71261 - 491 50 * 100 0.5 

50 * 100 0.5 115 * l o %  . -  
- * 100 1 0.5 1 

I I I i i 
6483Bl SCR-101 487 1 100 mV +0.2% combined I 500 I3m 208/230/460 A 107 

I I I I I 
64488 I SCR-lPI 485 I 600 mV 600 mV 1600mV I 105-125 

0.05% 0.05% 1 115/230 *lo% 
71681 - 492 - 0.05% 0.5 

- 1% 2 
6521A HVR 484 20 mV or 0.005% 20 mV or 0.005% 1.0 105-125 
6515A HVB 472 16 mV or 0.01% 16 mV or 0.01% 2.0 105-125 
6522A HVR 484 20 mV or 0.002% 20 mV or 0.005% 1.0 105-125 
6110A STB 476-477 100 ~ V + 0 . 0 0 1 %  0.001% 0.4 105-125 , -  I -  

6516A HVB 472 16 mV or 0.01% 16 mV or 0.01% 4 105-125 or 210-250 
6525A HVR 484 20 mV or 0.001% 20 mV or 0.005% 1.0 105-125 

j7-63 i R 

All  Supplies: 50'C maximum ambient temperature rating. Floating output (ground either side), continuously variable output, iow output impedance a t  a i l  frequencies, 
3-wire input, computer-quality electrolytics, 1 year warranty. No turn-on, turn.off overshoot: short-circuit.proof, a l l  semiconductor except as noted by:. 
Transistor Supplies: Glass.epoxy pr inted c i rcu i t  board construction, fu l l y  automat ic overload protect ion - short-circuit-proof. 
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DC POWER SUPPLIES / & DEFINITIONS 

Refer to “Power Supply Handbook,” 
Application Note 90 for further infor- 
mation on definitions, theory, operation, 
and applications. AIV-90 is available 
free of charge from your local Hewlett- 
Packard Field Sales Office. 

Ambient temperature. The room tem- 
perature, or effective temperature of the 
environment in which the power supply 
is operating. 

Auto-parallel or automatic parallel op- 
eration. A master-slave parallel connec- 
tion of the outputs of two or more Hew- 
lett-Packard supplies used for obtaining a 
current output greater than that obtain- 
able from one supply. Auto-Parallel op-  
eration is characterized by one-knob con- 
trol, equal current sharing, and no 
internal wiring changes. Normally only 
supplies having the same model number 
may be connected in Auto-Parallel; in 
certain cases, however, supplies of the 
same Series are capable of mixed Auto- 
Parallel operation. 

Auto-parallel power supply system 

Auto-series or automatic series opera- 
tion. A master-slave series connection of 
the outputs of two or more Hewlett- 
Packard power supplies used for obtain- 
ing a voltage greater than that obtainable 
f rom one supply. Auto-Series operation, 
which is permissible up to 300 volts off 
ground, is characterized by one-knob con- 
trol, equal or proportional voltage shar- 
ing, and no internal wiring changes. Sup- 
plies of mixed model numbers may be 
connected in Auto-Series without restric- 
tion, provided that each slave is listed as  
being capable of Auto-Series operation. 

Auto-series power supply system 

Auto-tracking or automatic tracking 
operation. A master-slave connection of 
two or more Hewlett-Packard power sup- 
plies each of which has one of its out- 

put terminals in common with one of the 
output terminals of d 0  of the other power 
supplies, such a connection pattern be- 
ing characterized by one-knob control, 
proportional output voltage from all 
supplies, and no internal wiring changes. 
Useful where simultaneous turn-up, turn- 
down or proportional control of all power 
supplies in a system is required. 

Auto-tracking power supply system 

Constant current power supply. A regu- 
lated power supply which acts to keep 
its output current constant in spite of 
changes in load, line, or temperature. 
Thus,  for a change in load resistance, the 
output current remains constant to a first 
approximation, while the output voltage 
changes by whatever amount necessary to 
accomplish this. 

Constant voltage power supply. A regu- 
lated power supply which acts to keep 
its output voltage constant in spite of 
changes in load, line, or temperature. 
Thus,  for a change in load resistance, the 
output voltage of this type of supply re- 
mains constant to a first approximation, 
while the output current changes by 
whatever amount necessary to accom- 
plish this, the most common type of reg- 
ulated dc power supply. 

15 
Constant voltageiconstant current 

(CVICC) output characteristic 

Constant voltage/constant current (CV/ 
CC) with automatic crossover. A power 
supply which acts as a constant voltage 
source for comparatively large values of 
load resistance and as a constant current 
source for comparatively small values of 
load resistance. The automatic crossover 
or transition between these two modes of 
operation occurs at a “critical” or “cross- 
over” value of load resistance Rc = E d  
1s where Es is the front panel voltage 
control setting and IS is the front panel 

current control setting. 

Constant voltage/current limiting (CV/ 
CL) with automatic crossover. The same 
as CV/CC operation except for a slightly 
poorer regulation characteristic for low 
values of load resistance, i.e., in the “con- 
stant current” region of operation. 

/_EO*Sl l * i  “001Gt 
0”W”I 

Constant voltagelcurrent limiting 
(CViCL) output characteristic 

“Crowbar” voltage protector. A separate 
circuit which monitors the output of a 
power supply and instantaneously throws 
a short circuit (or “crowbar”) across the 
output terminals of the power Supply 
whenever a preset voltage limit is ex- 
ceeded. An SCR is usually used as the 
“crowbar” device. 

Drift. A term loosely used to describe the 
slow variations in the output of a regu- 
lated power supply due to STABILITY 
a n d / o r  T E M P E R A T U R E  C O E F F I -  
CIENT.  

Line regulation of a constant current 
power supply. The change in the static 
value of the dc output current resulting 
from a change in ac input voltage from 
low line (usually 105 volts) to high line 
(usually 1 2 5  volts) or from high line to 
low line. 

Line regulation of a constant voltage 
power supply. The change in the static 
value of dc output voltage resulting from 
a change in ac input voltage from low 
line (usually 105 volts) to high line 
(usually 125  volts) or from high line to 
low line. 

Load regulation of a constant current 
power supply. The change in the static 
value of dc output current resulting from 
a change in load resistance from short 
circuit to a value which gives maximum 
rated output voltage. 

Load regulation of a constant voltage 
power supply. The change in the static 
value of dc output voltage resulting from 
a change in load resistance from open 
circuit to a value which yields maximum 
rated output current. 
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Output impedance of a power supply. 
At any given frequency of load change, 
~ E , , , , ~ / 4 1 ~ , > ~ .  Strictly speaking the defini- 
tion applies only for a sinusoidal load dis- 
turbance, unless, of course, the measure- 
ment is made at zero frequency (dc)  . The 
output  impedance of an ideal constant 
voltage power supply would be zero at 
all frequencies, while the output  imped- 
ance for an ideal constant-current power 
supply would be infinite at all frequen- 
cies. 
Recovery time. See Transient Recovery 
Time 
Remote error sensing or Remote sens- 
ing. A feature found on most H P  power 
supplies, which, by means of two extra 
wires between the supply and the load, 
permits the power supply to achieve its 
optimum regulation at the load terminals 
rather than at the power supply output 
terminals, thus compensating for the IR 
drop present in the current carrying leads 
connecting the load to its power supply. 
The  current through the sensing leads is 
so small that  in spite of the resistance of 
these leads, their voltage drop is neglig- 
ible. 
Remote programming. A feature of most 
H P  power supplies which makes possible 
control of the regulated output by means 
of a remotely varied resistance. This fea- 
ture also permits control of the output 
of a power supply by means of a voltage 
input rather than by means of a control 
resistance. 
Ripple. The residual ac component which 
is superimposed on the dc component of 
the output of a regulated power supply. 
Ripple is usually specified in terms of its 
RMS value 
Stability. Obviously a misnomer, this 
term refers to the instability in power 
supply output which occurs in the pres- 
ence of constant load, constant line and 
constant ambient temperature for a 
stated period of time (usually 8 hours) 
following warm-up.  This small output 
variation, which is related in par t  to the 
internal temperature rise of the power 
supply, is the zero frequency component 
of noise which must be present in any dc 
amplifier or regulator, even though all in- 
put, output, environmental, and control 
parameters are held constant. 
Temperature coefficient. For a power 
supply operated at constant load and un-  
der conditions of constant input ac line 
voltage, the change in output  voltage (for 
a constant voltage supply)  or output cur- 
rent ( for  a constant current supply) for 
each degree change in the ambient tem- 
perature 

Transient recovery time. Sometimes re- 
ferred to as recovery time, transient re- 
sponse time, or response time - loosely 
speaking the time required for the output 
voltage of a power supply to come back 
to within a level approximating the nor- 
mal dc output following a sudden change 
in load current. More exactly, Transient 
Recovery Time is the time “X” required 
for output voltage recovery to within 
“Y” millivolts of the nominal output 
voltage following a “Z” amp step change 
in load current - where: 
“Y” is specified separately for each 
model but is generally of the same or-  
der as the load regulation specification, 
the nominal output voltage is defined 
as the dc level half way between the 
static output voltage before and after 
the imposed load change, and 
“Z” is the specified load current 
change, normally equal to the full load 
current rating of the supply. 

\ I  
1 1  
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Options 
Options are mechanical and/or elec- 

trical modifications to standard instru- 
ments performed a t  the factory. Below 
is a list of all the options available on 
HP D C  Power Supplies. T o  determine 
which options are available for a par- 
ticular supply, refer to the appropriate 
product (pages 470-493).  
No. 
01 

02 

03 

04 

05 

Description 
208 5 1 0 %  V ac Input, 57-63 Hz.  
Input is factory wired for 208 V ac. 
230 & l o %  V ac Input, 57-63 Hz. 
Input is factory wired for 230Vac.  
460 & l o %  V ac Input, 57-63 Hz.  
Input is factoy wired for 460V ac. 
Cabinet Style with Casters. Di -  
mensions change to 1 7 ” W x 2 9 3 / ”  

c m ) .  
50 Hz AC Input Regulation Re- 
alignment. Standard instrument 
will operate satisfactorily a t  both 
60 and 50 H z  without adjustment. 
However, Option 05 factory re- 
alignment results in more efficient 
operation a t  50 Hz, and is recom- 
mended for all applications which 
involve continuous operation from 
a 50 H z  ac input. 

H x 2295’’ D (43,2 x 75,6 x 57,2 

06 

07 

08 

09 

10 

13 

14 

15 

26 

27 

28 

Overvoltage “Crowbar” Protector. 
Protects delicate loads against 
power supply failure or operator 
error. Compact, inexpensive, can 
be factory installed (only) a t  rear 
of power supply. Virtual short 
circuit (SCR crowbar) is placed 
across load within 10 microsec- 
onds after overvoltage margin is 
exceeded. 
Overvoltage Margin: 1 to 4 volts, 
screwdriver adjust. 
Power Requirement: 1 5  M A  con- 
tinuous drain from power supply 
being protected. 
Size: Add 5 inches to depth of 
power supply. 
Weight :  Add 2 Ibs. to net weight, 
4 Ibs. to shipping weight. 
Ten-Turn Output  Voltage Con- 
trol. Replaces concentric coarse 
and fine voltage control. 
Ten-Turn Output  Current Con- 
trol. Replaces concentric coarse 
and fine current control. 
Ten-Turn Output  Voltage And 
Current Controls. Same as O p -  
tions 07 and 08 on same instru- 
ment. 
Chassis Slides: Enables convenient 
access to power supply interior for 
maintenance. Chassis slides are at-  
tached to supply at  the factory. 
Three Digit Graduated Decadial 
Voltage Control: Includes 10-turn 
control replacing coarse and fine 
voltage control. 
Three Digit Graduated Decadial 
Current Control: Includes lo- turn 
control replacing coarse and fine 
current control. 
NO 5 V and ,075 A Meter Ranges: 
Model 6205B is available without 
the lower meter ranges, resulting 
in a $40 price reduction from the 
standard model. 
Rewire for 115 V Single-phase 
AC Input :  Supply as normally 
shipped is wired for 230 V ac in- 
put, and must be internally re- 
connected for 115 V ac operation. 
Rewire for 208 V Single-phase 
AC Input :  Supply as normally 
shipped is wired for 230 V ac in- 
put, and must be internally re- 
connected for 208 V ac operation. 
Rewire for 230 V Single-phase 
A C  Input: Supply as normally 
shipped is wired for 115 ac input, 
and must be internally recon- 
nected for 230 V ac operation, 
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LAB SERIES 
Laboratory bench dc power supplies 
Models 6200B-6209B 

6201 B$ 62028: 6203B 

62008, 6201B, 6202B 
6203B, 6207B, 6209B 

0-2OV DUAL 0-40V 

0-1.5 A RANGE 0-0.75 A 
105-125/210-250 V ac, 

0.01% plus 4 mV 
50-400 Hz, 0.9 A, 70 W 

62048. 62068 62058 

0-20 v 0-40 V 0-7.5 V 

0-1.5 A 0-0.75 A 0-3 A 
105-125/210-250 V ac, 105-125/210-250 V ac, 105-125/210-250 V ac, 
50-400 Hz, 0.8 A, 66 W 50-400 Hz, 0.8 A, 66 W 50-400 Hz, 0.9 A, 70 W 

0.01% plus 4 mV 0.01% plus 4 mV 5 mV 

LAB Series supplies, already regarded as the industry 
standard fo r  comparison because of their reliability, versa- 
tility, and performance specifications, have now been up- 
dated. T h e  glass epoxy printed wiring board now mounts 
all circuit components \ria plated- through holes; a new 
package design achieves greater rack-mounting rigidity and 
ease in assembly. N e w  production techniques result in im- 
proved reliability and lowered costs permitt ing Hewlett-  
Packard to  manufacture these instruments a t  a competitive 
price. 

0.03% plus 250 p A  
0.01% plus 4 mV 

0.01% plus 250 p A  
200 p V  rms 

All “B” version LAB Series supplies employ all-silicon cir- 
cuitry. In addition, on models 6200B,  6201B,  6202B,  and  
6203B, special circuitry has been included to increase the 
down-programming speed, thus making it commensurate 
with the up-programming capability. 

To further increase bench utility, multiple range meters 
have been included as standard on  all models. Switching the  
meter range switch to the “wrong”  position will result in n o  
damage to the meter or degradation of power supply per- 
formance. 

0.03% plus 250 p A  
0.01% plus 4 mV 0.01% plus 4 mV 3 mV 

0.03% plus 250 p A  0.03% plus 250 p A  

0.01% plus 250 p A  0.01% plus 250 p A  
200 p V  rms 200 p V  rms 200 p V  rrns 

0.01% plus 250 p A  

Output 
DC Current 

500 p A  rms 
200 ohms per volt 

1 Input 

500 p A  rms 500 MA rms 500 p A  rms 

200 ohms per volt 200 ohms per volt 200 ohms per volt 

Constant Voltage 

Constant Current 
Constant Voltage 

Constant Current 
Constant Voltage 

Constant Current 

Constant Voltage* 

Load regulation 

Line regulation 

Ripple and noise 

Remote programming constant currenti 500 ohms 1000 ohms 
per amp per amp 

I 
1000 ohms per amp 1000 ohms per amp 500 ohms per amp 

Overload protection 

Controls 

Off -On  Switch, Pilot Light, 
Concentric Coarse and Fine 
Voltage Control, Concentric 
Course and  Fine Cur ren t  
Control, Concentric Meter 
Range and Output Range 
Switch. 

3-5 V, 0-50 V, 0-.18 A, 0-1.8 A + Meter ranges 

Off-On Switch, Pilot Light, 
Concentric Coarse and Fine 
Voltage Control, Concentric 
Coarse and Fine Current 
C o n t r o l ,  M e t e r  R a n g e  
Switch. 

0-2.4 V, 0-24 V, 0-.18 A, 0-5 V. 0-50 V. 0-.09 A .  0-.9 A 
0-1.8 A 

Weight (Net/Shipping) 
Price $189 

Refer to page 469 for descriptions 

$169 I $169 

*Voltage programming coeff ic ient  accuracy 1 

Constant voltage/constant current circuit provides complete protection f o r i  
for any overload condition. In addition, continuously adjustable current l i m  
voltage operation and continuously adjustable voltage l imi t ing in constar 
tion provides optimum protection for the load device. 

Off-On Switch, Pilot Light, 
Concentric Coarse and Fine 
Voltage Control, Concentric 
Coarse and Fine Current 
C o n t r o l ,  M e t e r  Range  
Switch. 

I I ~~.~ r . _ _  T - ~ -  

06- $95 08-$25 13-$60 28-$10 
07-$25 09- $45 14-$60 

mv plus 2% of output voltage setting. t Similar Models are manufactured i n  Western Europe. 

9 power supply 
ing i n  constant 
current opera- 

Off-On Switch, Pilot Light, 
Concentric Coarse and Fine 
Voltage Control, Concentric 
Coarse and Fine Current 
C o n t r o l ,  M e t e r  Range  
Switch. 

14/19 Ibs. (6.34/8.60 kg) 3 
07-$25 13-$60 
08-$25 14-$60 I 09-$45 28-$10 



47 1 

14513A 
14523A 

LAB SERIES 
Laboratory bench dc power supplies 

Models 62006-6209B 

supply 
Rack Kit for mounting one 3%“ H supply 
Rack K i t  for mounting two 3%” H supplies 

$20.00 
$19.00 

Advantages 
All-silicon design 
Multiple range meter 
Remote programming and sensing 
High-speed programming 
Auto-series, auto-parallel, auto-tracking 
Oven oltage protection “crowbar” option 
Short circuit proof 
Front and rear output terminals 
Floating output 
RFI conformance to AZIIL-I-Gt81D 

0-160 V 

LAB Specifications 
Transient Recovery Time - Less than 50 psec for output recoiery 

to within 10 mv following a full load current change in output. 
Internal Impedance -Less than 0.02 ohm from DC to 1 kc. Less 

than 0.5 ohm from 1 kc to 100 kc. Less than 3.0 ohms from 100 kc 
to 1 mc. 

Cooling - Convection cooling is employed. No moving parts. 
Power Cord - 3-wrire, 5-foot power cord. 
Size- 3y2” ( 8 . 9  cm) H x 1278” ( 3 2  cm) D x 855” (21.6 cm) W 

Finish - Light gray panel with dark gray case. 
-Half rack width. 

0-320 V 

Rack  k i t  for m o u n t i n g  one s u p p l y  

Rack  k i t  for m o u n t i n g  two s u p p l i e s  

0-20 V DUAL 0 - 4 0 V  

0-0.6 A RANGE 0-0.3 A 

~~~ ~ 

Accessories: 

0-20 V TWO 0-40 V 0-30 V DUAL 0-60 V 

RANGE 
DUAL RANGE 

0-0.6 A OUTPUTS 0-0.3 A 0 -1  A 

Part Number I Description I Price 
C05 I 8 ’  black handle attached to side of 3%” H I $15.00 

105-125/210-250 V ac, 
48-63 Hz, 1.0 A, 60 W 

105-125/210-250 V ac, 
48-63 Hz, 1.0 A, 60 W 

High-speed Programming - Models 6200B, 6201B, 6202B, 
6203B; 30v/ms when programming in either direction between 
117 and maximum rated output; less than 2 ms between 0 and I v .  

Maximum Ambient Operating Temperature - T s0”C. 

105-125/210-250 V ac, 
50-400 Hz. 0.4 A, 24 W 

I 620461 I 62056 I 62066 
CONSTANT VOLTAGEKURRENT LIMITING 

105-125/210-250 V ac, 105-125/210-250 V ac, 
50-440 Hz, 0.5 A, 50 W 50-400 Hz, 1.0 A, 66 W 

0.01% plus 4 mV 0.01% plus 4 mV 0.01% plus 4 mV 

0.02% plus 2 mV 0.02% plus 2 mV 0.01% plus 4 mV 0.01% plus 4 mV 0.01% plus 4 mV 

I I I 

200 p A  200 p A  
500 p V  rms 1 mV rms 

I 0-0.1 A 
~~ 

0-0.2 A 

200 p V  rms 200 p V  rms I 200 p V  rms 

Ud2% plus 2 mV I 0.02% plus 2 rnv 

200 ohms per volt 

200 uA I 200 u A  

200 ohms per volt 300 ohms per volt 300 ohms per volt 

75 K ohms per amp 

300 ohms per volt 

150 K ohms per amp 

200 uA rms 200 uA rms I 

Fixed current l imi t  provides 
complete protection for any 
overload condition. This l imi t  
is  set at approximately 700 
m A  for the 20 volt range and 
350 mA for the 40 volt range. 

Fixed current l imi t  provides 
complete protection for any 
overload condition, This l imi t  
is set at approximately 700 
mA for the 20 volt range and 
350 mA for the 40 volt range. 

Fixed current l imi tprov ides 
complete protection for any 
overload condition. This l imit 
is set for approximately 1.2 A 
for the 30 volt range and 
600 mA for the 60 volt  range. 

Same as 62008 

Off-On Switch, Pilot Light, 
1 0 - t u r n  Voltage Control, 
Concentric Coarse and Fine 

Off-On Switch, Pilot Light, 
I O - t u r n  Voltage Control, 
Concentric Coarse and Fine 

Off-On Switch, Pilot Light, 
Concentric Coarse and Fine 
Voltage Control, Concentric 
Meter Range and Output 
Range Switch. 

0-5 V, 0-50 V, 0-.075 A, 0-.75 A 

10/13 Ibs. (4.53/5.89 kg) 

$144 
06-$95 13-$60 
07-$25 28-$10 

Combined Pilot Light and Off-On Switch, Pilot Light, 
On-Off Button, Two Concen- Concentric Coarse and Fine 
l r i c  Coarse and Fine Voltage Voltage Control, Concentric 
Controls, Two Concentric Meter Range and Output 
Meter Range and Output Range Switch. 
Range Switches. 

0-5 V, 0-50 V, 0-.075A, 0-.75A 0-7 V, 0-70 V, 0-.12 A, 0-1.2 A 

10/13 Ibs. (4.53/5.89 kg) 12/17 Ibs. (5.43/7.70 kg) 

$235 $169 
06-$190 13-$140 06-$95 13-$60 
07- $50 28- $10 07-$25 28-$10 
15- Deduct $40 

C u r r e n t  Con t ro l ,  Me te r  
Range Switch. 

14-$60 

C u r r e n t  Contro l ,  Me te r  
Range Switch. 

tCurrent programming coefficient accuracy 6% o f  current ra t i ngp lus  10% of output  c i r r e n t  setting. 

0-20 V, 0-200 V, 0-24 mA, 
0-240 mA 

0-40 V, 0-400 V, 0-12 mA, 
0-120 mA 

13/18 Ibs. (5.89/8.15 kg) 

$194 

13/18 Ibs. 15.89/8.15 kg) 

$194 
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C05 

14513A 

65 15A 

8" black handle attached to side of 3%" H 
supply. Standard on 5%'' H supplies 

Rack kit  for mounting one 3%'' H supply 

$15.00 

$20.00 

6516A 

14523A 

14525A 

-Rack hit  for mounling two 3%" H supplies 

Rack k i t  for mounting two 5%'' H supplies 

Advantages Specifications 

$10.00 

$12.00 

- 

All-silicon semiconductor circuitry-no tubes 

Short-circuit-proof-current limit circuit 

Low output impedance at all frequencies 

100 psec load transient recovery 

No overshoot for  turn-on, turn-off,  or power removal 

Floating output-can be used as positive or negative 

Adjustable to  zero volts fo r  curve plott ing and gradual 

source 

turn-on of delicate loads 

Accessories 

Rack kit f o r  m o u n t i n g  one s u p p l y  

Rack kit for m o u n t i n g  two s u p p l i e s  

I PART NO. 1 DESCRIPTION I PRICE 1 

I 14515A I Rack k i t  for  mounting one 5%" H supply $23.00 I 

Output: 6515A-0-1600 V~ dc, 0-5 milliamps. 6516A-0.3000 V dc, 
0-6 milliamps. 

Input: 6515A-105.125 V ac, single phase, 60 f O . 3  Hz (cps). 162 
mA, 19 watts max. 651619--105-125 V ac, single phase, 57-63 Hz. 
1.0 amp, 40 watts max. 

Load regulation: Less than 0.01% or 16 millivolts (whichever is 
greater). 

Line regulation: Less than 0.01% or 16 millivolts (whichever is 
greater). 

Ripple and noise: Less than 2 mV rms. Less than 5 mV peak-to- 
peak. 

Temperature coefficient: Less than 0.02% plus 2 millivolts/"C. 
Stability: The total drift for 8 hours (after 30 minutes warmup) at 

Temperature rating: Operating: 0 to 50°C. Storage: -20 to 

Output im peda nce: 

a constant ambient is less than 0.05% plus 5 millivolts. 

t 8 5 " C .  

Less than 32 ohms from dc to 30 Hz (cps). 
Less than 8 ohms from 30 Hz to 100 kHz. 
Less than 2 ohms from 100 kHz to 1 MHz. 

Controls: 6515A-Sixteen position rotary switch adjusts the output 
T-oltage in 100-volt steps; a 10-turn vernier permits continuous 
adjustment with a 100 mV resolution over any 100-volt span. 
6516A-Four-digit front panel voltage programmer with 1-volt 
resolution. 

Meters: A 0.1800 Volt voltmeter is included on the front panel of 
the 6515A. The 6516A has a 0-3500 Volt voltmeter. 

Size: 6515A--81/2" (21.6 cm) W x 395'' (8.9 cm) H x 11-13/16'' 
( 3  cm) D. 6516A-SX" (21.6 cm) W x 5 % "  (12.8 cm) H x 
14" (35.6 cm) D. 

Weight: 6515.4-12 pounds (5,44 kg) net, 15 pounds (6 , s  kg) 

6516A-i7 pounds (7 ,71 kg) net, 20 pounds (9,07 kg) shipping. 
Finish: Light gray front panel with dark gray case. 
Power cord: A 3-wire 5-foot (1,52 m )  power cord is provided 

Price: 65 15A-$235.00, 65 16A-$295.00. 
Options: 

shipping. 

with each unit. 

05. 50 Hz ac input: Supply as normally shipped is wired for 60 
Hz operation; Option 05 includes internal rewiring and re- 
testing. Available on Model 6516A only. Add: $50. 

13. Calibrated Decadial. This calibrated 10-turn potentiometer re- 
places the front panel 10-turn vernier to provide resettability 
within 0.1%. Add $35.00. Available in Model 6515A only. 

28. Rewire for 230 V, single phase ac input. Unit as normally 
shipped is wired for 115 V ac input and must be internally 
reconnected. Available on Model 6516~4 only. Add $50. 
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MPM SERIES & MODEL 721A 
Medium power modular dc supplies 

Models 6220B-6226B and 721A 

The MPM Series consists of compact Constant Voltage,/Constant 
Current dc power supplies suitable for either bench or rack opera- 
tion. They are packaged in one-third rack width modules for use in 
the modular enclosure system, described on pages 568 and 569. MPM 
supplies are designed to satisfy the need for 3 general purpose and 
reliable source of power for engineers experimenting with transistor 
circuit design. 

Models 6224B and 6226B possess all of the advantages of the 
preceding " A '  versions of these models plus the following improve- 
ments: 

a. Increased output voltage. 
b. Ten-turn voltage and current controls for better output setta- 

c. hfultiple range meter for increased bench utility. 
d .  Special circuitry for faster programming. 
e. All silicon semiconductors for greater reliability. 
In addition 3 dual range supply, Model 6220B has been added 

to the series. This supply can be used as 3 0-25 volt source at 0-1.5 
amps or a 0-50 volt source at 0-0.75 amps. 

Model 721A is designed to produce regulated dc voitages for 
transistor investigation. An outstanding feature of this supply is a 
circuit which limits the output current to a nominal value determined 
by a front-panel switch. In case of accidental overloads, this feature 
can prevent costly damage to transistors under test. 

bility. 

0 1% plus 7 5 mA 

CV = Constant Voltage CC = Constant Current 

Output impedance: rating information for operation between 50°C and 71°C); 
storage: -20°C to t 8 5 " C .  

Controls: MPM Series-Ten-turn output voltage and current con- 
trols permit continuous adjustment over entire output span. Switch 

D C  to 100 Hz - less than 0.001 ohm, 100 Hz to 1 kHz - less than 
O.O1 Ohm, 

1 MHz - less than 2 ohms. 
kHz to  loo kHz-less than o.2 Ohm, loo kHz 

Transient recovery time - MPM Series: less than 50 @seconds 
is required for output voltage recovery in constant voltage opera- 
tion to within 10 millivolts of the nominal output voltage follow- 
ing a change in output current equal to the current rating of the 
supply. The nominal output voltage is defined as the mean between 
the no load and full load \.oltages. 

Temperature ratings: operating: 0-50°C (consult factory for de- cm H x 17.5 cm W x 13.3  cm D )  

/ 
selects front panel meter voltage or current scale. 

Model 721A - Six-position rotary switch selects current or vol- 
tage meter range. Four-position rotary switch selects maximum 
output current. 
Finish: light gray panel with dark gray case. 

Size: hlPM Series: 6%'' H x 59'8" W x 11" D (15.9 cm H x 13  cm 
W x 28 cm D ) ;  Model 721A: 434" H x 7" W x 5%'' D (11.2 
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MPB-3 

MPB-5 

T h e  MPB-3  and MPB-5  Series of dc  power supplies are 
highly regulated, medium power, Constant Voltage/Con- 
stant Current bench models. All  include multiple range 
meters and provision for Remote Sensing, Remote Program- 
ming, Auto-Series, Auto-Parallel, and Auto-Tracking opera- 
tion. 

T h e  D P R  Series includes five different models, each con- 
taining two identical M P B - 3  supplies mounted in a full rack- 
width chassis, All D P R  features and specifications are iden- 
tical to the MPB-3  with the exceptions listed on  the follow- 
ing page. 

Advantages: 
Short circuit proof 
Constant voltage/constant current operation with 

automatic crossover 
Multiple range meters 
Floating output 
All silicon circuitry 
Front and rear output terminals 
No overshoot on turn-on, turn-off, or power remoLal 
Easily rack mounted 
Oven oltage protection "crowbar" option 
Auto-series. auto-parallel, auto-tracking 

MPB-5 Specifications 

a n y  l o a d  cond i t i on  w i t h i n  

Refer to page 469 for description 

CV load regulat ion given for  rear terminals only. A t  f ront  terminals CV load regulat ion is 0.5 mv per amp greater due to f ront  terminal resistance, 
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Specifications 
Model 

DC Voltage 
DC Current 

Output 

Input:  105-125/210-250 VAC, 50-400 Hz 

*Load regulation: 
The Constant Voltage Load Regulation 
is given for a load current change 
equal to the current rating of the 
supply. The Constant Current Load 
regulation is given for a load voltage 
change equal to the voltage rating of C C 
the supply. 
Line regulation: C V 
For a change in  line voltage from 105 
to 125 (or 125 to 105) at any output C C 
voltaee and current within ratine. 

C V 

DPR Models 6251A-6258A 

MPB-3 DPR MPB-3 DPR MPB-3 DPR MPB-3 DPR MPB-3 DPR 
6281A 6251A 6284A 6253A 6289A 6255A 6294A 6257A 6299A 6258A 

0-7.5V 0-2ov 0-40V 0-60V 0-1oov 
0-5A 0-3A 0-1.5A 0-1A 0-750 mA 

1.3A 2.6A 1.5A 3 A  1.3A 2 .6A 1 .3A 2 . 6 A  1.5A 3 A  
118 W 236 W 128 W 256 W 110 W 220 W 114 W 228 W 135 W 270 W 

5 mV 0.01% plus 4 mV 0.01% plus 2 mV 0.01% plus 2 mV 0.01% plus 2 mV 

0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 p A  

0.01% plus 2 mV 0.01% plus 2 mV 0.01% plus 2 mV 0.01% plus 2 mV 0.01% plus 2 mV 

0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 p A  0.01% plus 250 pA 

Output impedance: 
D C  to 100 cps - less than 0.001 ohm 
100 cps to 1 Kc - less than 0.01 ohm 
1 Kc to 100 Kc - less than 0.2 ohm 
100 Kc to 1 megacycle - less than 2 ohms 

Controls: Concentric coarse and fine output voltage and current 
controls permit continuous adjustment over entire output 
span. Models 6258A and 6299A incorporate a 10-turn front 
panel voltage control in lieu of the concentric coarse and fine 
voltage controls. Switch selects front panel meter voltage or 
current scale. 

Finish: Light gray panel with dark gray case. 
Accessories: Same as H V B  Series. Refer to page 00. 
Transient recovery time: Less than 50 pseconds is required for 

output voltage recovery in constant voltage operation to 

Ripple and noise: C V  
At any line voltage and under any load 
condition within rating. C C  
Remote programming: C V 
All Programming terminals are located 
on rear barrier strips. C C 
Meter ranges 

Weight: (Net/Shipping) Ibs. 
kg 

Price 

within 15 millivolts of the nominal output voltage following 
a change in output current equal to the current rating of the 
supply or 5 amperes, whichever is smaller. The nominal out- 
pu t  voltage is defined as the mean between the no  load and 
full load voltages. 

Temperature ratings: 
Operating: O-5O0C (consult factory for derating information 

Storage -20OC to +8S°C 

MPB-3 - 3’/2” H x 8%“ W x 1 4 % ”  D 

for operation between 5O0C and 71OC) 

Size: 

- 8.9 cm H x 21.8 cm W x 36.8 cm D 

- 13.3 cm H x 21.8 cm W x 40.7 cm D 
- 3%” H x 14%” D x 19” W 
- 8.9 cm H x 36.8 cm D x 48.3 cm W 

MPB-5 - 51/4’’ H x 8%‘’ W x 16” D 

D P R  

200pV RMS 200 p V  RMS 200 pV RMS 200 p V  RMS 200 p V  RMS 

4 m A  RMS 2 mA RMS 500 p A  RMS 500 p A  RMS 500 p A  RMS 
200 ohms per volt 200 ohms per volt 200 ohms per volt 300 ohms per volt 300 ohms per volt 

200 ohms per amp 500 ohms per amp 500 ohms per amp 1000 ohms per amp 1000 ohms per amp 
0-.9 v ,  0-9 v, 0-2.4 V, 0-24 V, 0-5 V, 0-50 V, 0-7 V, 0-70 V, 0-12 V, 0-120 V, 
0-.6 A, 0-6 A 0-.4 A, 0-4 A 0-.18 A, 0.1.8 A 0-.12 A, 0-1.2 A 0-.1 A, 0-1 A 

14/19 28/35 14/19 28/35 14/19 28/35 14/19 28/35 15/20 30/40 
6,4/8,6 12,7/15,8 6,4/8,6 12,7/15,8 6,4/8,6 12,7/15,8 6,4/8,6 12,7/15,8 6,8/9,1 13,6/18,1 

$210 $445 $210 $445 $210 $445 $210 $445 $225 $445 
Options: 06 
Refer to page 469 for details MPB-3 

DPR 

- 1 - I $95 1 $190 1 $95 1 $190 1 $95 1 $190 I $95 1 $250 
07-$25 08-$25 09- $45 13-$60 14- $60 28-$10 

07-$50 08-$50 09-$90 10-$125 13-$120 14-$120 28-$10 
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Model 

DC output 

Load regulation: Front 
F~~ full rated output terminals 
current change Rear 

terminals 

Line regulation : 
For line input change 
from 105-125/210-250 

Models 6 1 0 1 A .  6 1 0 6 A  Models 6110 A .  6 1 1 6 A  

6101A 6102A 61066 61 1 OA 6111A 611EA 8113A 6116A 

0-2ov 0-40V 0-1oov 0-3OOOV 0-2ov 0-40V 0-1ov 0-1oov 
0-1A 0-500mA 0-200mA 0-6mA 0-1A 0-500mA 0-2A 0-200mA 

0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 
plus 600 MV plus 350 p V  plus 200 p V  plus 100 p V  plus 600 p V  plus 350 p V  plus 1.1 mV plus 200 p V  

0.001% (10ppm) + 100 p V  ~ _ _ _  Same as 6101A 0.001% (10ppm) + 100 pV 

0.001% (10ppm) 0.001% (1Oppm) 0.001% (1Oppm) 

40 p V  RMS 
100 pv P-P 

Ripple and noise 40 p V  RMS 400 p V  RMS 40 pV RMS 40 p V  RMS 
100 p V  P-P 1 mV P-P 100 p v  P-P 100 pv P-P 

Temperature Front panel 
coefficient: control 
Output voltage change 
W 0 C  after 30 minute ;&%mming 
warm-up. 

0.001% (1Oppm) + 10 p V  

0.005% (50ppm) 0.005% (50ppm) 0.005% (50ppm) 0.001% (10ppm) 
plus 30 p V  plus 50 p V  plus 100 p V  plus 50 p V  

0.001% (10ppm) 0.001% (10ppm) 0.001% (10ppm) 
plus 10 p V  plus 10 pV plus 50 p V  ---- 

0.001% (10ppm) 
plus 10 pv 

Stability : Front panel 
Total driftafter30 minute control 
warm-up and with 3 O C  R~~~~~ 
ambient variation. Droarammina 

Output impedance 

I I 

For 8 hrs. For 8 hrs. For 8 hrs. For 8 hrs. For 8 hrs. For 8 hrs. 
0.01% + 300 p V  0.01% + 500 p V  0.01% + 1 mV 0.01% + 500 pv o.ol% + 100 pv 

For 1 month 
0.012% + 600 p V  0.012% + 120 pV 

0.01% + 100 pv 

0.012% + 120 pv For 8 hrs. - 0.01% + 100 p V  
For 1 month - 0.012% + 120 LIV 

For 1 month For 1 month 

DC - 100 Hz; <0.002 0 
100 HZ - 1 kHz; <0.020 
1 kHz - 100 kHz; <0.5R 
100 kHz - 1 MHz; < 3 R  

At 3000 V 
DC - 1000 Hz; DC - 100 Hz; <0.002 0 
<50 0 Same as 100 Hz - 1 kHz; <0.02R 
At 3 V Model 6101A 1 kHz - 100 kHz; <0.5R 
DC - 100 Hz; 100 kHz - 1 MHz; < 3 R  
<0.05 R 

Meters ranges 
Single meter with switch 
to select scale 

Remote programming: 

are located on rear barrier strip 
All programming terminals 

0-2.5V/0-25V 0-5V/0-50V 0-12V/O-l20V 0-35OOV 0-2.5V/0-25V 0-5V/0-50V 0-1.2V/O-l2V 0-12V/O-l20V 
0-120rnA/O-1.2A 0-60mA/O-600mA 0-25mA/O-250mA 0-7mA 0-120mA/O-1.2A 0-60mA/O-600mA 0-250mA/0-2.5A 0-25mA/O-250mA 

Coefficient - 1000 ohms per volt 
Accuracy - 0.1% plus 1 mV 

Resettability - 0.01% + 200 p V  

Same as 
Model 6101A 

coefficient - 1000 ohms per volt 
Accuracy - 0.1% plus 1 mV 

Resettability - 0.01% + 200 p V  
-_-- 

Inches 

Centimeters 
Size 

I I I I 

8%W X 3%H X 12%D X 16D X 12%D 8%W X 51/H X 12%D 

21,6W X 8.9H X 32D X 40,6D X 32D 21,6W X 14H X 32D 

8%W X 5%H 

21,6W X 14H 

8%W X 5%H 

21,6W X 14H 

1 I I I I I I I 
*No charge if ordered with option 28 

Weight: Pounds 
Netishipping 

Price 

Options: 
Refer to p. 469 for description. 

Kilograms 
10/13 10/13 10/13 19/23 11/15 11/15 11/15 11/15 
4,5/5,9 4,5/5,9 4,5/5,9 7,7/10,4 5,0/6,8 5,0/6,8 5 ,0/6 ,8 5,0/6,8 

$265 $265 $265 $495 $375 $375 $315 $375 

06 - $95 06 - $95 06 - $95 *05 - $50 06 - $95 06 - $95 06 - $95 06 - $95 
28 - $10 28 - $10 28 - $10 28 - $50 28 - $10 28 - $10 28 - $10 28 - $10 
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Specificat ions 

AC input: Model  6 l l O A -  105-125 Vac, 57-63 Hz, l A ,  
50 W. Othe r  Models - 105-125/210-250 Vac, 48-63 Hz, 
0 .5A,  5 2 W .  

Low output dr i f t  and temperature coefficient, 

Low output  ripple 

Low output impedance 

H i g h  accuracy remote programming (except 61  1 0 A )  

Remote error sensing (except 6 1 1 0 A )  

No overshoot on  turn-on, turn-off, or power removal 

Output  continuously adjustable to zero volts 

H i g h  output voltage resolution - ten-turn coarse and 
one-turn fine control ( 6 l O l A ,  6102A and 6 l O 6 A )  

In-line >-digit  thumb-wheel  voltage programmer 
( 6 1 1 0 ~ 4 ,  6 l l l A ,  6112A,  6113A, 6 l l 6 A )  

All  silicon design 

Positive or negative output 

Short  circuit proof 

Continuously variable current limit control 

Output  voltage and current metering 

Easily rack mounted fo r  systems applications 

Auto-series and auto-tracking operation 

Multiple range meter 

Resettability - 0.017~ + 200 ILV 

Description 
T h e  STB Series of high stability dc  bench supplies has 

been designed fo r  those applications requiring performance 
an order of magni tude better than well-regulated laboratory 
supplies. T h e  performance advantages of the STB Series exist 
with regard to virtually every important aspect of power 
supply performance - ripple,  stability, temperature coeffi- 
cient, output resolution, programming accuracy, load and 
l ine regulation. 

T h e  all-silicon circuit uses as its reference element a tem- 
perature-compensated zener diode having a temperature 
coefficient of 20 p p m / " C .  A high gain feedback amplifier 
employing a "diff-amp" (matched silicon differential ampli-  
fier package) monitors and controls the output voltage. 
Critical components, including the zener reference diode 
and low level portions of the feedback amplifier, are en- 
closed in an oven which is temperature-controlled entirely 
with solid-state components - no moving parts to wear out .  

Models  6111A,  6112A,  6113A,  and 6 l l 6 A  are similar 
to models 6 1 0 l A ,  6102A and 6106A except fo r  the built-in 
5-digit thumb-wheel  voltage programmer,  

Model  6 l l O A  is a high-voltage high-stability supply that 
is all silicon ( n o  tubes) and also can provide a positive o r  
negative output.  T h e  6 l l O A  is ideally suited fo r  high-voltage 
photomultipliers requiring an exceptionally stable power 
source. It can also be used as a 0-3000 volt calibrator. 

Temperature ranges: operating: 0 to  5Ooc.  
storage: -2OOC to +85OC. 

Transient recovery time: less than 50  p e c o n d s  is required for  
output voltage to recover to within 10 millivolts of the 
nominal output voltage following a full  load change in 
output current. 
Less than 100  p e c o n d s  is required fo r  output voltage re- 
covery to within the load regulation specification. 
T h e  nominal output voltage is defined as the means be- 
tween the no  load and ful l  load voltage. 

Controls: 6 l O l A ,  6102A & 6106A-A 1 0  turn pot permits 
continuous adjustment of the output voltage over its en- 
tire range. A single-turn pot allows fine t r imming of the 
output voltage; resolution is 100  pV +0.002$& of the 
output voltage. A single-turn front-panel pot permits the 
current limit setting to  be varied continuously f rom zero 
to a value slightly in excess of the full  current rating. 
6110A,  6 l l l A ,  6112A, 6113A & 6116A-An in-line 5- 
digit ( thumb-wheel) voltage programmer permits control 
of the output voltage with an  accuracy of 0 .1% $1 m V  
( 6 l l O A  is 0.1% + l o o  m V  and 6113A is 0 .1% + 1 0  
, V )  of the output voltage. Resolution is 100 pV (except 
b l l O A ,  which is 10 m V ) .  T h e  6 l l l A ,  6112A, 6113A & 
6 l l 6 A  have a single-turn front panel pot that  permits the 
current limit setting to  be varied continuously f rom zero 
to  a value silghtly in excess of the full  current rating. T h e  
6 l l O A  has a fixed current limit built-in to the supply. 

Overload protection: an all electronic, continuously acting 
current limit protects the power supply for  all overloads 
regardless of h o w  long  imposed, including a direct short 
circuit across the output terminals. 

Output terminals: T h e  d c  output of the supply is floating; 
thus, the supply can be used as either a positive or negative 
source. Terminals fo r  + O U T ,  - O U T ,  and GND are 
provided on  both the front  and back of t he  supply (ex-  
cept 6 l l O A  which has front terminals on ly ) ,  In addition, 
the rear barrier strip includes terminals for  remote pro-  
gramming,  remote sensing, Auto-Series, and Auto-Track- 
ing operation (except 6 l l O A )  ~ 

Cooling: convection cooling is employed. T h e  supply has no  
moving parts. 

Finish: light gray front  panel with dark gray case. 

Power cord: a +wire 5-fOOt power cord is provided with 
each unit .  

Accessories: same as H V B  Series. Refer to page 472. 
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RlSON 6177A DC PO 
ET7 * PACKARO 0- 

Model 6177A 

Description 

W i t h  the CCB Series, Hewlett-Packard has achieved a 
new concept in moderately priced, precision regulated con- 
stant current DC power supplies. These instruments, which 
employ all-silicon semiconductor circuitry, are much smaller 
and lighter than any constant current supplies of similar 
output rating now on the market,  Thei r  ripple, regulation, 
and dr i f t  characteristics are orders of magnitude better than 
comparably priced constant current supplies. 

Placing a voltmeter across the output terminals of a 
standard constant current power supply degrades the load 
regulation and diminishes the load current. T h e  CCB Series 
eliminates this error by using an operational amplifier to 
feed the front  panel voltmeter. This  “replica” of the output 
voltage is also presented on rear terminals for  possible con- 
nection to a more accurate differential or digital voltmeter, 
thus increasing the utility of these constant current supplies 
fo r  component testing and sorting systems. 

T h e  use of a three-position output range switch and 10- 
turn output control result in resolution down to 0.1 pa; 
special attention has been given to circuit details so that 
well regulated performance is maintained down to these 
low output currents. 

A considerable number of design precautions contribute 
to the dc  isolation and ac shielding properties which are 
necessary for  a high performance constant current supply. 
A double box shield technique insures a completely shielded 
ac power transformer primary; an additional shield is added 
around the outside of the transformer. Internal guard ing  
techniques prevent switches and other components within the 
power supply f rom contributing to leakage and coupling 
paths which would degrade output performance. 

Applications 
Precision performance, low price, and small size and 

weight, combine to  make CCB Series supplies useful as gen-  
eral purpose laboratory constant current sources for semi- 
conductor circuit development and component evaluation. 

In addition, the stability and rapid remote programming 
characteristics lend these same instruments to diverse appli-  
cations; such as component  testing and sorting zener diodes, 
diodes, transistors, SCR’s, resistors, relays, meters; and pre-  
cision electroplating, precision electromagnets, etc. T h e  ca- 
pability of superimposing output ac modulation or of apply- 
ing a varying dc voltage input  permit CCB supplies to  be 
used fo r  measurement of such characteristics as dynamic 
impedance, voltage breakdown, and leakage resistance. 

Advantages 
Precision constant current regulation 
Rapid programming 
Output  useful to microampere region 
All-silicon circuitry-no tubes 
Compact mechanical design-small size, l ight-weight 
H i g h  speed, full  range voltage compliance 
H i g h  output impedance over wide frequency band 
Ammeter  scales ganged to  output range switch 
Remote programming using resistance or voltage con- 

Can be modulated f rom external ac source 
Continuously variable voltage limit 
Auto parallel operation 
Front and rear output terminals 
Floating output can be used as positive or negative 

No overshoot for  turn-on, turn-off, or power removal 
Rack mounting hardware available 
Rear terminals for  monitoring output voltage 

trol 

source 
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MODEL 6177A 

Specifications 

6181A 6186A 

I Price I $425 I $425 I $425 I 
~~ 

*Other programming coeff ic ients can be achieved using external current mon i to r ing  shunts connected t o  rear terminal  barr ier  str ip.  Full discussion of tech- 
niques and possible l imi tat ions included in  Instruct ion Manual. 

AC input: 105-125/210-250 VAC, 48-63 Hz,  0.7~4, 60W. 

Load regulation: Less than 10 p p m  of output + 5 p p m  of  
range switch setting for  a load change resultinb 7 in ' an out- 
put 1,oltage change f rom zero to maximum rated output.  

Line regulation: Less than 10 ppm fo r  a change in line voltage 

Rrns ripple & noise: Less than 100  p p m  of output + 20 p p m  

Transient recovery time: Less than 200 ius for output current 
recovery to within 0 . l c &  of the nominal output current 
following a full  load change in output voltage. 

f rom 105-125 VAC. 

of range switch setting, 

Current programming speed: Less than 500 p e c  from zero 
to 0.99 of maximum output  current with an  accuracy of 

Temperature coefficient: Less than 70 p p m  of output + 5 

Stability: Less than 100 p p m  of output + 2 5  p p m  of range 
switch setting. Stability is measured for  eight hours after 
30 minutes warm-up under conditions of constant line, 
load, and temperature, 

Temperature rating: Opera t ing :  0 to 5 5 O C .  
Storage: -40 to +85"c. 

Load protection: T h e  continuously variable voltage limit cir- 
cuit protects both the supply and the load f o r  all conditions 
including an open circuit load. 

Controls: Three-position output current and meter range 
switch, 10-turn output current control, voltage limit con- 
trol, meter switch, power switch, and pilot light. 

1%. 

p p m  of range switch setting per degree C. 

Output terminals: A positive and negative output terminal 
are included on the front  panel, as well as a ground ter- 
minal.  T h e  supply may be operated floating or either side 
may be grounded. A rear panel barrier strip includes out- 
pu t  terminals and other terminals necessary for remote 
programming,  ac modulation, and other control functions. 
T w o  rear terminals provide a "replica" of the output volt- 
age for connection of a differential o r  digital voltmeter- 
1 m A  maximum current, accuracy settable to within 5 mV 
of the output voltage. 

TYPICAL OUTPUT IMPEDANCE (OHMS) 

RANGE(MA) 1 750 75 I 7 . 5  I 300 I 30 I 3 1 100 1 10 I 1 

Dc to  100 Hz 
100 Hz to 1 kHz '1 MR 1 kHz to 10 kHz 2100 k n  

10 kHz to 100 kHz 2 10 k R  

I 25M I '50M I '500M I 2 2 0 M  I 'ZOOM I 'ZGI 'ZOOM I Z Z G  1'20G 

100 kHz to 1 MHz 2 100 n 

Size: 3Y2" (89 m m )  H x 8Y2" (216 m m )  W x 125/s" (321  
m m )  D. Package size is half rack width and is easily rack 
mounted using accessories listed below. 

Finish: Light gray front panel with dark gray case. 

Power cord: A three-wire, 5 f t .  (1 ,52 m )  power cord is pro- 

Option 14: Three  digit graduated decadial current control. 
This  calibrated 10-turn potentiometer replaces the front-  
panel 10-turn vernier to provide resettability within 0.1 "/c 
Add $35.00. 

Option 28: Rewire f o r  230 V, single phase ac input.  Unit  as 
normally shipped is wired for  115 VAC input and must 
be internally reconnected, Add  S1O. 

vided with each unit ,  

Accessories: Same as HVB Series. Refer to page 472. 
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I 6388A 

The ICs Series of well regulated dc constant voltage/ 
constant current power supplies are specifically designed 
for use with integrated circuits, micromodular circuits, and 
other low voltage semiconductor circuitry. Included in these 
rack-width instruments is an overvoltage “crowbar” protec- 
tion circuit. If for any reason an incipient overvoltage con- 
dition occurs, this completely independent circuit shorts the 
output terminals with an SCR crowbar within 10 p. 

A temperature compensated zener diode is employed as 
the reference element in all-silicon series regulator feedback 
circuit which monitors and controls the output voltage. The 
resulting low ripple and low output impedance permit these 
supplies to be used in critical applications where less well 
regulated supplies are not suited. 

These supplies are short circuit proof and will not be 
damaged by any overload regardless of how long imposed, 
The output is floating - thus the supply can be used as 
either a positive or negative source. 

6384A 

3 

All silicon semiconductor circuitry 
Low output drift 
High degree of output resolution 
Low peak to peak ripple and noise 
Low output impedance at all frequencies 

Advantages 
200 psec load transient recovery 
No overshoot for turn-on, turn-off, or power removal 
Floating output-can be used as positive or negative source 
Fully rated for any overload condition including continuous 

short circuit operation 
Additional Advantages, 

Remote programming - voltage and current can be con- 

Remote error sensing 
Continuously variable output voltage and current - no 

range switching 
Auto-series, auto-parallel and auto-tracking operation 
Constant voltage/constant current operation with auto- 

matic crossover; Model 6384A - constant voltage/ 
current limiting 

trolled by external resistance or voltage 

Models 6385A-6388A 
Front panel coarse and fine voltage and 

current controls 
Both voltage comparison amplifier and current 

comparison amplifier employ “diffamps” 
(matched silicon differential amplifier package) 
for improved stability 

operation 
Sharp cut-over from constant voltage to constant ( 

Front panel voltmeter and multiple-range ammeter 

:urrPnt 



48 1 

MODEL 6384A* 

output 

Input 115/230 V ac*lO% 
48-63 HZ 

DC Voltage 4- 5.5 v 
DC Current 0-8 A 

1.35 A, 120 W rii 115 V ac 

6385A 6386A 6387A 6388A 
0- 7.5 V 0- 7.5 V 0-7.5 V 0-7.5 V 
0-15 A 0-30 A 0-60 A 0-120 A 

115/208/23OVac+lO% 115/208/230V ac+lO% 115/208/23OVac*lO% 208/230 V ac+lO% 
~~ 

Remote programming 
All Programming CV 
terminals are located 

CV indicates constant voltage. C C  indicates constant current. *Model 6384A i s  a constant voltage 'current limit supply. 

Load regulation: 
CV-Less than 1 m V  f rom n o  load to  fu l l  load. 
CC-Less than 0 . 0 3 %  + 2 m A  of output f rom no load to 

full  load. 
Line regulation: 

CV-Less than 1 m V  fo r  a 10% change in the nominal 

CC-Less than 0 . 0 3 %  + 2  m A  for  a 10% change in the 

Transient recovery time: Less than 200 p e c o n d s  ( 5 0  ps for  
6 3 8 4 A )  is required for  output voltage recovery in con- 
stant voltage operation to  within 50 millivolts (10 m V  fo r  
6 3 8 4 A )  of the nominal output voltage following a 20% 
change in output current,  T h e  nominal output voltage is 
defined as the  mean between the n o  load and full  load 
voltages. 

Temperature coefficient: Output  change per degree centi- 
g rade  change in ambient following 30  minutes warm-up 

line voltage. 

nominal line voltage. 

c v - 0 . 0 1 9  +200 pv 
CC-0.01% + 10 m A  

Stability: Under  constant ambient conditions, total drift  for 
8 hrs.  following 30 minutes warm-up 

CV-o.03yo + 1 mV,  except 10 m V  fo r  6384A 
CC-0.03% + 30 m A  

Output terminals: A rear barrier strip includes GND, +out ,  
-out, +sensing, and  -sensing terminals. 
Either side of the supply may be grounded or the output 

may be operated floating at potentials of up  to 300 V 
off ground.  

Models 6385A,  6388A include monitoring output ter- 
minals mounted on  the front  panel ( 3  amps m a x i m u m ) .  

Finish: Light gray f ron t  panel with dark gray case. 
Power cord: A three wire 5 f t .  ( 1 .52  m )  power cord is pro- 

vided on  all models except 638?A and 6388A which have 
a rear barrier strip. 

Accessories, Model 6384A: Same as H V B  Series. Refer to 
page 472. 

Ripple and noise: At any line voltage and any load condition 

within rating 
CV-5mV p-p,  1 m V  rms 
CC-5omA rms 

Temperature rating: Operating: 0 to 55OC 

Output im peda nce: 

Storage: -40 to + ? l 0 C  

Less than 0 .001  o h m  f rom dc  to  1 0 0  Hz 
Less than 0.01 o h m  f rom 100 Hz to 1 kHz 
Less than 0.05 ohm f rom 1 kH2  to 1 0  kHz 
Less than 0 .2  o h m  from 1 0  kHz to 100 k H z  
Less than 2 ohms f rom 100  kHz to 1 M H z  

Short circuit protection: T h e  output  is current limited and 
is fully rated for  operation under any overload condi- 
tion including a direct short circuit, regardless of how 
long  maintained. Supply will automatically restore to 
normal  operation upon overload removal, 

Overvoltage protection: An independent built-in over- 
voltage crowbar circuit prevents the output voltage 
f rom exceeding a preset voltage under any failure con- 
dition. This  crowbar circuit shorts the output within 
lops  following the onset of the over-voltage condition. 

Model  G384A: T h e  crowbar threshold voltage is varia- 
ble between 4.5.and 6.0 volts by monitoring rear ter- 
minals while adjusting an internal screwdriver control. 

Models 6385A, 6 3 8 8 A :  T h e  crowbar threshold volt- 
age is variable between 1 . 5  and 1 0  volts by adjusting a 
front-panel control. 

Protection: 

/ 
Controls: 

Model 6384A: Single-turn output voltage control, com- 
bined off-on switch and pilot light, and switch that 
selects voltage or current meter,  

Models 6385A, 6388A: Ten-turn coarse and single-turn 
fine voltage and current controls, off-on circuit breaker, 
pilot light, switch that selects current meter scale, over- 
voltage crowbar controls that  set the threshold voltage. 
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der any load condition within rating. 

Models 6263A, 6265A, 6266A, 6271A 

cc I 50 rnA rms 3 mA rms I 5 mA rms I 3 mA rms 

M o d e l s  6260A, 6268A, 6269A 

Temperature coefficient: output change per 
degree centigrade change in ambient follow- 
ing 30 minutes warmup. 

Remote programming: all programming ter- 
minals are located on rear barrier strips. 

I “;I 

cv 0.01% plus 200 pV 0.01% plus 200 pV 0.01% plus 200 pV 0.01% plus 200 pV 

cc 0.01% plus 8 mA 0.01% plus 2 mA ’ 0.01% plus 2 mA 0.01% plus 1 mA 

cv 200 ohms/volt 200 ohms/volt 200 ohms/volt 200 ohms/volt 
-CC 2 ohrns/amp 100 ohms/amp 10 ohms/amp 300 ohms/amp 

Models 6264A, 6267A 

Meters 

Input power connections 

Size: height x depth x width 

Weight: (Ibs) (net/shipping) 

Price 

inches 

centimeters 

M o d e l  6274A 

0-12 V and 0-120 A 0-20 V and 0-12 A 0-20 V and 0-20 A 0-40 V and 0-3 A 

Barrier Strip 3-Wire, 5-Foot Cord 3-Wire, 5-Foot Cord 3-Wire. 5-Foot Cord 

7 H x 1 7 % D x 1 9 W  3 % H x 1 7 % D x 1 9 % W  5 % H x 1 7 % x D x 1 9 W  3 % H x 1 7 % D x 1 9 W  

14 H x 44,4 D x 48,3 W 8,9 H x 44,4 D x 48,3 W 

57 (25,9 kg)/72 (32,7 kg) 28 (12,7 kg)/41 (18,6 kg) 

17,8 H x 44,4 D x 48,3 W 8,9 H x 44,4 D x 48,3 W 

90 (44,8 kg)/115 (52,2 kg) 36 (16,3 kg)/50 (22,8 kg) 

$775 $435 $525 $350 

Options: refer to page 469 for descriptions. 06-$275, 26-$50, 27-$15 1 06-$125, 28-$10 1 06-$175, 28-$10 [ 06-$95, 28-$10 

05-$10 No charge if ordered with Option 26, 27, or 28. 10-$125, 13-$35, 14-$35 
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6266A 6267A 6268A* 6269A* 6271 A 

0-36 volts @ 0-5 amps 0-40 volts @ 0-30 amps 0-60 volts @ 0-3 amps 

100-130/200-260 V ac, 100-130/200-260 V ac, 100-130/200-260 V ac, 
48-63 Hz, 4.3 A,  265 W 230 f 10% V ac 48-63 Hz, 4.3 A,  265 W 

0-36 volts @ 0-10 amps 

48-63 Hz, 7 A, 500 W 

0-40 volts @ 0-50 amps 

2 3 0 5  10% V ac 
@ 115 V @ 115 V 48-63 Hz, 11 A, 1600 W 48-63 Hz, 18 A, 2600 W @ 115 V 

Internally adjustable preregulator voltage limit 

Continuously variable output voltage and current- 

Auto-series, auto-parallel and auto-tracking operation 
Remote programming-voltage and current can be 

controlled by external resistance or control voltage 

Remote error sensing 

no range switching 

6274A* 

0-60 volts @ 0-15 amps 

100-130 Vac, 
48-63 Hz, 16 A, 1700 W 

Advantages 

0.01% plus 2 mA 

200 ohms/volt 
200 ohms/amp 

0-40 V and 0-6 A 

3-Wire, 5-FOOt Cord 

Low output impedance 

0.01% plus 2 mA 0.01% plus 2 mA 0.01% plus 4 mA 0.01% plus 1 mA 0.01% plus 2 mA 

200 ohms/volt 200 ohms/volt 200 ohms/volt 300 ohms/volt 300 ohms/volt 
100 ohms/amp 6 ohms/amp 4 ohms/amp 300 ohms/amp 50 ohms/arnp 

0-50 V and 0-60 A 0-40 V and 0-10 A 

3-Wire, 5-Foot Cord Barrier Strip Barrier Strip 3-Wire, 5-FOOt Cord Barrier Strip 

0-50 V and 0-40 A 0-60 V and 0-3 A 0-70 V and 0-18 A 

Specifications 

3% H x 1 7 %  D x 1 9 W  

8,9 H x 44,4 D x 48,3 W 

33 (15 kg)/48 (21,8 kg) 

Automatic restoration of normal operation following 

Constant voltage/constant current operation with 

Front panel coarse and fine voltage and current controls 
Fully rated for any overload condition including 

continuous short circuit operation 
Front panel voltmeter and ammeter 
RFI conformance,to MIL-I-6181D 

removal of overload 

automatic crossover 

5% H x 1 7 %  D x 1 9 W  7 H x 1 6 3 / 4  D x 1 9 W  7 H x 1 7 %  D x 1 9 W  3% H x 1 7 %  D x l 9 W  5% H x 1 7 %  D x l 9 W  

14 H x 44,4 D x 48,3 W 17,8 H x 42,7 D x 48,3 W 17,8 H x 44,4 D x 48,3 W 8,9 H x 44,4 D x 48,3 W 

52 (23,6 kg)/67 (30,4 kg) 93 (42,2 kg)/120 (54,5 kg) 93 (42,4 kg)/120 (54,5 kg) 33 (15 kg)/45 (20,4 kg) 

14 H x 44,4 D x 48,3 W 

75 (34 kg)/95 (43,l kg) 

/ 

Radio frequency interference: Models 6260A, 6268A, 6269A, 
and 6274A are free from conducted and radiated RFI to the extent 
that they meet all the requirements of h.IIL-I-6181D. 

Maximum operating t e m p e r a t u r e :  0 to 55°C. Storage: -20 to 

internal impedance as a constant voltage source: 

171"C. 

Less than ,001 ohms from dc to 100 Hz. 
Less than .01 ohms from 100 Hz to 1 kHz. 
Less than .2 ohms from 1 kHz to 100 kHz. 
Less than 2 ohms from 100 kHz to 1 MHz. 

$435 

06-$95, 28-$10 

Transient r e c o v e r y  t i m e :  less than 50 microseconds is reqdired for 
output voltage recovery (in constant voltage operation) to within 
10 millivolts of the nominal output voltage following a 5 amp 
change in output current. 

Output terminals: an output terminal strip is located on the rear of 
the chassis. All power supply terminals are isolated from the 
chassis and either the positive or negative terminal may be con- 
nected to the chassis through a separate ground terminal located 
adjacent to the output terminals. Models 6260A, 626SA. 6269A 
and 6274A include front panel output terminals. They are banana 
jack type and limited to 3 amps maximum current output. 

Finish: light gray front panel with dark gray case. 

$525 $695 $875 $435 $695 
06-$125, 28-$10 06-$175, 26-$10, 27-$15 06-$200, 27-$15 06-$95, 28-$10 06-$175, 27-$50, 28-$50 

1 0.01% plus 200 pv j 0.01% plus 200 pv I 0.01% plus 200 pv 1 0.01% plus 200 pv 1 0.01% plus 200 pv ~ 
0.01% plus 200 pv 1 

~~~ 

% plus 500 pA 0.02% plus 500 pA 0.02% plus 3 mA 0.02% plus 3 mA 0.02% plus 500 pA 0.02% plus 2 mA 

0.01% plus 200 pv 0.01% plus 200 pv 0.01% plus 200 pv 0.01% plus 200 pv 0.01% plus 200 pv 0.01% plus 200 pv 

0.02% plus 500 pA 0.02% plus 500 pV 0.02% plus 3 rnA 0.02% plus 3 mA 0,02% plus 500 pA 0.02% plus 2 mA 

500 microvolts rms 500 microvolts rms 1 mV rrns 1 mV rms 500 microvolts rms 500 microvolts rms 
3 mA rms 3 mA rms 20 mA rms 30 mA rms 3 mA rms 10 mA rms 

*A l l  silicon 
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Model 
DC output volts 

Line or load regulation 
Ripple and noise (rms maximum) 
Meters 
Dimensions 

Weight (net/shipping) 
Price 

amps 

890A 

8SOA 8SSA 
0 to 320 I 0 to 320 
0 to 0.6 0 to 1.5 

0.007% 6r 10 mV 
1 mV 

320 V and 0.8 A 
3 % "  H x 16%" D x 19" W 

(88 x 425 x 483 mm) 
35/43 Ibs (15,8/19,4 kg) 

320 V and 1.5 A 
5%"  H x 16%" D x 19" W 

(133 x 425 x 483 mm) 
50/66 Ibs (22,5/29,7 kg) 

$445 $625 

895A 

6 
r) 

6521A, 6522A, 6525A 

Advantages, MVR Series: 
All solid-state 
Short-circuit proof 
Remote programming, remote error sensing 

Advantages, HVR Series: 
All solid-state, compact rack mounting 
200 watt output 
Short circuit proof * output-grounded or floating up to 2 kV off ground 
Decade voltage switching with 0.002q0 resolution 
Transient recovery time: less than 50 microseconds to within 

1% calibration accuracy 
0.005% or 20 mV, whichever is greater 

The hIVR Series features a unique "Piggy-Back" circuit; low 
voltage series power transistors, which are required to  dissipate only 
a fraction of their power rating, provide high regulation-yet the 
supply can withstand a direct short circuit across the output termi- 
nals. 

The HVR Series consists of three high-voltage supplies utilizing 
all silicon semiconductor circuitry-no tubes. All three supplies are 
tightly regulated and provide sufficient output current for many de- 
vices not capable of being powered from conventional low-current, 
high-voltage supplies. These supplies feature constant voltage/ 
constant current operation with automatic crossover. Elimination of 
large series dissipating tube elements allows these supplies to have 
efficiencies approaching 80%. 

MVR Series 

All MVR models Temperature coefficient: less than 0.03%, plus 1.5 mV/"C. 
Short circuit proof: all-electronic, continuously acting current limit circuit 

protects the supply for al l  overloads, including a direct short placed 
across the output terminals; in addition, a fuse wil l  blow when severe 
overload conditions occur. 

Stability: better than 0.1% plus  5 m ~ ,  
Transient recovery time: less than loo 
Output terminals: output terminal strip is located on the rear of the chassis. 

Maximum operating temperature: 50'C. input ac: 105 to 125 V, 57 to 63 Hz. 



485 

centimeters 48,3 x 8,9 x 44 48,3 x 14 x 43,7 48,3 x 8,9 x 44,4 48,3 x 8,9 x 44,4 48.3 x 14 x 43.7 4 8 3  x 8,9 x 44.4 48,3 x 14 x 43,7 48,3x17,8~41,9 

pounds 36/51 67/76 33/48 31/46 61/70 31/46 61/70 851101 Weight 
(netlshipping) 

kilograms 16 3/23 1 30 4/34 4 14.9121.7 14/20.8 27.6131.7 14/20 8 27.6131.7 385145.8 - 
Price $380 $550 $370 $360 $550 $360 $550 $575 

Options refer to page 469 for descriptions 05.010 10-$125 

The SCR-1P Series consists of seven regulated dc power sup- 
plies utilizing all-silicon circuitry. Silicon-controlled rectifiers 
in series with the transformer primary, and controlled by the 
output voltage and current settings, accomplish the desired reg- 
ulation using Harrison’s unique “Ramp-Lock” phase control 
circuit. This circuit technique permits a reduction in the overall 
size and weight of the power supply and results in up to 75% 
efficiency at  full output. Four models with output ratings of 
approximately 300 watts are packaged in a 31/2” high rack 
mounting cabinet, while the three models with approximately 
900 watt output power capability are 51/4” high. All supplies 
may also be used on the bench (attachable rubber feet for bench 
use available on request). These second generation SCR regu- 
lated power supplies also feature lower output  ripple, tighter 
load and line regulation, and Constant Voltage/Constant Cur-  
rent operation with automatic crossover. 

Model 520A is similar in design and performance to the 
SCR-IP  Series. 

Advantages: 
Output  continuously variable to zero in either voltage 

or current mode 
All-silicon circuitry 
Efficiency up to 75% at  full output 
Excellent line transient immunity 
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Model 

SCR-3 SERIES 
3 KW SCR regulated supplies 
Models 6453A-6459A 

6453A 64568 6459A 1 

The SCR-3 Series of regulated supplies are suitable for 
high-power applications which require up to 200 amps out- 
put current and up  to 3.6 kilowatts output power. These 
supplies can be connected in Auto-Series and Auto-Parallel 
for higher power applications. In this series of supplies, 
silicon-controlled rectifiers perform simultaneously the recti- 
fying and regulating functions with resulting voltage regula- 
tion of less than 0.3%. 

DC amps out 

AC power in  

Combined load and line regulation cv 
cc 

Advantages: 

0 to 200 A 0 to 100 A 0 to 50 A 

208/230/460*10%, 3 phase, 57 to 63 Hz;  14 amps per phase 

0.2% $10 mV 0 2 %  +10 mV 0.2% +10 mV 
1% or 500 mA 1% or 2 A 1% or 1 A 

Constant voltage/constant current 
Minimum size, reduced weight 
Continuously variable to zero volts 
Excellent line transient immunity 
50 millisecond recovery for load current changes 
Short-circuit-proof 
Remote programming 
Remote error sensing 
Auto-series and auto-parallel operation 
755% efficiency at full load 

tRipple and noise (rms max., specified as per- 
cent of max. output voltage) 

Remote programming (all programming ter- cv 
minals located on rear barrier strips) cc 

1% 0.5% 0.25% 

200 ohms/volt 200 ohms/volt 300 ohms/volt 
1 ohm/amp 2 ohms/amp 4 ohms/amp 

DC volts out I O t o l 5 V  I 0 to 36 V I 0 to 64 V I 

Meters 

Input terminals 

Output terminals 

20 V and 200 A 40 V and 100 A 80 V and 50 A 

4-terminal twist lock connector 

tapped rectangular bus bars 

Weight (net/shipping) 238/275 Ibs 
(107/124 kg) 

tTransient recovery time (less than 50 msec 
required for output voltage recovery to wi th-  
in A mV of nominal output voltage following 
a load change from ful l  load to half load or 
half load to ful l  load) 

238/275 Ibs 238/275 I bs 
(1 07/ 124 kg) (1 07/124 kg) 

A = 150 

Options: Refer to page 469 for description 

A = 300 

I I 

05-$25, 06-$350 05-$25, 06-$300 05-$25, 06-$300 
01-208 V ac input- no charge, 02-230 V ac input- no charge, 03-460 V ac input-$40, 10-$195 

Cooling I internal fan I 
19” W, 14” H, 18%’’ D 
(356 x 483 x 476 mm) 

19” W, 14’ H ,  18%’’ D I 19‘ W, 14“ H ,  18%” D 
(356 x 483 x 476 mm) (356 x 483 x 476 mm) 

Price: Option 01, 02, or 03 must be specified 
when ordering I $1375 $1275 $1275 

cc = constant current, C Y  = constant voltage 
+Use of supply a t  50 Hz input (possible only w i th  option 05) resul ts in a 50% increase in  t ransient recovery t ime and ripple. 
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Model 6463A 6464A 6466A 6469A 6472A 6475A 6471h 6479A 

0-16 
volts 0-4 0-8 or 0-36 0-64 0-110 0-220 0-300 

0.18 

amps 0-600 

0-500 

OC output 

0-2000 0-1000 or 0-300 0-150 0-100 0-50 0-35 

The SCR-10 Series of all silicon, 10 kilowatt regulated supplies 
are intended for high power applications which require a fixed or 
variable dc source with a moderate degree of regulation. Siiicon- 
controlled rectifiers in series with the transformer primary, and con- 
trolled by the output voltage and current settings, accomplish the 
desired regulation using Harrison's "Ramp-Lock" phase control cir- 
cuit. This circuit technique permits a reduction in the overall size 
and weight of the poner supply and results in up to 75% efficiency 
at full  output. All features of the SCR-IO Series are the same as given 
for the SCK-3 Series on the previous page. 

Specifications 
Controls: a single control allows continuous adjustment of output 

voltage over the entire output range. A single control allows con- 
tinuous adjustment of output current over the entire output range. 
Afodels 6475A, 6477A, 6479A, and F483B have 10-turn voltage 
controls. 

Input terminals: a 4-pin jack and mating connector are supplied. 
Output terminals: tapped rectangular bus bars. 
Cooling: internal fan. 
Size: standard 19 inch (483 mm) relay rack mounting, 261/i, inches 

(669 m m )  and 2255 inches (572  mm) deep. 
Weight: 420 Ibs (191 kg) net, 500 lbs ( 2 2 7  kg) shipping weight. 
Finish: light gray front panel with dark gray case. 

6463B 

0-440 
or 0-500 
or  0-600 

or 0-20 
or 0-25 

0-15 

volts 

amps 
AC input 

Combined line and regulation constant voirage: for 
a change in  output current from no load to fu l l  load or fu l l  
load to no load combined with a -10% change in line voltage 

208/230/460 * lo%, 3 Phase, 57-63 Hz, Specify by option number, see below 

less than 50 amps per phase at 230 V ac 

0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 
50 mV 25 mV plus plus plus plus p lus  plus plus 

10 mV 10 mV 100 mV 100 mV 100 mV 100 mV 100 mV 

Full scale meter readings: Peters have 2% accuracy; all I 1 2 5 V &  2 5 0 V &  3 5 0 V &  6 0 0 V &  
uni ts have meter calibrating potentlometers. I ;4;0o&A I i % ?  I \"of 1 A" 1 *?8:A" 1 120 A 60 A 1 40 A I 25 A I 
Combined line and load regulation constant current. for 
a change in  output voltage from no load to full !oad or full 
load to no load combined with a -10% change in  line vol!age. 

~ ~ 

recovery time: less than 50 milliseconds is re- 1 
I 

quired for output voltage recovery to within A millivolts of 
the nominal output voltage following a load change from ful l  1 
load to half load or half load to fu l l  load, or a change of 100 
amperes, whichever is less. 

- 

1% O r  l% 10 A O r  'pir 1% 3 A  01 1% 1.5 01 A 1% 1 A  01 1% 0.5 or A 1% 0.3 or A 1% 0.2 or A 
2o A 

tRipple and noise: rms maximum, specified as percent of 
maximum output voltage. 7 %  1% 1% 0.5% 0.25% 0.2% 0.15% 0.1% 0.1% 

025% plus 10 mV Stability: under constant ambient conditions, total dr i f t  '" 1 
for 8 hours following 30 minutes warmup. cc 60 A I 30 A I 18 A I 9 A  I 4.5 A 1 3 A  1 1.5A 1 1 A  I 0.6 A 

warmup. cc 12 A 6.0 A 3.6 A 1.8A 0.9A 0.6A 0.3A 0.2 A 0.1 A 

Options: refer to page 469 for descriptions -~ 
101-208 V ac inputrno charge, 02-230 V ac input-no charge, 03-460 V ac input- $200, 04-$85, 05-$25, 10-$225 

cv= constant voltage cc= constant current tUseof supply a t  50 Hz input (possible only with option 05) results i n  a 50% increase in transient recovery time 
and ripple 

C Y  

cc 
Remote programming 

Price; Option 01, 02. or 03 must be specified when 
ordering. 

2OOn/V 200~:V 200~,!V 200n/V 30011/V 300n;V 3 0 0 n V  300n#V 300n:V 

0.1nlA 1 / 5 ~ . ' A  %n/A %n'A 1.5n'P. 2n/A 4 n ' A  6g8'A l 0 ~ ) A  / 

$3500 $3300 $2600 $2300 $2600 $2600 $2600 $2600 $2600 
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6348A 

6354A 

6357A 

The M O D  Series of plug-in modular power supplies 
has been designed to meet the need for well regulated, 
inexpensive chassis-mounting supplies and the need for a 
line of dc supplies of low power rating capable of being 
efficiently grouped on rack panels. All input, output and 
control connections are accomplished via the 11 -pin plug 
mounted at one end of the supply. Since the output voltage 
is determined by the value of a resistor connected between 
two of these terminals, these supplies can be made to be con- 
tinuously variable over their entire output voltage range, or 
variable over some limited range, or fixed at some predeter- 
mined value - depending upon the manner in which the 
external rheostats and/or resistors are connected to the pro- 
gramming terminals. 

~~~~ 

0 to 36 V at 0 to 1.5 A 

0 to 160 V at 0 to 400 rnA 0.005%+2 mV 0.005%+1 mV 105 to  125 or  210 to 250 V ac, C 13/19 Ibs (5,9/8,6 kg) $259 05-$10 

0 to 320 V at 0 to 200 mA 0.005%+2 mV 0.005%+1 mV 105 to 125 or 210 to 250 V ac, C 13/19 Ibs (5,9/8,6 kg) $259 05-$10 

3 rnV o r 0 . 0 2 3  3 mV or 0.02% 105 to 125 or 210 to 250 V ac, C 13/19 lbs(5,9/8,6 kg) ~ $225 p 0 5 1 $ F  
48 to 63 Hz 28-$10 

48 to 63 Hz 28-$10 

48 to 63 Hz 28-$10 

A current limiting overload protection circuit is used in 
all MOD Series supplies. The current limit can be set at any 
value from zero to some value slightly greater than the 
current rating of the supply. This current setting is accom- 
plished by means of a screwdriver adjustment slot accessible 
through a small hole in the side of the supply, thus per- 
mitting readjustment of the current limit value without re- 
moving the power supply module’s cover. 

The supply is thus fully protected for any overload con- 
dition, including a direct short circuit across the output ter- 
minals, and the current limit control can be set to the exact 
value necessary for optimum protection of the load device. 
No fuses are contained in the M O D  Series supplies. 

Specifications, MOD Series 

I 6347A 0 to 36 V at 0 t o  500 mA 13 mV o r  0.02% I 3 mV or 0.02% 1 105 to 125 or 210 to 250 V ac, 1 B I 7/10 Ibs (3,2/4,5 kg) $165 05-$10 
A8 to 63 H7 I I 78--%in I 

I 

S I Z E  A 

10-32 INSERT 
II P I N  HEADER 

END 
V I E W  

S I Z E  B S I Z E  C 
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MOD SERIES 
Modular plug-in supplies 

Models 6343A-6357A 

Specifications, all models 

Ripple and noise: less than 1 mV rms for any combination 

Operating temperature range: 0°C to 50°C (70°C for 6354A 

Temperature coefficient: less than 0.033%, plus 2 mV/”C. 
Stability: less than 0.1% plus 10 mV total drift for 8 hours 

(after 30 minutes’ warm-up) at a constant ambient. 
Transient response: less than 50 psec is required for output 

\roltage recovery to within 10 mV of the nominal output 
voltage following a full-load change in output current. 

Remote error sensing and remote programming: sensing 
terminals are brought out through the header pins; for 
local sensing, these terminals are strapped to the output 
terminals; for remote sensing, leads are connected from 
the sensing terminals to the remote load terminals; the 
output voltage is determined by the value of resistance 
connected between terminals 1 and 2, 1 V out for each 200 
ohms connected between these terminals (300 ohms for 
6354A and 6357A). 

of line voltage, output voltage and load current. 

and 6357A). 

Programming accuracy: 5%.  
Cooling: convection cooling is employed. 
Finish: light gray. 

Efficient rack mounting 
Dimensions and efficient mounting techniques are shown 

in the illustration for MOD Series plug-in supplies. 
The drawing shows 14505A rack mounting assembly; 

14503A is similar except for height-31/2” (88 mm) in- 
stead of 51/q” (133 mm)-and the fact that it has holes for 
six 11-pin sockets. Whereas 14505A can accommodate “A”, 
“B” or “C” size units as shown, the 3y2” high rack mount- 
ing assembly can only accommodate “A” and “B” size units. 
On the 3y2” panel these “A” and “B” size modules are 
rotated 90 degrees along the longest axis as compared with 
this drawing. Price: 14505A, $29. 

Part NO. 145038: 3$12” high (88 mm) assembly capable of 
accommodating up to six “A” size modules or one “B” 
and four “A” modules, or two “B” and two “A” modules, 
or three “B” modules. 

Price: 14503~4, $19. 
Part NO. 14505A: 5%“ high (133 mm), 19” wide (483 

mm) rack assembly for accommodating up to 10 “A” size 
modules or any combination of “A”, “B!’ and “C” size 
modules having the same equivalent mounting area as 10 
“A” modules. 
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Size 6: 

Sizes 3 & 4 Sizes 5 & 6 

4%“ (10.8 em) x 5%” (13 em) 11” (27.9 cm) 1 

The SLOT series of modular power supplies are intended for 
applications requiring a fixed constant voltage source of dc. Output 
voltage is adjustable to t 10% of the nominal. 

The mechanical and electrical design have been accomplished 
with a view toward simplicity, without any compromise in compo- 
nent quality or manufacturing technique. The result is a low cost. 
yet reliable power supply which can be bolted directly to standard 
rack panels (with only four screws) or included as a power module 
in a larger chassis. All supplies are fully rated to 50”C, and require 
no additional heat sinks. 

A tepperature compenszted zener diode is employed as the refer- 
ence element in an all-silicon series regulator feedback circuit which 
monitors and controls the output voltage. The resulting low ripple 
and low output impedance permit these supplies to be used in critical 
applications where less -,vel1 regulated supplies are not suited. 

All supplies are short circuit proof and will not be damaged by 
any overload regardless of how long imposed. The output is float- 
ing-thus any supply can be used as either a positive or negative 
source. 

Net 

Specifications 
Load regulation: less than 0.05% from no load to full load. 
Line regulation: less than 0.05% from 105 to  125  V ac. 
Ripple and noise: less than 1 mV rms 
Temperature coefficient: output voltage change per ” C  is less 

Stability: the total drift for eight hours (after 30 minutes warmup) 

Temperature ratin‘g: operating: 0 to 50°C; storage: -40 to -85°C .  
Output impedance: less than 0.3 ohms to 100  kHz; less than 3 

ohms to 1 XIHz. 
Transient recovery time: less than 2 5  p s  for  output voltage re- 

co\ery to within 10 mV of the nominal output voltage following 
a full load or 5 amp load change, whicheLer is less. 

Overload protection: the output is current limited w noti-adjustable) 
and is fully rated for operation under any overload condition 
including a direct short circuit, regardless of how long maintained. 
Supply will autoinatically restore to normal operation upon over- 
load removal. 

Out, 
- Out, f Sensing, and - Sensing terminals. Either side of the 
supply may be grounded or the output may be operated floating 
at potentials of up t o  300 V off ground. 

Output control: screwdri\,er adjust, arcessible through hole in end 
plate. 

Mounting: four 8-32  threaded nuts embedded in mounting end plate 
facilitate assembly of modules to rack panels, chassis, etc. 

Option 27: 208 V ac input. Price on request. 
Option 28: 210 V ac input. Price on request. 

than 0.025%. 

a t  a constant ambient is less than 0.15% 

Terminals: a rear barrier strip includes AC, ACC, GND, 

Shipping 

2.5 i h . K 1  kg) Size 3:  

3%”(8.6 cm) x 41/8”(10.5 cm) ~ 6” (15.2 cm) 
3%” (8.6 cm) x 5%’’ (13 cm) 1 6” (15.2 cm\ 

Size 3:  t - i  Size 4 :  

4.0 ib. (1.8 hg) 

1 Size 5: I 3%” (8.6 cm) x 51/8”(13 cm) 1 7416 ’ ’  (18.6 cm) 1 

Size 4: 

Size 5: 

Size 6: 

4.5 Ib. (2 kg) 

6.0 Ib. (2,7 kg) 

13 Ib .  (5.9 kg) 15 Ib. (6,8 kg) , 

6.5 ID.  (2,9 kg) 

8.0 Ib. (3 ,6  kg) 

I Model 

DC 

Current DC 
Output Voltage 

Stock models: 

60065A 60129A 601254 - 60244A 60285A 

6 V  1 2 V  1 2 V  2 4 V  2 8 V  

0-3.5A 0.1A 0-2.2A - !  0-1A 0-1.5A 

- 1 0 %  ~ 1 0 %  +IO% 1 1 0 %  * l o %  

1 - 9 

Price 10 - 19 

20 ~ 49 

105-125 

48-440 Hz 
‘ 1 A  I 1.3A ~ - I  I Input V a c  I 1.5A 1 0.8A 1 1.3A I 

$88 $100 

$ 97 $77 $ 97 - $85 $ 97 

$ 94 $74 $ 94 - $83 $ 94 

$100 1 $79 $100 - 

I I I I I 
Size I 5 1 3 1  5 1  - 1 4 1  5 

10 

ti 
;3 
4 

2 

0 1  
Z a  
I- 

2 ;  
5 4  
:3 

3 2  
I- 
a. 

a 1  
08 

06 
05 
04 

03 

02 

I 2 3 4 5 6 8 10 20 30 4050M) 80100 200 300 
01 

OUTPUT VOLTAGE RATING VOLTAGE 

The above chart indicates the maximum output current and volt- 
age aiailable for  any size module. The area below and to the left of  
each curve includes all  available ratings for that size module. In 
quantities of 20, the prices for typical ratings in each of the package 
sizes are: 

Size 1, $74;  size 4. $ 8 3 ;  size 5 ,  $94; size 6, $169. For an exact 
price 2nd delivery quotation, contact your nearest Hewlett-Packard 
field sales ofice, giving desired output Loltage, current, and quantity. 
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Designed to operate primarily as a power supply for strain 
gage applications, the 8 0 l c  is a solid-state power supply whose 
design, construction and size permit extreme isolation from 
ground and the ac power line , , , greater than 10,000 megohms 
to ground or ac  input and less than 1 pF capacity from output 
terminals to input power line. 

Using many supplies to feed a large number of strain gages 
provides excellent isolation capabilities, and the shorting of a 
single strain gage will not disrupt the entire test setup. 

Specifications 
Output: 0 to 25  volts at 0 to 0.2 amp. 
Load regulation: less than 2 mV change, no load to full load. 
Line regulation: less than 2 mV change, for a change in line voltage 

Ripple and noise: less than 100 ,$V rms. 
Maximum ambient operating temperature: 50°C. 
Stability: less than 0.1% 15 mV total drift for 8 hours after 30- 

Overload protection: current limiter protects supply from all mer- 

Controls: coarse and vernier for continuous voltage control. 
Remote error sensing: at rear terminals. 
Power: 105 to 125 V ac, 55-65 Hz. 
Dimensions: 5 ”  high, 147/” deep, 178” wide. 
Weight: net 4 Ibs; shipping 8 Ibs. 
Price: 1 to 9, $149 each; 10 to 49, $145 each; 50 to 99, 3140 each; 

from 105 to 1 2 5  volts. 

minute warmup. 

loads including direct shorts. 

100 and more, $135 each. 

14500A Rack Mounting Panel--$18.00 
Rack mounting panel 

This panel (5%’’ high x 19” wide) permits nine 8OlC modules 
to be rack-mounted side by side. All necessary hardware for mount- 
ing nine supplies is included. Provision is made on this panel for 
a label for each power supply. This label receives rear illumination 
from the pilot light when ac power is applied. 

These easy-to-use general purpose, low-power medium-volt- 
age laboratory supplies are particularly suitable for experi- 
mental setups and other medium-voltage bench applications. 
These instruments a re  designed for high regulation and low 
ripple. T h e  711A contains a 0-500-volt dc output a t  100 m A  
along with a n  unregulated ac  filament output, while the 712B 
contains four outputs-0-500 volts a t  0-200 mA, 0 to -150 
volts a t  5 mA, -300 volts a t  50 mA, and an unregulated ac 
filament source. 

711A 712B 

Specifications 71 1A supply 
Outputs: 0 to 500 volts dc, 0 to  100 milliamps, 6.3 volts rms at 

Load regulation: less than 0.5% change or 1 volt change from no 

Line regulation: less than 0.5% change or 1 volt change for * 10% 

Ripple and noise: less than 1 mV rms. 
Input: 115 or 230 volts * l o % ,  50 to 1000 cycles, approx. 145 watts. 
Dimensions: 77s’‘ (18,7 cm) wide x 11Y2’‘ (31,5 cm) high x 

Weight: 20 Ibs (9,2 kg) net; 26 Ibs (11,s kg) shipping. 
Price: $275.  
Option 28: rewire for 230 V single phase ac input: Supply as 

normally shipped is wired for 115  V ac input, and must be in- 
ternally reconnected for 230 V ac. Price, $10. 

6 amps or 12.6 V rms CT at 3 amps unregulated. 

load to full load. 

line voltage change. 

14%” (38 cm) deep. 

Specifications 712B supply 
outputs: 

DC regulated high voltage, 0 to +500 volts, 0 to 200 mA. 
DC regulated fixed bias, -300 volts, 0-50 mA. 
DC variable bias, 0 to -150 volts 0-5 mA. 
AC unregulated voltage, 6.3 volts CT, 0-10 amps. 

Load regulation: 
DC regulated high voltage: less than 50 mV change, no load to 

full load. 
DC regulated fixed bias: less than 50 mV change, no load to full 

load. 
DC variable bias: tied to fixed bias. Hence, source regulation is 

same as fixed bias plus an internal impedance of 0-1000 ohms. 
Line regulation; less than 2 1 0 0  mV for a *IO% line voltage 

Ripple and noise: less than 500 ,pV. 
Input: 115 volts i- IO%, SO to 60 cycles. 
Dimensions: 20%’‘ (56,9 cm) wide x 12%’’ (34,9 cm) high x 

Weight: 70 Ibs (31,7 kg) net; 81 Ibs (36,7 kg) shipping. 
Price: $490. 

change, 

14%’‘ (40,4 cm) deep. 
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Reflector 
supply 

Beam 
supply 

The HP 716B Supply offers superior regulation, noise, 
ripple and hum characteristics, plus the broad capability of 
powering at least 250 types of klystrons. Beam and reflector 
voltages are closely regulated and continuously adjustable, 
using calibrated controls accurate to within t 2 %  on beam 
voltage and to within 0.5% t l  volt on repeller voltage. 
In addition, a regulated dc filament supply minimizes resi- 
dual FM and AM from the klystrons. 

The reflector supply can be internally modulated with a 
sawtooth for FM or with a square wave for on-off opera- 
tion. The positive excursion of the square wave is clamped 
to the reflector voltage, simplifying setup and minimizing 
double moding. Sawtooth and external modulation are ac- 
coupled to the reflector. A protective diode prevents the 
klystron reflector voltage from becoming positive with re- 

0 to 900 V neg. with respect to beam supply, calibrated voltage con- 
trols; regulation within 1% * l o %  line voltage variation; ripple 
<10 mV; 10 MA max. 
250 to 400 V negative with respect to chassis ground, calibrated volt- 
age controls; current 30 mA max. a t  250 V, 50 mA max. at 400 V;  regu- 
ation better than 1%, no load to full load or for +lo% normal line 
voltage variation; ripple less than 7 mV 

0 to 800 V neg. with respect to beam supply, accuracy 1 0 . 5 %  of dial 
reading *l V, line regulation better than 0.05%; ripple<500 p V  

250 to 800 V negative with respect to chassis ground, accuracy *2% 
of dial reading; current 100 mA max.; line regulation better than 
0.1%; load regulation better than 0.05%; ripple less than 1 mV 

spect to the cathode. Special circuitry eliminates turn-on 
transients that could be harmful to the klystron. Relays dis- 
connect the beam supply to prevent klystron failure should 
the filament voltage drop below 1 volt or rise above 9 volts. 
The filament circuit in the 716B is protected against voltage 
surges up to 800 volts, These relays also disconnect the sup- 
plies whenever a klystron filament short circuits, 

The HP 715~4, designed to operate many types of low- 
power klystrons, offers a regulated 250-to-400 volt beam 
voltage, a 0-to-900 volt regulated reflector supply and a 
6.3 volt ac filament supply, The reflector supply can also 
be square-wave modulated internally at the nominal fre- 
quency of 1000 Hz, externally modulated or sine-wave 
modulated at the power line frequency, Klystron protection 
is built in ,  

/ 

715A 7166 

Filament 
supply 

6.3 V ac. 1.5 amp maximum 6.3 V dc, adjustable nominally between 5 and 9 volts, isolated from 
ground; current 0 t o  2 amps; 2 amps max. available to 6.5 V, decreas- 
ing to approx. 150 mA at 9 V, ripple <2 mV; line regulation better 
than 1% with *lo% l ine change 

square wave: 400 Hz to 2.5 kHz; 0.1% short-term stability; 10 to at 
least 150 V p-p, negative from reflector voltage; 5 p e c  rise t ime; 
external sync of internal square wave 10 V peak, 500 kQ nominal in-  
put impedance; sawtooth: 75 Hz nominal, 0 to a t  least 150 V nominal 
p-p, ac-coupled to reflector 
max. input 200 V p-p;  input impedance 500 kQ, 100 pF nominal 

with internal square-wave modulation: 1 V p-p min. for scope sync. 
600 ohms output impedance; with internal sawtooth modulation : 
10 V p-p min. for scope sweep, 50 k Q  output impedance 
monitors beam current 0 to 100 mA 
115/230 V switch +lo%, 50 to 60 Hz, 200 to 350 W 
16%” wide, 6-25/32’’ high, 16%” deep (425 x 172 x 416 mm); hard- 
ware furnished for rack mounting 
net 46 Ibs (20,7 kg); shipping 62 Ibs (28,3 kg) 

6’ cable, terminated end mates with 716B (one furnished with instru- 
ment) HP Stock No. 00716-61601, $25 

Internal 
modulation 

square wave: 1000 *lo0 Hz, adjustable; 0 to 110 V p-p, negative 
from reflector voltage; less than 10 wsec rise and decay times; 
sinusoidal power line frequency, 0 to 350 V p -p  

External 
modulation 

Oscilloscope 
output 

Meter 
Power 
Dimensions 

Weight 

Accessories 
furnished 

terminals provided; input impedance 100 k Q  

monitors beam current 0 to 50 mA 
115 V * lo%,  50 to 60 Hz, 200 W 
7%” wide, 11%” high, 13%” deep (187 x 292 x 349 mm) 

net 19 Ibs (8,6 kg); shipping 24 Ibs (10,8 kg) 

715A-16C shielded output cable, for connection to klystron 

Specifications, 715A Specifications, 7 16B 

1 Price 
*Manufactured by Yokogawa, Hewlett-Packard Ltd . ,  Tokyo 

1 HP 715A*, $365; add $10 for 230 V, 50 to 60 Hz input 1 HP 716B,* $875 
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High speed programming 
dc power supply 

PS/A SERIES 
DC power supply/amplifier 

Models 6823A, 6824A 

SO watt peak output 
dc power amplifier 

Model 6824A 

Transient recovery time: less than 100 
psec to within 5 mV +O.OZ% of the 
nominal output.  

Models 6823A and 6824A are dual-purpose dc regulated power 
supplies and direct-coupled amplifiers. Two or more of these units 
can be connected in Auto-Series to obtain greater voltage capability. 
High speed constant current operation can be obtained by simply 
adding an external resistor in series with the load and making 
minor changes in the rear barrier strapping. 

Two temperature-compensated zener diodes are employed as ref- 
erence elements in a series regulator feedback circuit which monitors 
and controls the output voltage. The resulting low ripple and low 
output impedance permit these instruments to be used in critical 
power supply applications. Low internal dissipation assures reli- 
ability. 

As a power amplifier, the 6823A offers a signal-to-noise ratio of 
80 dB at full output with low distortion and 20 dB gain from dc-20 
kHz (kc) ; making it useful in a wide variety of applications. The 
output is inverted. Rack mounting hardware is available for mount- 
ing singly or in pairs in 31/2" of rack space. 

M:$oph/F ?fib,$ - i8y~z -182.90, 
10 kHz - 2 0 5 O ,  2O'kHz -225' Advantages: 

Power supply 
Output adjustable through zero 
High-speed programming 
Short-circuit-proof 
Low ripple and noise 
Fast transient recovery 
No overshoot for turn-on, turn-off, or power removal 

Power amplifier 
Variable gain 
High signal-to-noise ratio 
Low distortion 
Frequency response - dc to 20 kHz 

Applications 
As a dc Power Supply, Models 6823A or 6824A can be controlled 

from the front panel, or remotely programmed with resistance or 
voltage. The low output drift and noise combined with high speed 
programming adapt this supply to a wide variety of laboratory and 
production testing applications. 

As a dc coupled Power Amplifier, the unusally low output im- 
pedance, distortion, ripple and noise make the 6823A or 6824A 
useful in servo system, as a pulse or oscillator amplifier, and for 
motor control. Constant Current output is readily achieved by 
connecting a current monitoring resistor to the rear terminal barrier 
strip-makes an ideal driver-amplifier for deflection coils ! 

For more information, refer to Application Note 82, Power Sup- 
ply/Ampliher Concepts and Modes of Operation, free of charge 
from your local Hewlett-Packard field sales office. 

-a" " GI," 7 4 "  ",  , y p , w , , J ,  L d l r  t J 8 " -  

framming time between 10% and 90% of 
he maximum voltage span IS 15 psec. 

Specifications 

Input terminals: front and rear. 

MODEL 8 a m  
~ 

High speed programming 
dc power supply 

Output: -20 to +20 V dc @ 0-0.5 a 

Load regulation: 0.02% + 5  mV 

Line regulation: 0.02% + 5  mV 

Ripple & noise: 2 rnV rms 

Transient recovery time: less than 100 
psec to within 5 mV +0.02% of the 
nomimal output. 

Remote programming: 500 ohms/\/. Also 
voltage programming. 

10 watt peak ou tpu t  
de power amplifier 

Output: 40 volts p-p @ 0-0.5 a 

Voltage gain: Variable 0-10 (20 dB) ou t -  

Frequency response: at fu l l  output, *3 

put inverted. 

dB from dc to 20 kHz. 

Max. phase shift: dc -180' 
100 Hz -181O 1 kHz -183" 
10 kHz -205" 20 kHz - 2 2 5 O  

Distortion: <0.02% at 1 kHz and full out- 

Input impedance: 2k ohms approx. 

Input terminals: front and rear. 

put. 

AC input: 105-125/210-250 V ac, single phase, 50-440 Hz; 0.33 amp, 24 watts max. 
Meter: Dual purpose with selector switch; -24 to +24 volts, -0.6 to +0.6 amps. 
Size: 3%" H x 8%" W x 13" D (8.9 cm H x 21.8 cm W x 33 cm D). 
Weight: 16 pounds(7.26 kg) net, 20 pounds(9.07 kg) shipping. 
Price: $194. 
Rack mounting kits: refer to HVB Series(P472) for details. 

14513A: mounts one 3%" high unit-add $20.00 
14523A: mounts two 3%" high units-add $10.00 

Output:  -50 to +50 V DC @ 0-1.0 A 

Load regulation: 0.02% + 5  mV 

Line regulation: 0.02% + 5  mV 

Ripple & noise: 10 mV rms. 

output: 100 volts p-p @ 0-1.0 A 

Voltage gain: variable, 0-10 (20 dB), 

Frequency response: At full output, 

output inverted. 

+3 dB from dc to 20 kHz 

Programming speed: less than 50 psec 
are required for programming between Input impedance: 2k ohms approx. 

E" ! I  ""A , cn \ I  T,,";,.., H,, ,ha 

AC input: 105-125/210-250 V ac, single phase, 50-60 Hz, 1.3 amps, 96 watts max. 
Meter: triple purpose with selector switch: -60 to +60 volts, -1.2 to +1.2 amps, 

Size: 5%" H x 8%" W x 13" D (14 cm H x 21 .8 cm W x 33 cm D). 
Weight: 17 pounds (7.7 kg) net, 21 pounds(9.55 kg) shipping. 
Price: $350 
Rack mounting kits: refer to HVB Series(p472) for details. 

0 to 60 V rms 

14515A: mounts one 5%" high unit -add $23.00 
14525A: mounts two 5%" high units -add $13.00 

Other specifications for both models 
Temperature ratings: operating: 0 to 50°C. Storage $ 2 0  to 85°C. 

Temperature coefficient: 0.015% $1 mV per 'C. 

Stability: 0.075% $ 5  mV for 8 hrs. (after '/2 hr. warm-up); am- 
bient temperature variation held to 3°C. 

Overload protection: the unit is completely protected for all over- 
load conditions including a short circuit applied directly across 
the output terminals. 

/ 

Output terminals: both front and rear terminals are provided. 

Option 28: rewire for 230 V ac input. Unit as normally shipped is 
wired for 115 V ac input, and must be internally reconnected for 
230 V ac operation. Add $10 to price. 
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AND TIME 
INSTRUMENTATION 

b DCA'S , CONTROL FREQ 
SCHMITT 
TRIGGER GATE 

Electronic counters have proven to be 
the most accurate, flesible, and conve- 
nient instruments available for making 
both frequency and time interval meas- 
urements. Since the introduction of the 
first high-speed counter (the 10 MHz 
H P  Model 521A), more than 15 years 
ago, Hewlett-Packard has developed a 
broad range of both vacuum tube and 
solid-state counters m-ith a wide variety 
of features. Many vacuum tube models 
are still available, but they have generally 
been superceded by the solid state line of 
counters. The  counters and associated 
equipment can measure frequencies from 
0 cycles per second to 40 GHz, and time 
intervals from 10 nanoseconds to more 
than 100 days. 

An electronic counter is an instrument 
for comparing a n  unknown frequency 
or time interval to a known frequency 
or a known time interval. The  counter's 
logic is designed to present this infor- 
mation in a n  easy-to-read, non-ambigu- 
ous, numerical display. The  accuracy of 
this measurement depends primarily up- 
on the stability of the known frequency, 
which is derived from the counter's in- 
ternal oscillator. The  oscillators in H P  
counters are designed and built by H P  
and have excellent stability (both long- 
term and short-term ) .  All Hewlett- 
Packard counters are engineered for 
maximum reliability, accuracy and ease 
of operation. 

The  decision as to which electronic 
counter is best suited for a specific ap- 
plication depends upon the range and 
type of measurements to be made. See 
Electronic Counter Selection Guide (page 
198) .  Hewlett-Packard has a broad line 
of counters with wide ranges of maxi- 
mum frequency capability, accuracy, 
resolution and flexibility, 

Wi th  this very complete line of elec- 
tronic counters Hewlett-Packard also 
offers many input and output devices 
for these instruments. Included in the 
available accessory instruments are: 
digital recorders for automatic record- 
ing of counter measurements, digital 
clocks Lvliich control measurement inter- 
1x1s and supply information for simul- 
taneous recording, digital-to-analog con- 
verters for obtaining analog records of 
digital measurements, and scanners for 
receiving the outputs from several elec- 
tronic counters for display into a single 

/ recording device. Hewlett-Packard also 
manufactures magnetic and optical ta-  
chometers for rps measurement inputs 
to low-frequency electronic counters, and 

b + CONTROL FREQ 
INPUT- b SCHMITT 

TRIGGER GATE 
i 

to frequency meters such as  the H P  
5210A/B. 

Counter elements 
The electronic counter has several 

basic functional sections which can be 
interconnected in a wide variety of ways 
for making different types of measure- 
ments. Of these, the most important 
functional sections are: ( 1 )  the decade 
counting assemblies ( DCA's) with nu-  
merical displays to totalize and display 
the count; ( 2 )  the signal gate, which con- 
trols count start and stop with respect 
to time, and ( 3 )  the time base, which 
supplies the precise increment of time 
to control the gate for a frequency or 
pulse train measurement. Other sections 
include: signal shaping, display control, 
logic control and binary coded decimal 
I B C D )  output. The  logic control inter- 
connects the proper circuits for the de- 
sired measurement, selects the appro- 
priate measurement units for display 
and initiates the measurement cycle. The  
various modes of electronic counter 
operation are described in the following 
paragraphs, and accuracy is discussed 
on page 497 .  

Totalizing 
Electronic counters can be operated in 

a totalizing mode with the main gate 

DCA'S 

flip-flop controlled by the manual start- 
stop switch as shown in Figure 1. W i t h  
the switch in Start, the decimal counter 
assemblies totalize the input pulses until 
the main gate is closed by the switch 
being changed to Stop. The  counter dis- 
play then represents the input pulses re- 
ceived during the interval between man- 
ual Start and manual Stop The  unique 
feature of a Reversible Counter is each 
decade's ability to totalize in either a 
positive or negative direction. Signals on 
one input line are added, while signals 
on the other input line are subtracted; 
alternately, signals on the first input line 
may be added or subtracted, where in- 
formation regarding the direction of 
count is supplied to the second input line. 
The  H P  52804  can reverse its direction 
of count in 250 nsec. 

Frequency measurements 
For direct frequency measurements, 

the input signal is first supplied to a 
signal shaper Rhich converts the input 
signal (CW or pulses) to uniform pulses. 
The  output of the shaper is then routed 
to decade counting assemblies ( DCA's)  
through a gate controlled by the coun- 
ter's time base as shown in Figure 2 .  The  
number of pulses totalized in the DCA's 
for the selected period of time repre- 
sents the frequency of the input signal. 

START- STOP SIGNAL 
(MANUAL CONTROL) 

F i g u r e  1. 
s i g n a l .  

F u n c t i o n  s w i t c h  s e t  t o  m a n u a l  Start a n d  S t o p  t o  d e t e r m i n e  i n t e r v a l  for t o t a l i z i n g  i n p u t  

I START-STOP SIGNAL 

PERIOD 
TIME DDA'S SCHMITT 
BASE TRIGGER 

Figure 2. F u n c t i o n  s w i t c h  s e t  t o  F r e q u e n c y  a n d  g a t e  t i m e  s e l e c t e d  b y  t i m e  b a s e  s w i t c h .  



495 

INT. 
TIME 4 DDA'S --+ 
BASE 

SCHMITT 
TRIGGER 

CONTROL --+ DCA'S 
FREO 

SCHMITT -# 
TRIGGER GATE - - 

START-STOP SIGNAL 

- 

+ b CONTROL . FREO 
b SCHMITT - 

TRIGGER GATE DCA'S 

' i g u r e  3. F u n c t i o n  s w i t c h  s e t  t o  P e r i o d  a n d  c o u n t e d  f r e q u e n c y  s e l e c t e d  b y  t i m e  base  s w i t c h  

INPUT w-1 AMP 

F i g u r e  4 .  F u n c t i o n  s w i t c h  s e t  t o  P e r i o d  Average .  I n p u t  s i g n a !  c o n t r o l s  g a t e  f o r  c o u n t i n g  t i m e  
b a s e  f r e q u e n c y .  

T h e  frequency counted is displayed on 
a numerical readout, Lvith a positioned 
decimal point, and is retained until a 
new sample is taken. T h e  Sample Rate 
control determines the display time of 
the frequency measurement being made 
and initiates counter reset and the next 
measurement cycle. 

T h e  time base selector snitch selects 
the gating interval, positions the deci- 
mal point and selects the appropriate 
measurement units. It should be men- 
tioned that the near 5210A Frequency 
Meter, although not an electronic coun- 
ter, allows frequency measurements to 
an accuracy of 1% of reading on a 
special log linear scale. ( to  0.2% with 
calibrated offset option) 

Period measurements 
Period measurements are made with 

the counter functions arranged as shown 
in Figure 3. The  unknonn input signal 
controls the gate time, and the time base 
frequency is counted in the DCA's. The 
input shaping circuit selects the positive- 
going zero axis crossing of successive 
cycles as trigger points for opening and 
closing the gate. 

Period measurements allow more ac- 

curate measurements of unknown low- 
frequency signals because of increased 
resolution. For example, a frequency 
measurement of 100 Hz on the 5245L, 
u.ith a 10-second gate time will be dis- 
played as  0000.1000 kHz. A single pe- 
riod measurement of 100 Hz on an H P  
5 2 i 5 L  with 10 M H z  as the counted fre- 
quency, would be displayed as 0010000.0 
psec. Thus,  resolution is increased by a 
factor of 100. The  accuracy here is also 
affected by the i-1 count ambiguity 2 
the time base accuracy i the trigger er- 
ror. (Accuracy is discussed on Page -197.) 

Multiple period averaging 
T h e  effect of the 2 1  count ambiguity 

and trigger error can be minimized by 
multiple period averaging (Figure 4 ) .  
In the HP 5245L, for example, the func- 
tion selector switch is ganged to the 
decide divider assemblies (DDA's ) SO 

the input signal may he scaled in decade 
steps by factors up to 100,000 to reduce 
trigger error. T h e  2 1  count ambiguity 
is also reduced by a factor of 10 for each 
c!ecacie of scaling selected for the input 
signal. In the low-frequency measure- 
ment example above, the counter would 
display ~00~~0.000 psec for a 100 period 
average. ( T h e  function selector switch 
automatically shifts the decimal point in 
the display to show the correct reading 
for a single period.) 

Ratio measurements 
T h e  ratio of t n o  frequencies is deter- 

mined by using the lower frequency sig- 
na l  for gate control while the higher 
frequency signal is counted, a s  shown in 
Figure 5 .  Wi th  proper transducers, ratio 
measurements may be applied to any 
phenomena which may be represented 
by pulses or sine waves. Gear ratios and 
clutch slippage, as well as frequency di- 
\rider or multiplier operation, are some 
of the measurements which can be made 
using this technique. 

trigger error. 
T h e  accuracy may be improved by using 
the multiple period averaging technique 
discussed above. 

Accuracy is k 1  count 

Rate measurements 
With  a preset counter or a counter 

n.itf1 a preset plug-in, frequency meas- 
urements can be normalized automati- 
cally to rate measurements by appropri- 
ate selection of the gate time. The  coun- 
ter \vi11 then display a readout corres- 
ponding to the desired engineering units. 
For example: the HP 5214L Preset Coun- 
ter or the HP 5245L Counter with H P  
526.IA Preset Plug-in can be set to a 
gate time of 600 milliseconds to cause 
an input from a 100-pulse-per-revolu- 
tion tachometer to be displayed directly 
in revolutions per minute. 

LOWER 
SCHMITT 
TRIGGER 

START -STOP SiGNAL 

F i g u r e  5 .  
g a t e  c o n t r o l ,  w h i l e  h i g h e r  f r e q u e n c y  r e p l a c e s  t i m e  b a s e  as c o u n t e d  f r e q u e n c y .  

F u n c t i o n  s w i t c h  se t  t o  Pe r iod  a n d  t i m e  base  s w i t c h  t o  Ext.  L o w e r  f r e q u e n c y  se rves  a s  
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I - I W - I 

INPUT 

INPUT 

CONTROL 
GATE 

T I M E  I N T E R V A L  U N I T  
r - - - - - - - - - -  1 
I - 1  

I NT. 
TIME 
BASE 

START 
TRIGGER 

TRICGFR 

DDA'S - 

VIDEO 
AMPLIFIER 

PRESCALER 
I-212MHz (f 4)  0.25-53Mk 

TO COUNTER 

DCA'S El 

INPUT 
SIGNAL 

F i g u r e  6. 
w a v e f o r m  a s  s e l e c t e d  b y  C o m - S e p  s w i t c h .  

S t a r t  a n d  s t o p  s i g n a l s  d e r i v e d  f r o m  t w o  s o u r c e s  o r  f r o m  d i f f e r e n t  points o f  s a m e  

HARMONIC 
GENERATOR 

MIXER 

- 

Scaling 
The HP 5245L Solid-statecounter may 

be used for scaling (dividing down)  an 
input by a factor of 10". In this mode of 
operation, the input is routed through the 
decade dividers with the scaled output 
available from the rear of the c0unter.N 
is an  integer varying from 1 to 9,  selec- 
table at the rear panel. 

Time interval measurements 
Time interval measurements are simi- 

lar  to period measurements, except that 
the trigger points on the single wave- 
form or waveforms are adjustable. As 
shown in Figure 6 ,  separate signals may 
be used as start and stop signals or, by 

switching the Coni-Sep switch to "Corn," 
measurements may be made from one 
point on a waveform to another point 
on the same waveform. Triggering po- 
larity, amplitude and slope are se- 
lected for each channel independently. 
The time interval is displayed in units 
of microseconds, milliseconds or sec- 
onds. Accuracy is affected by the same 
factors which affect period measure- 
ments. 

Extremely short time intervals ( 10 
nanoseconds to 0.1 second) can be meas- 
ured accurately with the 5275A Time In-  
terval Counter. This instrument, using 
a 1 MHz external frequency standard, 
multiplies the lMHz to 1OOMHz to obtain 

10 nanosecond time increments as the 
"counted" frequency, which results in 
exceptionally fine resolution. 

Measurement of the time required for 
a number of random events to occur is 
possible with the 5214L Preset Counter. 
This instrument's decade dividers may 
be preset to close the gate on the N t h  
input pulse, where N is any number 
from 1 to 100,000. 

High-frequency measurements 
Accurate high-frequency measurements 

can be made with an  electronic counter 
by using heterodyne converters, transfer 
oscillators or automatic dividers. 

The unique capabilities of each will 
now be briefly described. 

Hetevodyne c0ncevtev.r measure the av- 
erage value of CW signals (even when 
FM'd to a certain extent) and have a 
resolution of down to 1 Hz in 1 second 
of counter gate time (HP 5255A: 4 sec- 
onds) .  Hewlett-Packard manufactures a 
series of heterodyne converter plug-in 
units (see pages 502, 503) which convert 
the unknown high frequency to a related 
frequency which is within the counter's 
basic range. Measurements to 12.4 GHz 
are possible. 

As an example we shall refer to  the 
H P  5255APlug-InUnit  (see Fig. 7 ) .  The  
tuning control selects the 200 MHz har-  
monic that gives a beat frequency output  
which, after prescaling by a factor of 
four, is within the 50 M H z  counting 
capability of the 5245L. At the same time 
the 52451. gate time is extended by a fac- 
tor of 4 so that direct readout on the 
5245L is achieved. The frequency reading 

INWT 
I-212MHz 

UNKNOWN 
BALANCED TUNING 

METER 

CAVITY TUN'NG 1 1 ZMk 

IOMHr FROM 
CWNTER 

LOCK LOOP 

0 SC I LLATOR 
TO COUNTER 

F i g u r e  7. H e t e r o d y n e  c o n v e r t e r  m e a s u r e m e n t  ( B l o c k  d i a g r a m  o f  HP F i g u r e  8.  T r a n s f e r  o s c i l l a t o r  m e a s u r e m e n t .  C o u n t e r  m e a s u r e s  
5255A F r e q u e n c y  C o n v e r t e r ) .  C o u n t e r  m e a s u r e s  d i f f e r e n c e  f r e q u e n c y .  o s c i l l a t o r  f r e q u e n c y .  
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on the counter is then added to the setting 
on the tuning dial to give the unknown 
frequency. 

T r d n s f e r  oscil ldtors,  on the other hand, 
are more versatile. They can measure FM 
or pulsed signals, as well as C W  signals, 
over a very wide frequency range, can 
produce N H z  resolution in 1 second 
counter gate time where N is the har- 
monic number, but require calculations 
(and perhaps two measurements) and 
thus need more operator training and 
time. Note that accuracy may be less 
when measuring the carrier frequency of 
pulsed signals. 

In operation, the transfer oscillator 
generates a variable frequency, which is 
selected so that a known or determinable 
harmonic of that frequency zero beats 
with the unknown C W  signal (see Fig. 
8 ) .  The  transfer oscillator frequency is 
then measured on the counter and mul- 
tiplied by the harmonic number to give 
the unknown frequency. In the H P  
2590B, zero beat is obtained by an  auto- 
matic phase lock loop after one of the 
nearest subharmonics has been manually 
tuned. Measurements to 15 G H z  are pos- 
sible with the HP 2590B, and to 40 G H z  
with the H P  540B with related instru- 
ments. 

Antomdtir freqi tency diciders provide 
automatic measurement and direct read- 
out of a wide range of C W  frequencies, 
and furnish 1000 Hz resolution in 1 sec 
although little FM can be tolerated. Mea- 
surements from 0.3 G H z  to 12.4 G H z  can 
be achieved using the HP 526OA with a 
suitable counter. The  5260A zero beats 
with the input automatically and without 
offset and then provides an output fre- 
quency equal to exactly 1/100 or 1/1000 
of the input frequency depending upon 
the division ratio switch setting. 

Time-base oscillator accuracy 
Definition of time base oscillator sta- 

bility requires knowledge of long-term 
stability, short-term stability, and the ef- 
fects of line-voltage and ambient tem- 
perature changes. 

Long-term stability (also called crystal 
aging rate or drift ra te)  refers to slow 
changes in average frequency with time 
due to secular changes in the resonator or 
other elements of the oscillator. This is 
usually expressed in fractional parts per 
unit time such as “parts in 10” per day.” 
T h e  drift rate of a crystal oscillator is 
predictable after an initial aging-in pe- 
riod and it generally assumes a linear 
characteristic. The  slope of this line is the 
long-term drift rate of the oscillator. The  
drift is cumulative. Various methods 
exist for determining this drift rate and 
for calibrating the oscillator to a desired 
standard. Refer to Application Note 52, 
“Frequency and Time Standards”, which 
is available from HP upon request. HP 

specifies maximum aging rates instead of 
using less conservative “typical” or sta- 
tistical stability definitions. 

Short-term stability is an additive fac. 
tor in over-all accuracy and refers to 
changes in average frequency over a time 
sufficiently short such that the change in 
frequency due to long-term effects is 
negligible. Good short-term stability is 
necessary to permit close agreement f rom 
measurement to measurement. Short- 
term specifications on a counter’s internal 
time base oscillator indicate the average 
effect of all noise on the counter’s gate 
time accuracy over a certain averaging 
time. Thus, in the H P  5245L with 2 parts 
in 10” rms for 1-second averaging, there 
is no short-term contribution to the gate 
error for a frequency measurement. This 
excellent performance is obtained using 
a crystal oven with proportional elec- 
tronic control, instead of a less expensive 
but less stable on-off thermostat control. 
Averaging time should be expressed over 
a realistically short-time period; long 
averaging times can mask large short- 
term changes. 

The  attainable accuracy of any elec- 
tronic counter is limited by the time 
base oscillator stability, since the time 
base oscillator supplies the definitive 
time information for a measurement. 
The time base must be calibrated peri- 
odically, since the drift rate will cause 
a cumulative deviation in frequency 
which can result in a measurement error. 
Figure 8 graphically illustrates the at-  

tainable accuracy of the H P  5215L coun- 
ter assuming an overall time base accu- 
racy of 1 x 10-s a t  time of use. Accuracy 
versus measured frequency is plotted and 
crossover points indicate areas below 
which determination of frequency is bet- 
ter performed by period measurement. 

T h e  ‘1 count ambiguity is inherent in 
measurements made with an electronic 
counter because the gating is not nor- 
mally coherent with the input signal. 
It is possible for the gate to open or 
rlose while an input pulse is passing 
through so that this pulse may or may 
not be included in the final count. The 
degree to which the 2 1  count ambi- 
guity affects measurement accuracy is 
determined by the factor l/displayetl 
count. 
Period measurement accuracy is affected 
by trigger error ( a  function of the in- 
put signal-to-noise ratio and rise t ime) ,  
and by the time base stability, and is 
computed as  follows : percentage error =- 

i ( f,b/f, 1 + 0.003 + L.T.  + S.T. ) x 

100, where f,i, = time base frequencV 
counted, f ,  = sine wave input frequency 
with 40 dB signal-to-noise ratio, 0.003 = 

trigger error, L.T. = long-term stability 
of time base oscillator, and S.T. = short- 
term stability of the time base oscillator. 
This total error is reduced by the num- 
ber of periods averaged when multiple 
period average operation is selected 

IOHz lkHz IOOkHz IO 0 0 M H I 

MEASURED FREQUENCY 

Figure 9. Attainable accuracy of 5245L Counter. Period measurement accuracy based on 
10 MHz counted frequency. Time base accuracy was assumed to be 1 part in 108 overall for 
this example. 
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ELECTRONIC COl z u  FREQUEMCY SELECTION GUlD 

Instrument 

Most versatile, accurate 
HP Counter 

Economical Counter with 
Plug-in versatility 

Solid-state general purpose counters 

Frequency BCD 
Range Measures* Readout output 

0 Hz to 50 MHz 

0 Hz to 50 MHz 

F, P, MPA, R, M R t  

F, R, M R t  

8 digits in- l ine 

6 digits in- l ine 
std. 

Time Base 
Aging Rate 
(gate times) 

=t 3/10 9/d a y 
(1 Fsec-10 sec) 

+2/107/month, 
+3/109/day 

optional 
(1 psec-1 sec) 

I (7 or 8 optional) I 

Model Price Page 

5245L $2950 500 

5246L $1950 499 

Economical 50 MHz 
Counter 

Compact, wide range, 
versatile 

Compact, economical 
versatile 

Economical Universal 
Counters; stable, wide 
range trigger controls 

Versatility at moderate 
cost 

0 Hz to 50 MHz 

0 Hz to 12.5 MHz 

F, P, MPA, R, MR 

F, P, MPA, R, MR, T I  

7 digits in- l ine 

6 digits in- l ine 

2 Hz to 5 MHz F, P, MPA, R, MR, T I  5 digits in- l ine opt. 

0 Hz to 2 MHz 

0 Hz to 300 kHz 

2 Hz to 1.2 MHz 

F, P, MPA, R, MR, T I  

F, P, MPA, R, MR, T I  

F. P. MPA. R. MR 

6 digits in- l ine 

5 digits in- l ine 

6 dieits in- l ine 

Low cost, low frequency 
Counters 

Solid-state special purpose counters 

, ,  , ,  

6 digits colunmar std. 

2 Hz to  300 kHz F, P, MPA, R, MR 5 digits i n  line- 
5 digits columnar 

2 Hz to 300 kHz F, R 4 digits in- l ine 
4 digits columnar 

INTER 

Instrument 

Reversible Counter, 
versatile high speed 

Preset Counter, 
normalizes count, 

E 

BCD 
Range Measures* Readout output Time Base Model Price Page 

0 Hz to 2 MHz Count A, B, A+B, 6 digits in- l ine External 5280A $1450 520 
A- B, Af (B), A Quad (7 or 8 optional) (internal optional) (5285A) ($ 450) 
B 

ratio, ratio, t ime for 
2 Hz to 300 kHz Normalized rate and 5 digits in- l ine std. *2/106/week 5214L. $1300 518 

versatile I N events 
Time Interval Counter I 10 nanosec-0.1 sec I TI I 7 digits columnar 

Vacuum tube general purpose counters: These models have generally been replaced by solid -state models above. 
I I I I 

External I 5275A I $2450 I 527 

Frequency 
Instrument Measures' 

1 Hz to 120 kHz** 

I 

10 Hz to 120 kHz** F, P, T I  

5 digits in- l ine 
5 digits columnar 

4 digits in- l ine 
4 digits columnar 

F, elapsed t ime 

Readout 

5 digits in- l ine 

BCD 
output 

opt. 

i 1 Hz to 1.2 MHz I F, elapsed t ime I 5 digits columnar I 

Time Base 
Aging Rate 
(gate times) Model 

* 5/10 g/wee k 
(1 msec-1 sec) 524D 

*2/106/week 
(1 msec-10 sec) 523D 

~~~~ ~ 

* l / lO5/week I 5228 
(1 msec-10 sec) 
Power l ine*** I 521G 

10.1, 1 s e d  

0.01% crystal 
(0.1-10 sec) 

Power l ine*** 
(0.1, 1 sec) 

$2650 

$1700 

$1100 

$ 650 

*F-Frequency, P-Period; MPA-Multiple Period Average, R-Ratio, MR-Multiple Ratio, TI-Time Interval, PD-Phase Delay 

tAccepts plug-ins for wide variety of other measurements 

**220 kHz with Option, add $35. 
***O.Ol% crystal, add $100. 



499 

ELECTRONIC COUNTER 
Economical 50 MHz plug-in counter 

Model 5246L 

T h e  5246L offers the  circuit advantages, basic 0 to  50 
MHz range and  plug-in accessory feature of the HP 5245L 
(p .  500) .  Plug-ins purchased f o r  the 5245L can be used with 
the  5246L (see p. 502 to 506  for performance with 5246L) .  
T h e  5246L has display storage, a 6-digit readout ( 7  and  8- 
digits opt ional) ,  and  without any plug-ins will measure fre- 
quency and  frequency ratio. BCD output  and a higher 
stability ( 3  x lO-O/day) crystal t ime base are optional. A dual 
field-effect transistor input  amplifier offers almost constant 
1 megohm/25  p F i n p u t  impedance, and H P  10000  Series 
Probes can be used. 

Frequency ratio ( f l / f 2 )  is measured by connecting signal 
f, (100 Hz to  1 MHz) in place of the counter’s t ime base 
(BNC at rear ) ,  and  connecting f ,  ( u p  to 50 MHz) to  the 
SIGNAL I N P U T ,  Mult iple  ratios can be measured from 10 
to 106 in decade steps. 

Specifications 

Frequency measurements 
Range: 0 to 50 MHz (dc coupled input ) .  2 5  Hz to 50 MHz 

Gate Time: 1 p e c  to 1.0 seconds in decade steps. 
Accuracy: I+ 1 count ?time base accuracy. 
Reads in: kHz or MHz with positioned decimal point; units 

annunciator in line with digital display. 
Self Check Counts 10 MHz for the gate time chosen by the 

time base selector switch. 

(ac coupled input, maximum sensitivity). 

Time base 
Frequency (internal) : 1 MHz. 
Stability: Aging rate: less than 2 x 10-‘/mo. 

As a function of line voltage: less than f l  part in 10‘ for 
changes of ?lo%. As a function of ambient temperature: 
less than 1 2  parts in 106 ( + l o o  to + 5 O 0 C ) ,  t 2 0  parts 
in 1 0 6  (OOC to +65OC). 

External input: Sensitivity: 1 volt rms into 500 ohms, sine 
wave. Range: 100 Hz to 1 MHz, sine wave. 

Output Frequency: 1 MHz, > 3  V p - p  into 1 KQ. 

General 
Registration: 6 digits in-line with rectanoular Nixie tubes and 

display storage; 999,999 max. display. 

Display Storage: Holds reading between samples; switch 
overrides storage. 

Sample Rate: Time following a gate closing during which 
the gate may not be reopened is continuously variable from 
less than 0.2 sec to 5 seconds in frequency mode, inde- 
pendent of gate time; display can be held indefinitely. 

Operating Temperature Range: O°C to + 6 5 O C .  

Maximum Sensitivity: 100 mV rms; coupling, AC or DC. AC - 
coupling has 0.022 ,,,f 600 V D C  capacitor ( - 3  dB at ap- 
proximately 7 H z ) .  

Signal input 

impedance: 1 nieg shunted by 2 5  pF. 
Overload: Diode clamps in series with 100 K and 0,001 ,,,f 

protect input circuit for up to 120 V rms. Input resistance 
for overload condition (beyond approx. 1 V )  is approxi- 
mately 0.1 megohm. 

Weight: Net, 2 8  Ibs (12,8 kg )  with blank plug-in; shipping, 
36 Ibs (16,4 kg) .  

Power Supply: 115 or 230 volts *lo%, 50 to 60 Hz; 95 watts 
(50 to 1000 Hz operation, inquire). 

Accessories Furnished: H P  10503A Cable, 4 feet long, male 
B N C  connectors. Detachable Power Cord, 71/2 ft. (2040 
mm)  long, NEMA plug. Circuit Board Extender. 

Price: $1800. 

01: 7 digit readout, $100. 
02: 8 digit readout, $200. 
03: 1-2-2-4 “1” state positive 4 line BCD output. 

Options 

“0” State Level: -8 v. 
“1” State Level: + 18 V. 
Impedance: 100 K ohms, each line. 
BCD Reference Levels: 

Approximately + 17 V, 350Q source. 
Approximately -6.5 V, 1 0 0 0 ~  source. 

Print Command: + 13 V to 0 V step, dc coupled. 
Hold-off Requirement: + 15 V min., + 2 5  V mas .  from 
chassis ground ( 1 0 0 0 ~  source). 
Cable Connector: Amphenol 57-30500, 1 req’d $75. 

04: Similar to Option 03 except output is 1-2-4-8 “1” state 
negative 4 line BCD. $85. 

05: Similar to Option 03 except output is 1-2-4-8 “1” state 
positive 4 line BCD. $85. 

06: High Stability Time Base Oscillator: Specifications under 
“Stability”, Model 5245L specification, page 501, apply. 
$300. 



500 

Advantages: 
Plug-ins for wide variety of measurements; frequen- 

Excellent long and short-term stability 
High input impedance on all ranges 
Ac or dc coupling (dc usable to 50 MHz) 
Two-mode trigger level control 
Readout storage; BCD output 

cies to 12.4 GHz 

This solid-state electronic counter measures frequency, 
period, multiple period average, ratio and multiples of ratio 
and can be used to scale a signal by decades, Plug-ins, which 
go directly into the front panel, extend frequency measure- 
ments to 12.4 GHz, permit time interval measurements, 
and will perform a variety of other functions. The basic 
counter (without plug-ins) offers a counting rate of 50 MHt  
with %digit resolution. For plug-ins, see p.502-506. 

Excellent stability is attained with a proportionally con- 
trolled oven for the quartz crystal. Careful design consider- 
ation of the effects of temperature and line voltage con- 
tributes toward greater realizable measurement accuracy. The 
time base aging rate of better than 3 parts in lO9/day makes 
it useful as a frequency standard, Short-term stability exceeds 
2 x 

A dual FET input amplifier provides 1 meg/25 pF input 
impedance, independent of attenuator setting and frequency 
up to 50 MHz. Low VSWR is therefore attainable when 
properly terminated, High impedance probes (e.g., H P  
10000 Series) may be used in the same manner as with 
high frequency oscilloscopes. 

(1 sec. averaging time). 

Basic Counter Operation 
The 5245L (without plug-ins) measures frequencies and 

repetition rates of periodic or random pulses from 0 to 50 

ELECTRONIC COUNTER 
Most accurate, versatile HP plug-in counter 
Model 5245L 

millions pps, Gate times from 1 psec to 10 seconds are 
selected with a front panel switch. Multiple period average 
to IO5 periods is obtained without need for a separate plug- 
in. This capability, which also applies for ratio measure- 
ments since the decade divider assemblies are usable at any 
frequency, makes possible accurate measurements at low and 
intermediate frequencies. The increase in accuracy over that 
possible in single period or ratio is a direct result of division 
of the trigger error by the averaging factor, as well as the 
result of increased resolution, Ratios of frequencies that are 
almost identical can be accurately resolved. 

The basic counter will also scale (divide) an input fre- 
quency as high as 50 MHz in decade steps by factors up to 
109. For example a 14 MHz signal can be divided to 0.014 
Hz. A rear panel BNC connector and switch provide your 
choice of nine 5245L output frequencies. 

Display storage and a Sample Rate control are provided. 

Input Signal Triggering 
Both preset and adjustable modes are provided. In PRE- 

SET, trigger level is optimum for signals which are sym- 
metrical about ground; it is useful for most applications, and 
is automatically selected when plug-ins are used (without 
moving the TRIGGER control to PRESET). In ADJUST- 
ABLE, the control can be rotated for counting + or - 
pulses, or for unusual signal conditions. 

Electrical Readout and Remote Control 
Four-line BCD code output is provided and is suitable for 

systems use or for output devices, such as Model 562A or 
5050A Digital Recorder, and Model 580A or 581A Digital 
to Analog Converter. Other codes and remote control of 
front panel switches are optional. 
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Specifications 
Frequency measurements 

Range: 0 to 50 MHz (dc input), typical response < f l  dB, 

Gate time: 1 psec to 10 seconds in decade steps. 
Accuracy: t 1 count k time base accuracy. 
Reads in: kHz or MHz with positioned decimal point; units an- 

Self check counts 10 MHz for the gate time chosen. 

Frequency range: 0 to 50 MHz. 
Factor: by decades up to IO9, switch selected on rear panel. For 

Input: front pane!, signa! input. 
Output: in place of time base output frequencies. 

Range: SINGLE PERIOD . . . . . . . . . . . . . . . . . . . . . . .  .O to 1 MHz. 

Periods averaged: 1 period to IO5 periods in decade steps. 
Accuracy: 
Frequency counted: 

25 Hz to 50 MHz (ac coupled). 

nunciator in line with digital display. 

Scaling 

+ 2, + 4, +8, add H P  5252A Prescaler. 

Period average measurements 

MULTIPLE PERIOD . . . . . . . . . . . . . . . . . . . .  .O to 300 kHz 

count t time base accuracy k trigger error.* 

1 A N D  10 PERIOD . . . . . . . . .  . 1  Hz to 10 MHz in decade steps. 
100 PERIOD . . . . . . . . . . . . . . . . . . . . . . . . . .  .10 Hz to 10 iMHz. 
1,000 PERIOD . . . . . . . . . . . . . . . . . . . . . . .  ,100 Hz to 10 MHz. 
10,000 PERIOD . . . . . . . . . . . . . . . . . . . . . . . .  . 1  kHz to 10 MHz. 
100,000 PERIOD . . . . . . . . . . . .  . . . . .  .10 kHz to 10 MHz. 

Reads in: Sec, ms, ps, with pos d decimal point; units an- 
nunciator in line with digital display. 

Self check: gate time in 10 ys to 1 sec (periods averaged of 100 
kHz) ; counts 100 kHz from the time base. 

Ratio measurements 
Displays: ( fl/fz) times period multiplier. 
Range: fl:Oto 50 MHz. f?:Oto 1 MHz in single period. 0 to 300 

kHz in multiple period; periods averaged 1 to IO3 in decade steps. 
Sensitivity: 0.1 V rms, each input (max.). 
Accuracy: 2 1 count of f1 * trigger error* of f:. fl is applied to 

the decimal counters (enters Time Base Ext.jack on front panel), 
f: is frequency applied to decade dividers (enters Signal Input jack). 

Reads in: dimensionless; positioned decimal point for number of 
periods averaged. 

Self check Period Average Self Check applies. 

Frequency (internal): 1 MHz. 
Stability: AGING RATE-less than 3 parts in 10' per 24 hours.t 

AS A FUNCTION OF TEMPERATURE-less than t 2 parts in 10" 
per " c  from -20" to + 55°C. As A FUNCTION OF LINE 
VOLTAGE-less than 3~ 5 parts in 10'' for f 10% change in 
line voltage from 115 V or 230 V rms. 

Short term-less than 2 parts in 10" rms with measurement a\-- 
eraging time of one second under constant environmental and 
line voltage conditions. 

Adjustment: Fine frequency adjustment (range approximately 
4x10-') and medium frequency adjustment (range approxi- 
mately lxlO-') are available from the front pane! through the 
plug-in hole. Coarse frequency adjustment (range approximately 
1 ~ 1 0 . ~ )  is available at the rear of the instrument. 

1. Rear panel: 0.1 Hz to 10 MHz in decade steps; switch 
selected on rear panel; all frequencies available in manual 
function without interruption at reset except 100 Hz, 10 Hz, 
1 Hz, and 0.1 Hz which are interrupted by manual reset; 
10 kHz to 10 MHz available continuously in all functions; 
1 kHz available continuously for all functions except 100 k 
period average; stability same as internal time base; 5 volts 
p-p rectangular ware with 1000 ohm source impedance at 
1 MHz and lower; 1 volt rms sine wave with 1000 ohm 
source impedance only at 10 MHz. 

2. Front panel: 0.1 Hz to 1 MHz in decade steps: by Time 
Base switch; availability defined under Output Frequencies 
(1) above; stability same as internal time base; 1 V p-p. 

External standard frequency: 1 MHz, 1 V rms into 1000 

Time base 

Output frequencies: 

ohms required at rear panel BNC connector. 
Genera I 

Registration: 8 digits in-line with rectangular Nixie@ tubes; 

*Trigger error i s  less than r 0 . 3 %  of one Period + periods averaged for  signals 

i A f t e r  72 hours of continuous operation. @Burroughs Corporation. 
with 40 dB or better signal-to.noise ratio. 

99,999,999 max. display; total width of display including units 
annunciator and auto-positioned decimal point indication does 
not exceed 7 inches. 

Display storage: holds reading between samples; switch over- 
rides storage. 

Sample rate: time following a gate closing during which the gate 
may not be reopened is variable from less than 0.2 sec. to 5 
seconds in frequency mode, independent of gate time; display 
can be held indefinitely. 

Operating temperature range: -2O'C to f65"C.  
Connectors: BNC (exc. remote program and BCD out). 
Signal input: 

Maximum sensitivity: 100 mV rms. 
Attenuation: step attenuator (SENSITIVITY switch) pro- 

vides nominal sensitivities of 0.1, 1, and 10 V rms. 
Trigger level adjustment (min.): front panel control has 
10.3 V trigger level range on 0.1 V position, *3 V range 
on 1 V position, f 3 0  V range on 10 V position. A PRESET 
position automatically centers trigger level at 0 V. 

Impedance: 1 meg. parallel with approx. 2 5  pF, all ranges. 
Coupling: ac or dc, separate BNC connectors. AC coupling has 

600 V dc, 0.22 ,pF capacitor (-3 dB at approx. 7 Hz) .  
Overload protection: diodes protect input circuit for up to 120 

V rms on 0.1 V range, 250 V rms on 1 V range, 500 V rms 
on 10 V range. Input resistance for overload conditions (in- 
put amplitude > ten times SENSITIVITY) is 100 kQ on 
0.1 V range, and is approximately 1 MQ on other ranges. 

Pulse measurements: front panel TRIGGER LEVEL adjust- 
ment allows counting positive or negative pulses. 

Time base external input (front panel) : 
Maximum sensitivity: 100 mV rms. 
Impedance: 1 megohm, approx. 20 pF, dc coupled. 
Overload: diodes protect input ckt. up to 120 V rms. 

Digital output: 4-line BCD 1-2-2-4, "1" state positive. 4-line 
BCD 1-2-4-8, available as Option 02 ("1" state positive and 
Option 03 ("1" state negative). 
"0" STATE LEVEL: -8 V. "1" STATE LEVEL: + I 8  V. 
Impedance: 100 k ohms, each line. 

approximately -6.5 V, 1000-Q source. 
Print command: + 13  V to 0 V step. DC-coupled. 
Cable connector:Amphenol 50-pin 57-30500, 1 req'd. 
Hold-off requirement: f l 5  V min., + 2 5  V max. from 

Dimensions: 5 % "  high by 16%" wide. 
Weight: net, 32 Ibs (14,4 kg) with blank plug-in panel; 

shipping , 40 Ibs ( 18,2 kg) .  
Power supply: 115 or 230 volts * l o % ,  50 to 60 Hz; 95 watts. 

(50  to 1000 Hz operation, price on request.) 
Accessories furnished: 10503A Cable, 4' long, male BNC 

connectors. Detachable Power Cord, 7y2 ' long, NEMA plug. 
Circuit Board Extender, rack mount conversion parts. 

BCD reference levels: approximately f 17 V, 3 5 0 4  source; 

chassis ground (1000-Q source). 

Price: Model 5245L, $2,950. 
Optional and special features: 

Option 02. 4-line BCD 1-2-4-8, "1" state positive (for  digit^ 
only) in lieu of 1-2-2-4 (identical in other respects to above 
output data), add $10. 

Option 03. 4-line BCD 1-2-4-8, "1" state negative (for digits 
only) in lieu of 1-2-2-4 (identical in other respects to above 
output data), add $10. 

J35-5245L: similar to 52451. with Option 02 except has 1-2-4-8 
output "I" state positive for digits, measurement units, and 
decimal point, $2,980. (Note: hZ47-562A/AR Printer is espe- 
cially suitable for J3 5.5 24 5L.) 

J36-5245L: similar to 52451. with Option 03 except has 1-2-4-9 
output "1" state negative for digits, measurement units, and 
decimal point, $2,980. (Note: P64-562A/AR Printer is espe- 
cially suitable for 536-5245L.) 

Electromagnetic compatibility: Model H60-524SL meets the re- 
quirements of military specification MIL-I-6181D, price on re- 
quest. 

Remote operation: all functions which may be programmed 
from the front pane! controls (in normal use) may be pro- 
grammed from a remote location except for the "Sample Rate" 
(as defined above) and the sensitivity control setting: order 
H65-5245L, price on request. 
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Advantages: 
Retains counter accuracy 

U p  to 1 Hz resolution in 1 to 4 seconds measurement 

Easy to operate-has smooth, backlash-free, spurious- 

Sensitivity is high and relatively constant 

A C  coupled input in most models 

t ime 

free tun ing  and a level indicator 

Frequency converters increase the range of your 5245L 
o r  5246L Counter to  100, 500, 3000, or 12 ,400  MHz fo r  
C W  signals. T h e  stability and accuracy of the basic counter 
are retained in these higher frequency measurements because 
the converters use a multiple of the 10 MHz signal f rom the 
electronic counter crystal oscillator to beat with the signal 
to  be measured. Operation of the equipment  is simple and 
convenient permitt ing non-technical personnel to make fre- 
quency measurements u p  to  12 .4  GHz quickly and  accurately. 

T h e  basic measurement ranges of the counter are retained 
with the converter installed, Measurements to 50 MHz are 
obtained simply by moving the counter Sensitivity control 
off the “plug-in” position and connecting the input signal 
directly to the counter input.  

T h e  A C  coupled inputs of the 5251A, 5253B, and  5254B 
prevent D C  voltages which may be present along with the 
signal f rom affecting the measurement sensitivity or dam-  
aging the, mixer circuits in the converter. T h e  higher fre- 
quency A C  coupled converters (5253B and 5 2 5 4 B )  are 
unique in that the A C  coupling is integrated into the input 
circuit, so it behaves as a transmission l ine with good V S W R ;  
this results in relatively constant impedance ( a n d  converter 
sensitivity) over the entire frequency range. Thus ,  perform- 
ance of these higher frequency converters is better than if 
A C  coupling were achieved by simply using a series capaci- 
tor. V S W R  of the 5255A is also excellent. 

Models j z53B,  5254B,  and 5255A are cavity-tuned. Since 
constant bandwidth cavities are used, tun ing  peaks and dial 
“feel” ( tun ing  peak spread) are the same over the entire 
dial. 

FREQUENCY CONVERTERS 
Measure to 12.4 GHz with counter accuracy 
Models 5251A, 5253B, 5254B, 5255A 

Operation 

T h e  converter subtracts multiples of 10, 50, or 200 MHz 
(depending  upon converter model)  f rom the C W  frequency 
to  be measured and provides the difference to be  measured 
by the counter. For example, if a frequency of 279.25 MHz 
is to be measured with the 5253B, the operator tunes the 
converter dial upward until the  converter Level Indicator 
shows an acceptable voltage level. This  will occur a t  a dial  
reading (mixing  frequency) of 270 MHz for  a 279.25 MHz 
input.  A t  this dial setting, the converter will subtract 270 
MHz f rom the  input signal and  pass 9.25 MHz, which the 
counter will measure a n d  display. T h e  measured frequency 
is then the sum of the counter reading and the 5253B dial 
reading. 

Readout resolution is 1 Hz with the counter gate  t ime set 
to 1 second, 0.1 Hz at  10 seconds, 10 Hz at 0.1 second, etc. 
Counter gate  time is automatically multiplied by 4 when the  
5255A is used. 

Model 5255A 

T h e  5255A’s wide frequency measuring range is unique  
in the microwave converter field. Previously, only transfer 
oscillators could make h igh  accuracy 3 t o  12.4 G H t  measure- 
ments. Now,  the 5255A and 5245L or 52461, measure fre- 
quencies through X-band with greater speed, accuracy, and 
simplicity at comparable price. 

T h e  525SA can be used as a prescaler to extend the  count- 
ing  and direct readout range of the  5245L or 5246L to 200 
MHz. This  is because the 5 2 5 j A  has an  internal prescaler 
which divides both the  0 to  200 MHz heterodyne difference 
frequency and the 52452. or 5246L time base by a factor 
of four  to achieve direct readout in MHz on the 50 MHz 
5245L or 5246L Counter. T h e  prescaler input  is available 
at the A U X  IN port ,  and inputs as low as 5 m V  between 1 
and 200 MHz are prescaled by 4 and displayed directly in 
MHz on the counter. T h e  5 2 5 5 8  is also useful as a down-  
converter; the heterodyne difference frequency is available 
a t  t he  A U X  O U T  port, so that 3 to 12 .4  GHz inputs can be 
beat down to 200 MHz maximum, for  oscilloscope observa- 
tion, etc. Similarly, by adding  a detector a t  A U X  O U T ,  the  
uni t  serves as a receiver. 

HEWLLTT , P A C K A  

5255A 
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RANGE 

Specifications 

5255A* 52548 * 52538 * * 5251At 

20 to 100 MHz 3 to 12.4 GHz; as a 
prescaler, 1 MHz to 

0.2 to 3 GHz 50 to 512 MHz 

50 mV (-13 dBm) to 
1 V (+I3 dBm) 

FIXING FREQUENCIES 1 2.8 to 12.4 GHz in 200 
MHz steps 

50 mV (-13 dBm) to 
1 V (+13 dBm) 

0.2 to 3 GHz in  50 MHz i 50 to 500 MHz in  10 I 20 to 100 M H ~  in  IO 
steps MHz steps MHz steps 

INPUT VOLTAGE RANGE 
(min. to max., rms) 

100 mV (-7 dBm) to 
0.7 V (+lo dBm); as 
a prescaler, 5 mV 
(-33 dBm) to 0.22 V 
(0 dBm) 

2.2 V rms (+20 dBm); 
125 Vdc 250 Vdc 

2 V rms (+19 dBm), 

50 mV (-13 dBm) to 
1V(+13dBm); typical 
sensitivity, 20 mV 

2 V rms ($19 dBm), 
100 Vdc 

MAXIMUM INPUT 
0 VERLOAD 

INPUT COUPLING 

0.7 V rms (+lo dBm) 
(as converter or 
prescalei) 

dc ac ac ac 

WEIGHT net 
shipping 

NOMINAL INPUT 1 lMPEDANCE 

optional) 

8% Ibs., 3,8 k g  5 Ibs., 2,3 kg  1 5 Ibs., 2,3 kg 2 Ibs., 0,9 kg  
12 Ibs., 5,5 kg  9 Ibs., 4 , l  kg  1 9 Ibs., 4 , l  kg  6 Ibs., 2,7 k g  

I 50 ohms 

1 PRICE 

50 ohms 50 ohms i 

$1,650 $825 $50011 $300ff 

50 ohms 

1 ACCURACY maintains counter accuracy I 
1 - 1  ~~ ~ 

REGISTRATION 

1 LEVEL INDICATOR 

counter display in  MHz is added to converter dial reading 

meter aids frequency selection and indicates usable signal level 
~~ 

INSTALLATION into front panel plug-in compartment of some HP Electronic Counters (see footnote) 1 I INPUT CONNECTOR Precision Type N 1 female (GPC-7, 
I BNC female I BNC female Type N female 

52548 FREQUENCY CONVEP1E.R e - 3 0  QUI 
HEWLETT PACXRRD 

5253B 

5254B 5251A 
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T h e  HP iModel 5264A Preset Uni t  extends the versatility 
of the time bases of the HP 5245L and 5246L Electronic 
Counters, and the counters retain their basic functions and 
measurement range. Decade dividers in the  preset uni t  con- 
trol  the counter gate; N may be any integer between 1 and 
100,000. T h e  5264A makes possible the following: 
N x frequency measurements (5245L, 5246L) : gate 

time is controlled by the preset decades ( N )  and the 
counter’s Time Base switch. T h e  gate is held open for  N 
periods of the time base setting. 

This  selectable gate t ime makes possible normalized 
readings or conversion of frequencies into practical units. 
T h e  long  gate times that are available (5245L-106 sec; 
5246L-103 sec) permit accurate measurement of low 
frequencies, 

Ratio, N x ratio measurements (5245L only) : permits 
ratio measurements with a choice of normalizing factors 
f rom 1 to 100,000 in one-digit  steps. T h e  counter displays 
N f ,  +- f2 ,  and f ,  is counted fo r  N periods of f?. 

Dividing by N (f/N) (5245L, 5246L):  permits division 
by N of any input frequency up  to  100 kHz.  W i t h  the 
5245L only, a prescaling technique allows frequencies as 
high as 50 M H z  to be divided by a five-digit number, 
provided that the frequency supplied the preset unit  does 
not exceed 100 kHz .  

N x period measurements (5245L only) : measures the 
time fo r  N events to occur in increments of 0.1 psec to 10 
seconds, depending on  the setting of the counter’s Time 
Base switch. Period and  multiple period measurements are 
also easily made, Period average is determined by divid- 
ing the t ime reading by N. 

Preset Counting (5245L, 5246L) : N events are counted. 
T h e  first event opens the gate; the N t h  closes it. This  
feature is useful in batching, and the gate signal can be 
used to control external circuitry or relays. 

5264A 

Specifications, 5264A* 
N x frequency (counter signal input) 

Range: 0 to 50 MHz. 
Gate time: (set by counter Time Base and “N” switches) 

10 psec to 1 sec in 10 ,psec steps 
100 psec to 10 sec in 100 hsec steps 
1 msec to 100 sec in 1 msec steps 
10 msec to i o 3  sec in 10 msec steps 
0.1 sec to 10‘ sec in 0.1 sec steps 
1 sec to I@ scc in 1 sec steps 

+ l o  sec to 10” sec in 10 sec steps 
Accuracy: i. 1 count i- time base accuracy. 
Maximum sensitivity: 0.1 V rms. 
Input impedance: 1 megohm shunted by 25 pF. 

f l  (counter Ext. Time Base input) 
Frequency range: 0 to 50 MHz. 
Sensitivity: 0.1 V rms. 
Input impedance: 1 megohm shunted by 25 pF. 

f 2  (counter signal input) 
Frequency range: 0 Hz to 100 kHz. 
Maximum sensitivity: 0.1 volt, 
Input impedance: 1 megohm shunted by 25 pF. 

SN x ratio 

Reads: N x fl/f2. 
Accuracy: i: 1 count of f , .  

Divide by N (5264A Auxiliary Input, f/N mode) 
Frequency range: 20 Hz to 100 kHz (sinusoidal) 
Sensitivity: 0.1 V rms. 
Overload: signals in excess of 10 V rms may damage the instru- 

ment, 
+Prescaling: in decade steps to 10’ to maximum rate of counter; 

(scaled output frequency 5 100 k H z ) .  
Output: 0.2 V peak to peak centered at 0 volts, into high-imped- 

ance load; rise time <1 fisec, duration approximately 5 psec. 
Input impedance: 1 megohm, 50 pF shunt. 

SN x period (counter signal input) 
Input frequency range: 0 H Z  to 100 kHz. 
Maximum sensitivity: 0.1 V rms. 
Input impedance: 1 megohm shunted by 2 5  pF. 
Time units: 0.1 ,psec to 10 sec in decade steps. 
Accuracy: +- 1 count * time base accuracy * trigger error.** 

Input frequency range: 20 Hz to 100 kHz. 
Maximum sensitivity: 0.1 V rms. 
Overload: signals in excess of 10 V rms may damage the instru- 

Input impedance: 1 megohm, 50 pF shunt. 
Preset range: 1 to 99,999 in steps of one. 

Preset (5264A Auxiliary input) 

ment. 

Weight: net 3 Ibs (1 ,4  kg) ; shipping 7 Ibs (3.2 kp ) .  

Accessory furnished: 10503A cable, 4 ft (1220 mm) long, male 

Price: HP 5264A, $650 

BNC connectors. 

*When used w i th  HP 5245L o r  HP 5246L Electronic Counters. 
**Tr igger  er ror  (sine wave) <0.3% of one period i N f o r  240 dB signal-to-noise 

rat io on input  signal; t r igger  error decreases wi th  increased signal arnpii- 
tude and slope. 

t HP 5245L only. 
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x10 
X30 
XlOO 

VIDEO AMPLIFIER; T. 1. UNIT 
1 mV sensitivity; 0.1 psec resolution 

Models 5261A, 5262A 

1 rneg 20 pF 
3 rneg 20 p F  +250 V peak 

10 rneg 20 pF 

5261A Video Amplifier 
T h e  HP 5261A plug-in increases the  sensitivity of the HP 

5245L and HP 5246L Electronic Counters to  1 m V  rms over 
the  range of 10 Hz to 50 MHz. T h e  output  level meter indi- 
cates when the  signal level to the  counter is acceptable fo r  
a stable count. T h e  auxiliary 50-ohm output permits moni-  
toring the unknown input  signal to the  counter with a scope. 
A 10 megohm 10:1 divider probe is available to facilitate 
frequency measurements in high-impedance circuits. 

Specifications, 5261A" 
Bandwidth: 10 Hz to 50 MHz. 
Input sensitivity: 1 mV to 300 mV rms. 
Max. input: 100 Vdc; 5 V rms (ranges: 1, 3, 10, 30, 100 m V ) .  
Input impedance: approximately 1 megohm, 1 5  pF  shunt. 
Output level meter: shows acceptable signal level. 
Accuracy: retains accuracy of electronic counter. 
Auxiliary output: front-panel B N C  for oscilloscope monitor- 

ing or driving external equipment; 50-ohm source imped- 
ance; on amplifier's most sensitive attenuator range, 1 mV 
rms at  input results in a t  least 100 mV rms at auxiliary out- 
put into 50-ohm load; maximum undistorted output is 300 
mV rms into a 50-ohm load. 

Accessory furnished: 10507A Low Microphonic 50-ohm Cable, 
4 feet (1220 rnm) long, BNC connectors. 

Accessories available: 10003A 10:1 Probe, 10 pF shunt, 600 V 
max., $30; IOlOOA 50-ohm Feed-Thru Termination, $15. 

Weight: net 2 Ibs'(0,90 k g ) ;  shipping 6 Ibs (2 ,7  k g ) .  
Price: H P  5261A. $325. 

. 

5261A 

5262A Time Interval Unit 
T h e  HP 5262A greatly increases the versatility of a 5245L 

o r  5246L by making  possible accurate t ime interval measure- 
ments  with 0.1 psec resolution. T i m e  is read directly f rom 
the counter display with units and decimal po in t  also indi-  
cated. Counter t ime base accuracy is retained, since the  
counted signal is derived f r o m  the  t ime base oscillator, T h e  
HP 5262A measures f r o m  1 p e c  to  l o8  sec with the  5245L 
or 8-digit  5246L; to  l o6  sec with the  standard 5246L. I t  
measures pulse length,  pulse spacing and  delays, and  triggers 
f r o m  separate or common signals. T h e  5262A may be used 
as an  amplitude discriminator f o r  t he  5245L or 5246L, which 

permits counting only signals meeting requirements set by 
trigger level controls. 

Specifications, 5262A" 
Range: 1 psec to 108 sec (5245L or %digit 5246L). 1 psec to 

Standard frequency counted: 107 to 1 Hz in decade steps 

Accuracy (pulse): e1 period of standard frequency counted 

Registration: on electronic counter. 
Input voltage: 0 .3  volt, p-p, minimum, direct-coupled input. 
Input impedance and overload: input impedance (constant up 

106 sec (standard 5246L). 

from 5245L/5246L or external frequency. 

t time base accuracy. 

to 40 volts times Multiplier setting). 

Input Impedance 

Multiplier 

50 V rrns 
x0.2 10 k 80 pF * 150 V peak 
X0.3 30 k 40 pF 

Start-stop: separate or common channels. 
Trigger slope: positive or negative on start and stop channels, 

Trigger amplitude: both channels adjustable, -250 to + 2 5 0  V.  
Frequency range: 0 to above 2 MHz when used as input signal 

discriminator. 
Markers: ( H P  5245L only) separate output voltage steps, 0.5 

volt peak-to-peak from source impedance of approximately 
7 k., 100 pF; available a t  rear panel of counter with negative 
step coincident with trigger points on input waveforms for 
positive slope and positive step coincident for negative slope. 

Reads in: psec, msec, sec with measurements unit indicated 
and decimal point positioned. 

Accessories furnished: 10503A Cable Assembly, male B N C  to 
male BNC, 4 feet (1220 m m )  long. 

Weight: net 2.5 Ibs (1,1 k g ) ;  shipping, 6 lbs (2,7 kg ) .  
Price: H P  5262A, $250. 

independently selected. 

*When used wi th  HP 5245L or HP 5246L Electronic Counters. 

5262A 
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5252A Prescaler 
The direct-counting frequency of the H P  52452. and 

5246L Electronic Counters is extended to 350 MHz using 
the Model 5252A Prescaler Plug-in. Prescaling is accom- 
plished with transistor binary dividers which operate over 
the frequency range dc to 350 MHz. No tuning is required. 
A trigger level adjustment permits counting when unusual 
measurement conditions are encountered. 

Prescalers divide the input frequency by a factor of 2, 4 
or 8, and at the same time adjust the counter's time base to 
provide a direct reading in frequency. 

5258A prescaler 
5258A installation, use and operation are similar to the 

5252A. Tentative specifications: Range, 1 to 200 MHz; 
Input Scaling Factor, +4; Input Sensitivity (front panel 
switch), 1 mV/10 mV/.2 V ; Input Impedance, 50 ohms. 
Also useful as video amp., 35 dB max. gain on 1 mV range, 
Price, $825 

Specifications, 5252A" 
Operating frequency range: dc to 350 MHz. 
Accuracy: same as the basic counter. 
Input sensitivity: 1OOmV rms. 
Maximum input: 2 volts, + 2 0  dBm, or 100 mW. 
Input impedance: 50 ohms [nominal), 
Operating temperature range: -2OOC to +5gGC. 
Scaled output: > l o o  mV rms into 50 ohms is available at 

the AUX A BNC connector of the basic counter. 
Weight: net 2.2 Ibs ( 1  kg) ; shipping 6% Ibs (3 , l  kg ) .  
Price: H P  5252A, $685. 

5265A Digital Voltmeter 
The H P  5265A Digital Voltmeter Plug-in quickly con- 

verts your 5245L or 5246L Electronic Counter to an accurate 
dc digital voltmeter. Operation is strightforward-simply 
set range switch, connect the voltage to be measured and read. 

A Local-Remote switch permits remote selection of the 
DVM mode or the regular electronic counter functions when 
used with an H65-5245L Counter (remote control option). 

Specifications, 5265A"" 
Voltage range: 6-digit presentation of 10.0000, ~00.000, and 

Registration: on 5245L or 5246L. 
Reads in: dc volts with decimal point positioned by range 

switch; automatic polarity indicator. 
Accuracy (Oo to +50GC): of reading; t O . O l %  of 

fs < l / l O  fs (within 24 hrs and t l O ° C  temperature 
change since last front-panel calibration adjustment and 
within 6 mos. of calibration of internal zener reference). 

1000.00 V full scale with 5% overrange capability. 

Range selection: manual. 
Sample rate: 5 per second. Has storage. 
Input resistance: 10.2 megohms to dc on all ranges. 
Input filter: 

octave. 

within 0.05% of final value. 

AC rejection: 30 dB at GO Hz, increasing at 12 dB per 

Response time: less than 450 msec to a step function to 

Accessory furnished: 5060-0630 22-pin extender board. 
Weight: net 2y2 Ibs (1,1 kg); shipping 7 Ibs (3,2 kg). 
Price: H P  5265A, $575. 

*When used with HP 5246L or 5245L (serial prefixed 402 and 
above) Electronic Counter. 

;>*When used with HP 5245L or 52461. Electronic Counter 

5265A 5258A 5252A 
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ELECTRONIC COUNTER 
50 MHz counting rate with 0.1 V sensitivity 

Model 5244L 

T h e  HP 5 2 4 4 L  Electronic Counter measures frequency, period, 
multiple period average, ratio and multiples of ratio with a 
maximum counting rate of 50 MHz. Rear connectors provide 
digital output in BCD form. Maximum sensitivity is 0.1 volt 
rms. T h e  counter time base is a quartz crystal oscillator with 
a n  aging rate of less than 2 parts in 107 per month. Display 
storage provides a continuous display of the most recent meas- 
urement. W i t h  the function switch in "Frequency," the 
"Sample Rate" control adjusts the time between gates f rom 
less than 0.2 second to a t  least 5 seconds. 

Frequency measurements 
Specifications 

Range: 0 to 50 MYz, dc input; 50 Hz to 50 MHz, ac input. 
Gate time: 1 psec to 10 seconds in decade steps. 
Accuracy: fl count -+time base accuracy. 
Reads in: kHz or MHz with positioned decimal point; units an- 

nunciator in-line with digital display. 
Self check counts 1 MHz for the gate time selected by time base 

switch. 
Period average measurements 

Range: single period, 0 to 1 MHz; multiple period, 0 to 300 kHz. 
Periods averaged: 1 period to 10' periods in decade steps. 
Accuracy: 2 1 count 2 time base accuracy _+ trigger error.* 
Frequency counted: single period, 10' to 1 Hz in decade steps; 

Reads in: sec, msec, psec with positioned decimal point; units 

Self check gate time is 10 psec to 1 sec: counts 100 kHz. 

Displays: fJf? times period multiplier. 
Range: fl: 50 Hz to maximum rate of counter, f2: 0 to 1 h f H z  in 

single period,. 0 to 300 kHz in multiple period; periods aver- 
aged 1 to IO5 in decade steps. 

Sensitivity: f l :  1 V rrns from 100 Hz to maximum rate of coun- 
ter, 2 V rms from 50 to 100 Hz; 2500-ohm input impedance; 
f?:  0.1 V rms, 100 k n / V  input impedance. 

1 count of f, & trigger error* of f?, where 6 is fre- 
quency applied to counting binaries (at Time Base Ext. jack) 
and f 2  is applied to decade dividers (at signal input jack), 

multiple period, lo', loK or IO' Hz. 

annunciator in-line with digital display. 

Ratio measurements 

Accuracy: 

Reads in: dimensionless units with positioned decimal. 
Self check gate time is 10 Psec to 1 sec; counts 100 kHz. 

Frequency: 1 MHz. 
Stability:** aging rate: less than 2 2  parts in 10' per month; as 

a function of temperature: less than 2 2  parts in 10' for a 
change from +lo" to +50"C, 2 2 0  parts in lo6 for a change 
from 0" to f65"C; as a function of line voltage: less than 
+1 part in lo' for 2 1 0 %  line voltage change. 

0utput.frequencies: 0.1 Hz to 1 MHz in decade steps selected 
by Time Base switch. 

Time base 

General 
Registration: 7 digits in-line with rectangular Nixie@ tubes and 

display storage. 
Sample rate: time following a gate closing during which the 

gate may not be reopened is continuously variable in the fre- 
quency function from less than 0.1 second to 5 seconds, inde- 
pendent of gate time; display can be held indefinitely. 

Maximum sensitivity: 100 mV rms. 
Coupling: ac or dc. 
Attenuation: step attenuator provides ranges of 0.1, 1 and 

10 volts. 
Impedance: 100 kn/V (10 kn at 100 mV) ,  approximately 40 

pF on 0.1 V range, 1 5  pF on 1 and 10 V ranges. 
Overload: diodes protect input circuit up to 50 V rms on 0.1- 

volt range, 150 V rms on 1-volt range, 500 V rms o n  10- 
volt range; 600 V dc tolerable. 

Input 

Operating temperature range: -0°C to +65"C. 
Connectors: BNC type except for BCD output. 
Output: 4-line 1-2-2-4 BCD with "1" state positive; 1-2-4-8 

optional; "0" state: -8 volts; "I" state: i- 1s volts: imped- 
ance: 100 kn ohms each line; reference levels: i- 17 volts ( 3 5 0 -  
ohm source), -6.5 volts (1000-ohm source) ; print command: 
$ 1 3  volts to 0 volt step, dc coupled. 

Hold-off requirement: + 1 5  volts minimum, + 2 5  volts maxi- 
mum from chassis ground, 1000-ohm source. 

Dimensions: 163/" wide, 5%" high, 16%" deep (425  x 140 x 
416 mm). 

Weight: net 2 3  Ibs (10,4 kg) ; shipping 35 Ibs (IS kg).  
Power: 1 1 5  or 230 volts ? l o % ,  50 to 60 Hz, approximately 80 

watts (50 to 1000 Hz operation, price on request). 
Accessories furnished: 10503A cable assembly, 4 ft (1220  

mm),  male BNC connectors; detachable power cord 71/2 ft 
(2270 mm) with NEMA plug; printed circuit board extender. 

Price: HP 5244L, $1900. 
Options: 

01. 8-digit registration, add $110. 
02.  1-2-4-8 BCD ("1" state positive) output (7-digit), add $10. 
03. 1-2-4-8 BCD ("1" state negative) output (7-digit), addJ10. 
04. 8-digit registration and 1-2-4-8 BCD ("1" state positive) 

05.  8-digit registration and 1-2-4-8 BCD ("1" state negative) 

RFI: The counter, modified to meet electromagnetic compatibility 
specification MIL-I-6181D, may be obtained by specifying H60- 
5244L. Add $350. 

output, add S120. 

output, add $120. 

<=o% of  one period for  with 
periods averaged ;:TriSger error for sine u a v e  input is 

d B  or  more signal-to-noise-ratio. 
" " T h e  crystal time base (better than  *3 parts in 109 per 24 hours and  better 
than  2 parts in 10'" rms with 1 second averaging) which is used in the 52dSL 
is available on special order.  Specify H15-524.IL ( a d d  $ 3 2 5 ) .  Burroughs Corporation 
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DATA 

The versatility of Hewlett-Packard counters is greatly en- 
hanced by complementary Hewlett-Packard equipment. 

The H P  2590B Microwave Frequency Converter extends 
the frequency measuring capability of a 5245L (or 5246L) 
50 MHz Counter, 5253B 500 M H t  Frequency Converter 
Plug-In combination to 1 5  GHz. The H P  5260A Automatic 
Frequency Divider with a suitable Counter makes possible 
automatic frequency measurements up to 12.4 GHz. 

The HP 2539A Digital Comparator and H P  2515A Dig- 
ital Scanner increase the number of systems applications by 
providing data handling for making Go/No-Go decisions 
on counter measurements, and by scanning the BCD outputs 
of up to six counters. 

Various solid state output couplers increase the forms in 
which the BCD output of counters may be recorded and 
stored for additional data handling or processing by digital 
machines. ' 

H P  562A and H P  5050A are solid state digital recorders 
that provide permanent printed records of counter measure- 
ments in digital form. X - Y  and strip chart recorders, in con- 
junction with H P  580A/581A Digital-to-Analog Converters, 
provide the user with a selection of equipment for analog 
recording of digital data. 

The H P  22 12A voltage-to-frequency converter transforms 
analog information (Le., voltages) into signals suitable for 
feeding directly into electronic counters. 

Figure 1 demonstrates the capability of the HP-2539A 
Digital Comparator to compare readings made with the 

GO/NO-GO 
I N FORMAT ION 

H P  5246L Counter with a predetermined level (or prede- 
termined upper and lower levels). The result of the com- 
parison is available and may be printed by the H P  562A 
Digital Printer or fed back to the system being monitored 
by the counter, thus completing a feedback control system. 
Front-panel indication of the comparison is also available. 
The data from the counter used by the digital comparator 
in the actual comparison is available from the comparator 
in BCD form. It may be printed with the Go/No-Go in- 
dication by the 562A or converted to analog form by the 
H P  58oA, 581A Digital-to-Analog Converters and plotted 
on a HP680A Strip-Chart Recorder, providing a permanent, 
visual record of the comparison. 

The system in Figure 2 demonstrates the use of the H P  
2515A Digital Scanner to scan up to six 5245L 50 M H t  
Counters with 5253B 500 MHz Frequency Converter Plug- 
ins, using the H P  2590B iMicrowave Frequency Converter 
or H P  5260A Automatic Frequency Divider to measure 
microwave frequencies. Frequency measurements made by 
the counters are sequentially or randomly (depending on 
the mode of operation) scanned by the H P  2515A2, and the 
data, in BCD form, is made directly available to one of four 
different types of output equipment. The scanner couples 
directly to the H P  562A,AR Digital Recorders and modified 
versions of the H P  2545 Tape Punch Coupler, H P  2546 
Magnetic Tape Recorder Coupler and H P  2526 Card Punch 
Coupler, Both the magnetic tape records and the punched 
cards are IBM-compatible. 

HP 580A/581A 
D T O A  

CONVERTER 
4 - 

INPUT 

CONVERTER 
OR HP 5 2 6 0 A  

DIVIDER 

HP 5 2 4 5 L  
COUNTER 

t 

INPUT 

CONVERTER 
OR H P 5 2 6 0 A  

HP 2514A ACCEPTS 6 DATA INPUTS + c + 
HP 5 2 4 5 L  
COUNTER 

HP 680 
STRIP-  CHART 

RECORDER 

HP 5 6 2 A  
DIGITAL 

RECORDER 

H P  2514A DIGITAL SCANNER 

+ 
HP 5 6 2 A I A R  

HP 2 5 4 5 ,  HP 2 5 4 6 ,  HP 2 5 2 6  

I FIGURE I F IGURE 2 
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The H P  562A Digital Recorder (shown with HP  
HO3-571B Digital Clock) is the most flexible of a line of 
recorders featuring parallel entry that prorides a permanent 
printed record of counter measurements. Low inertia moving 
parts allow printing rates as high as 5 lines/sec. A data stor- 
age feature allows transference of data in 2 msec. $1600 ap- 
proximately; page 96. The HP  5050A Digital Recorder 
will print 18 columns at rates up to 20 lines/second, and 
allows mixed-code operation. Few moving parts, page 95. 

The H P  5260A Automatic Frequency Divider zero beats 
with input frequencies between 0.3 and 12.4 GHz auto- 
matically and without offset, and then provides an output 
frequency exactly equal to 1/100 or 1/1000 of the input 
frequency. Thus no tuning or harmonic computation are 
required, and the input frequency is displayed immediately 
and directly on an electronic counter. $3250; page 512.  

. 
ED' 

The H P  2513A Digital Scanner transmits digital data 
from up to six counters to one digital recording instrument. 
The scanner is compatible with the BCD outputs from all 
HPsolid-state counters, data acquisition systems. The2515A 
can operate in either sequential or random scanning modes 
with continuous scan, single scan or manual steps.$4200 (3 
sources, 1 2  digits per source) ; page 80. 

The HP 580A, 581A Digital-to-Analog Converters ac- 
cept 4 line BCD output from allHPsolid-state counters. The 
analog output is available for galvanometer or potentiometer 
recorders. $525; page 98. 

The H P  2590B Microwave Frequency Converter is an all 
solid-state instrument with its chassis cast in one piece to 
completely eliminate troublesome R.F.I. The 2590B mea- 
sures frequency to 1 5  GHz by phase-locking an internal 
transfer oscillator to the signal source, Measurement accu- 
racy is equal to that of the counter time base. A search oscil- 
lator is provided to simplify phase locking. $1900; page 
510 (see also H P  540B, $1100; page 5 1 1 ) .  

The H P  680A strip chart recorder is a solid-state device 
with eight chart speeds, continuous zero set and a zener 
reference. The recorder may be used with a digital-to-analog 
converter to obtain permanent, visual records of counter 
measurements versus time. $750; page 111. 

The H P  2539A Digital Comparator compares BCD in- 
formation against single or dual preset limits providing Go/ 
No-Go lamp indications and electrical output, Comparisons 
take less than 2 msec. The 2539A provides all possible com- 
parison conditions-combinations of relative sign and mag- 
nitude-encountered in measurement situations with coun- 
ters. $1850 for 4 digit comparison; page 80. 

The H P  22 12A Voltage-to-Frequency Converter trans- 
forms a dc input voltage to a proportional pulse rate output. 
The counter reads the average value of the signal over the 
sample period, thereby minimizing effects of noise and rip- 
ple. May be used to integrate analog signals over extended 
periods. $995; page 235. 
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Model 2590B, in a single compact all-solid-state instrument, 
performs the functions of a transfer oscillator and a transfer 
oscillator synchronizer. ( H P  54OB, p .  511, is a transfer oscil- 
lator only) .  

By phase-locking an internal transfer oscillator to the signal 
frequency, Model 2590B makes CW frequency measurements 
inherently equal to the accuracy of the external time base used, 
even on rapidly drifting signals. W i t h  the HP 5253B and 5245L 
or 5246L complete coverage is provided from dc to 15 GHz 
with attainable accuracy as high as  5 parts in 1010. Permanently 
phase-locked, the signal frequency's drift may be tracked con- 
tinuously over long periods. 

The  2590B automatic phase-lock is augmented by an auto- 
matic search oscillator, to simplify synchronization a t  system 
set-up. An automatic gain control eliminates input level adjust- 
ments. The  instrument incorporates a precision FM discrim- 
inator and an envelope detector, for observation and accurate 
measurement of FM deviation, deviation rate and signal am-  
plitude modulation. 

F M  and other short-term frequency disturbances can be ob- 
served on an oscilloscope while phase-locked to the signal. For 
signals with carrier frequency sufficiently stable not to require 
phase-locking, accurate measurements of FM deviation and 
deviation rate may be made with the precision built-in discrim- 
inator. A separate output from the envelope detector provides 
for oscilloscope observation and measurement of signal AM,  
in either F M  or phase-locked operating modes. 

T h e  carrier frequency of pulsed signals can be determined 
to well within t 4  parts in 100 using the 2590B with an aux- 
iliary oscilloscope. FM on the pulse also can be observed. 

The  2590B is available as an individual instrument to be 
coupled by the user with a counter, or as par t  of a complete 
frequency measuring and recording system. 

Specifications 

Frequency range: 0.5 to 15  GHz 
Signal input: minimum level, typically -20 to -30 dBm from 0.5 

to 10 GHz increasing -7 dBm at 15 GHz, maximum level, +20 
dBm ( 100 mW)  ; Type N connector. 

FREQUENCY CONVERTER 
Measure frequency to 15 GHz at counter accuracy 
Model 2590B 

Lock-on range: approx. *0.25% of signal frequency in normal 
APC mode; track mode increases lock-on range to 20 .35% 
(approx.) at lower end of transfer oscillator range, decreasing 
to 0.1% at upper end. 

Accuracy: *stability iresolution of measurement of transfer os- 
cillator fundamental; stability, same as 10 hIHz reference sup- 
plied; resolution, * 1 count at transfer oscillator frequency, equiv- 
alent to 4.2 to 2.5 parts in loo  with 1 sec counter gate or 4.2 to 
2 . 5  parts in 101" with 10 sec gate. 

External reference: 10 MHz, 0.1 V min. into 90 ohms; BNC con- 
nector. 

FM measurements: discriminator characteristics when in FM mode: 
linearity (max. deviation from straight line through origin), bet- 
ter than * 1% over bandwidth of * 500 kHz, better than & 5 %  
over bandwidth of * 2  MHz; video frequency response; 30 Hz 
to 1 hlHz ( 3  dB points) ; center frequency, 30 bIHz (nominal) ; 
sensitivity, 5 V/MHz ( 2  1 0 % ) ;  output impedance, 1 .2  k ohm; 
front-panel BNC connector. 

AM measurement: sensitivity, 100 mV rms (nominal) for 100% 
modulation at 1 kHz; frequency response, 30 Hz to 1 MHz, load 
impedance, 106 ohms shunted by 1 2  pF max.; front-panel BNC 
connector. 

APC monitor: Fhl on signal may be monitored when in APC op- 
erating mode; sensitivity, 1 3  V minimum for frequency devia- 
tion of *0 .25%;  deviation limits, APC mode can follow fre- 
quency deviations up to 0.25% of signal frequency at rates up to 
100 Hz; to above 100 Hz, deviation decreases at 6 dBJoctave; im- 
pedance, measuring device should have min. input impedance of 
loo  ohms, shunt capacitance not greater than 20 pF; rear-panel 
BNC connector. 

Transfer oscillator: fundamental frequency range, 240 to 390 MHz; 
drift, less than 1 / l O 3  per hour immediately after turn-on, less than 
1/10: per hour after 2 to 3 hours' operation (oscillator automati- 
cally corrected for drift in APC mode); residual FM less than 10 
Hz rms; dial, 2%" dia. calibrated in 5 MHz increments. 

Power: 115/230 V * l o % ,  50 to 1000 Hz, approx. 35 W. 
Operating conditions: ambient temperatures 0 to 55"C, relative 

humidities to 95% at 40°C. 
Dimensions: 16%" wide, 3$5" high, 16-5/16" deep behind panel 

(426 x 86 x 414 mm);  instrument is fully enclosed for use on 
bench; may be mounted in 19" rack with side extensions to panel 
(furnished). 

Weight: net 23 Ibs (10,4 kg ) ;  shipping 30 Ibs (13,6 kg) .  
Price: hlodel 2590B, $1900. 

25908 shown with 5245L Counter, 52538 Plug-In 
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TRANSFER OSCILLATOR 
Measure to 18 GHz with counter accuracy 

Model 540B 

Uses: 
Measure frequency to 12.4 GHz with the  540B Trans-  

Add a P932A Harmonic  Mixer  and measure frequency 

Measure frequency of FM signals. 
Determine FM deviation. 
Measure signal frequency of pulsed signals. 

fer  Oscillator plus an  electronic counter, 

to 18 GHz. 

The H P  Model 540B Transfer Oscillator provides a straight- 
forward means to extend the frequency range of H P  5245L, 
H P  5246L, or H P  524 Series Electronic Counters to the micro- 
wave region for all types of frequency measurements. It makes 
possible a completely flexible frequency measuring system for 
laboratory or industrial use. Using either a 5245L with 5253B 
Frequency Converter or 5252A Prescaler, or a 524 Electronic 
Counter with a 525B or 525C Plug-In, the 540 B Transfer Oscil- 
lator provides a complete set-up for frequency measurements to 
at  least 12.4 GHz;  using the P932A Harmonic Miser per - 
mits measurements as high as 18 GHz. 

The P932A mounts directly in the waveguide system and 
operates with the counter, mixing generated harmonics with 
the unknown microwave frequency. The mixer's beat frequency 
output is applied to the 540B. The measuring procedure is the 
same as the procedure using the 54OB's internal miser. 

The system's accuracy approaches that of the electronic 
counter on clean cw signals. On  pulsed signals, accuracy is 
governed by carrier frequency and pulse length. On  noisy or 
intense A M  signals, the transfer oscillator system with the 
540B often provides the only means of accurate measurement. 
Overall system accuracy is greater than 10 times that of the 
best microwave wavemeters. 

A direct-coupled reactance control circuit in the 540B allows 
the oscillator to be locked at  a sub-multiple of the measured 
frequency when it is desirable to measure automatically or 
record drift characteristics of microwave signal sources. 

Specifications 
Frequency range: 10 MHz to 12.4 GHz.  

Input signal: cw, FM, A M  or pulse. 

Input signal level: varies with frequency and individual crys- 
tals. (See chart, upper right.) 

Accuracy: CW; approximately 1 part in 10' or better. 

z m a 

; c20 
;+lo 

E o  
-10 

3 -20 
5 -30 

-40 
-50 

10,000 100 IO00  

INPUT FREQUENCY - MHz; 0 REF = 1 mW into 50 ohms. 

Oscillator 
Fundamental frequency range: 100 MHz to 220 MHz. 

Harmonic frequency range: above 12.4 GHz. 
Stability: < O . O O Z Y ,  change per minute after 30-minute 

Dial: six-inch diameter, calibrated in 1 MHz increments; ac- 

Output: approximately 2 V into 50 ohms. 

warm-up. 

curacy, ?O.SY, .  

Amplifier 
Gain: adjustable, 40 dB max. 
Bandwidth: variable; high frequency: 3 dB point adjustable 

approximately 1 kHz to 2 MHz;  low frequency: 3 dB point 
switched from 100 Hz to below 10 kHz, then continuously 
adjustable to above 400 kHz. 

Output: 1 V rms maximum into 1000 ohms. 

Internal oscilloscope 

Frequency range: 100 Hz to 200 kHz. 
Vertical deflection sensitivity: 5 m V  rms per inch 
Horizontal sweep: internal, power supply frequency with 

phase control, or external (connection at  rear) with 1 V 
per inch, 20 Hz to 5 kHz. 

General 
Size: cabinet: 20%" wide, 1 2 % "  high, 15%" deep (527 x 

318 x 387 m m ) ;  rack mount:  19" wide, 101/2'' high, 14%" 
deep behind panel (483 x 267 x 362 m m ) .  

Weight: net 42 Ibs (19 k g ) ,  shipping 5 2  Ibs (23,5 kg)  (cabi- 
n e t ) ;  net 35 Ibs (15,9 kg) ,  shipping 48 lbs (21,7 kg)  (rack 
moun t ) .  

Power: 115 or 230 V * lo%,  50 to 1000 Hz, approx. 110 W. 
Accessories furnished: 10503A Cable Assembly, 4' (1219 

m m )  long, BNC-to-BNC; a 6" jumper cable (BNC-to- 
B N C )  is included for use between jacks on front panel. 

Price: H P  540B, $1050 (cabinet); H P  540BR, $1050 (rack 
moun t ) .  

Auxiliary equipment 
5245L, 52461. 50 MHz Electronic Counters (pages 499 

5252A Prescaler (page 506) .  
5253B Frequency Converter (page 503) .  
524C, D 10 MHz Electronic Counters (pages 522, 523). 
525B, C Frequency Converters (pages 522, 523) .  
130c  Oscilloscope (pages 422, 423) or other suitable Os- 

P932A Mixer, 12.4 to 18 GHz.  $250. 

through 301 ) . 

cilloscope. 
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Freq. 

Advantages 
Automatic measurement, 0.3 GHz to 12.4 GHz 
Direct readout, n o  calculations o r  offset 
iMaintains counter accuracy 
Essentially constant 100 m V  sensitivity 

Automatic measurement and direct readout of an unusually 
wide range of C W  microwave frequencies can now be 
achieved using the H P  Model  5260A with a suitable elec- 
tronic counter. T h e  5260A divides input signals in the 300 
M H z  to 12 .4  G H z  frequency range by 100  or 1000 to  pro-  
vide an output  signal in  the 1 M H z  to 12 .4  M H z  frequency 
range. Measurements are rapid and simple, with accuracy 
the same as fo r  basic counter measurements, the frequency 
being displayed directly on  the electronic counter. There  
is n o  ambiguity o r  offset, and no  calculations are needed. 
Except for  selecting the proper division ratio, ALL T U N -  
I N G  IS A U T O M A T I C  A N D  NO A D J U S T M E N T S  B Y  
THE O P E R A T O R  ARE R E Q U I R E D  TO O B T A I N  T H E  
C O R R E C T  O U T P U T  R E A D O U T .  

Typical Max. 

Suitable Electronic Counters (No plug-ins required) 
HP 5245L ( seepage  500)  
H P  Mo7-5245L ( s e e o p t i o n  0 2 )  
HP 5 246L (see page 4 9 9 )  
HP 5244L ( seepage  501)  
H P  3735A (seepage  513) 

Measuring dc to 12.4 GHz 
A system for  rapid, automatic, direct readout of f re-  

quencies f rom dc  to 12 .4  G H z  can be assembled by com- 
bining an H P  5245L or 5246L Electronic Counter ( d c  to  
50 M H z ) ,  5252A Prescaler Plug-in ( d c  to 350 M H z ) ,  and  
5260A Automatic Frequency Divider (300 M H z  to 12 .4  
GHt) . I t  is only necessary to select the frequency range de-  
sired and read the electronic counter readout; no  tun ing  
or calculations are required. Note,  however, that  5252A 
Prescaler is NOT required f o r  operating the 5245L f rom 
the 5260A. T h e  5252A Prescaler is only necessary f o r  
measurements within the frequency range 50 M H z  to 300 
iMHz. 

8-10 G H z  

10-12.4 GHz 

1.4:l 1.6:l 

1.8:l 2 . 1  

Specificat ions 

I 0.3-8 G H z  1 1.2:l 1 1.4:l I 

Output impedance: designed for  50 ohm (or higher impedance) 

Output level: 0 dBm, nominal. 
Registration: input frequencies from 0.3 to 12.4 GHz are measured 

by measuring the 5260.4 output with an electronic counter such 
as the HP 5245L, 5246L or 5244L, and suitably positioning the 
decimal point. Readout is direct with no offset, ambiguity, or 
arithmetic processing. See also Option 02, below. 

Power supply: 115 or 230 'V * l o % ,  50 to 66 Hz. Other fre- 
quencies on special order. 

Weight: net 25$5 lbs (11,4 k g ) ;  shipping 31 Ibs ( 1 4 , l  kg) .  
Dimensions: 16%'' wide, 3-15/32" high, 163/" deep (425 x 88 x 

Price: hfodel 526OA Automatic Frequency Divider, 23,250. 
Options: 

load. 

416 mm) ,  

01 Amphenol APC-7 Input Connector, add $25 .  
02 Provides 5260A with circuitry such that, when used bvirh the 

H P  Model h107-5245L Electronic Counter, the decimal point 
will be automatically positioned for readout in GHz, and' the 
symbol "GHz" will appear in  the counter's readout. Readout 
is inhibited and displays all zeros unless an adequate input 
sign'il is present. Add $175. 
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Counter 3734A 

Frequency 
Range 2 Hz to 5 MHz 

3735A 

37358 

0 to 12.5 MHz (dc input) 
2 Hz to 12.5 MHz (ac input) 

~~~ ~~ 

T h e  Models  3 7 3 4 A  and 3 7 3 5 A  are compact, multi-func- 
t ion counters. They  provide measurement capability for  f re-  
quency, time interval, period, multiple period average, ratio 
and multiple ratio, and event totalizing, T h e  3734A offers an  
upper count capability of 5 M H z ,  with 5 digit  resolution; the 
3 7 3 5 A  count rate extends to 1 2 . 5  M H z ,  with 6 digit reso- 
lution. 

Counter 

Accuracy 

~ 

has an excellent input sensitivity characteristic of 10mV,  an 
input selector for pulses, and ac or dc  coupling to  12.5 M H z .  
T h e  3 7 3 4 A  has a 1OOmV sensitivity, and is ac-coupled. Each 
has an in-line digital tube display, and offers display storage. 
T h e  H P  3 7 3 5 A  has an automatic decimal point,  and units 
indicator. 

These compact, reliable counters operate stably over a wide 

37344 3735A 

*l count of fl *(trigger error +- period multiplier) 

Both units are suited to  low level measurement; the 3 7 3 5 A  temperature range. 

Specifications 

Accuracy 

Reads in  

*1 count * time base accuracy 

kHz with positioned deci- kHz or MHz with posit- 
mal ioned decimal point. Units 

indicator. 

Frequency 
Counted 

Electrical input 

I 1, 0.1, 0.01 sec, 10 sec 10, 1. 0.1, 0.01 sec I Gate t ime 1 optional 

INT :  100 kHz 
EXT: 2 Hz to 5 MHz 

INT :  1 MHz or 1 kHz 
EXT: 100 Hz to 1 MHz 

separate start and stop channels on rear panel pulse; 
amplitude: 12 to 25 volts positive pulse width:  1 ps 

Accuracy 

Time base 
Frequency 

I optimum response for pos- I itive or negative inputs 
Input selector \ /A 

* 1 count * time base accuracy * trigger error 

100 kHz 1 MHz 

~~ 

Input sensitivity 

Input impedance 

100 mV rms sine wave 1 10 mV rms sine wave 100 
volt pulse 0.2 psec width mV pulse 50 nsec width 

1 M R  shunted by 15 pF 100 k R  shunted by 15 pF 

Sample rate 

Period/multiple 
period average 

Range 

Range [ f l :  100 Hz to 2 MHz I f l :  100 Hz to 1 MHz 
f z :  2 HZ to 300 kHz f z :  1 HZ to 1 MHz 

0.2 to 5 sec 0.04 to 5 sec 

2 Hz to 100 kHz 1 Hz to 1 MHz Power 

Dimensions 

I Time interval I Range “INT” 1 10 psec to 999.99 msec I 1 psec to 999.999 sec 

115/230 V switch, 50 to 1000 Hz 
30 watts 50 watts 

7-25/32” wide, 6-3/32” high, 11” deep (90 x 115 x 
279 mm) 

Accuracy 

Reads in  

=t l  count * time base accuracy * (trigger error + 
periods averaged) 

msec and psec with positioned decimal point 

1 Aging rate I <*2par ts in106perweek I < *2partsin107permonth 1 

Periods averaged 

Ratio/multiple 
Ratio 
Reads 

1 General 
Registration 5 digits I 6 digits 

1, IO, 102, 103, 104, 10s 

f l / f z  x period multiplier 

Price 

Options: 

I Weight I 12.5 Ib (5,8 kg) 1 14 Ib (6,4 kg) 1 
$1075 $1650 

01: 10 second gate, $40 
02: BCD Output+1224, $30 
03: BCD Output+1248, $85 

02: BCD Output $1224, $35 

04: BCD Output - 1248, $85 

Manufactured by Hewlett-Packard Ltd., Scotland 
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ELECTRONIC COUNTERS 
Versatile, low cost, 1.2 MHz and 300 kHz counters 
Models 5211A,B, 5212A, 5512A, 5232A, 5532A 

Advantages: 
Reliable, rugged and compact 
High input impedance, high sensitivity 
Low power consumption with solid-state components 
Display storage 
Accurate measurement of frequency, ratio, period, multi- 

ple period 
Higher sampling rates; sampling time independent of 

gate time 

These six Hewlett-Packard electronic counters offer the ad-  
vantages of solid-state construction, broad measurement capa- 
bilities, rugged and compact packaging and a wide selection 
of performance characteristics. 

Maximum counting rate ranges from 300 kHz to 1.2 MHz. 
A variety of visual readouts contain from 4 to 6 digits, with 
both in-line digital tube and neon columnar displays: Features 
offered in common by all six counters include modular cabinets 
only 3%" high, low heat dissipation and power consumption 
with solid-state components, 0.1 V sensitivity, display storage 
for non-blinking readout, four-line BCD output for systems 
and recorders (optional for 5211A), flexible operation and re- 
duced operator errors. When a counter is in the frequency 
mode, the time between counts is adjustable from less than 0.2 
second to more than 5 seconds and is independent of gate time. 
Because time between counts is not dependent upon gate time, 
faster sampling rates are often possible. 

The instruments are compact and reliable, have low power 
consumption and can operate with specified accuracy over a 
wide temperature range. Plug-in module construction increases 
instrument versatility and simplifies maintenance. Conservative 
design features such as the use of decade dividers in the gate 
generating circuits, provide operational stability and eliminate 
calibration problems. Input sensitivity is 0.1 V rms, input 
impedance, 1 megohm, 50 pF. 

521  1A,B Counters 
Models 5211A and 5211B have a maximum counting rate 

of 300 kHz and make direct frequency and ratio measurements. 
They also measure speed in rpm and rps, when used with trans- 
ducers, and count events occurring within a selected period of 
time. They offer four-digit resolution and neon columnar dis- 
play. They are identical except for gate times and recorder 

output. The 5211A has gate times of 0.1 and 1 second; the 
5211B has a third gate time of 10 seconds. 

Both offer manual control of the gate by a front-panel func- 
tion switch, by external contact closure or by 3 volt peak posi- 
tive pulses at least 10 p e c  wide at  half-amplitude points. Time 
base is derived from the power line, and since power line fre- 
quency is usually held to better than O . l % ,  the counters have 
an accuracy fully adequate for most industrial measurements. 
A special modification of the 5211B, the H22-5211B, offers an 
in-line readout. 

5212A, 5512A, 5232A, 5532A Counters 
With  this group of solid-state instruments, two basic counters 

give maximum counting rates of 300 kHz and 1.2 MHz, with 
a choice of column or in-line readout. Each makes direct fre- 
quency, period, multiple period average and ratio measure- 
ments. Models 5212A and 5512A have a maximum counting 
rate of 300 kHt ,  5-digit resolution and respective displays of 
neon columns and longl i fe  digital display tubes. Models 5232A 
and 5532A have maximum counting rates of 1.2 MHz and 6- 
digit resolution with the same readout choice. 

The  front panel of each counter has input attenuation con- 
trol, display control, reset button and function switch. In the 
rear are the storage-disable switch, external standard input jack 
(permits use of an external oscillator as the counter time base) 
and digital recorder output connector. Self-check is provided 
for both frequency and period measurement modes. 

Operating temperature range: -20°C to 50°C for 5211A, B; 
-20°C to +65'C for 5212A and 5512A; 0°C to +65"C 
for  5232A and 5532A". 

Weight: all models, net less than 15 Ibs (6,8 kg) ,  shipping less 
than 21 Ibs (9,5 k g ) .  

Dimensions: 16%" wide, 31/2" high, 11%'' deep (425 x 89 x 
286 m m )  ; hardware furnished for converting to 19" wide 
by 3%'' high rack mount. 

Power: 115 or 230 V ?lo%, 50 to 60 Hz**, less than 40 W. 
Accessories furnished: 10503A Cable, 4 feet long, B N C  con- 

nectors; detachable power cord; circuit board extender. 

*The 5232A and 5532A will operate from -20°C to +65"C on 
special order or with an external time base. 

**HP 5211A,B require 50 or 60 H t  operation (specify Option 01. 
for 50 Hz operation) ; 5212A, 5512A, 5232A and 5532A operate 
between 50 and 60 Hz line frequency with limit imposed by fan. 

General specifications 
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Ratio measurement Reads fl/fZ fi/f2 x periods averaged 
Range f l :  2Hz to 300 kHz 

(0.1 V rms) ; fz : 
100 Hz to 300 kHz 

f l :  100 Hz to 300 kHz (1 V rms into 1000 
ohms);fz: 2 Hz to 300 kHz 

f i :  100 Hz to 1.2 MHz (1 V rms into 
500 ohms above 1 kHz, 2 V rms into 
500 ohms 100 Hz to 1 kHz); f z :  2 Hz 

to 300 kHz 

Recorder output 
(optional at added 
cost i n  5211A; 
standard i n  all other 
models) 

Price 

~~~~~~~ 

Accuracy 

Impedance 100 K each l ine 
“0” state level 
“1” state level - 2  volts‘ 
Reference levels 
print command 1000-ohm source impedance 

Hold-off requirements 

=t1 count of f i , +  trigger error of fz 
‘.4-line BCD (1-2-2-4); 4-l ine BCD (1-2-4-8) available as Option 02 

approximately - 28 volts 

approximately -2.4 volts, 350-ohm source impedance; and approximately -26.9 volts, 

+28 V step, from 2700-ohm source i n  series with 1000 pF 
chassis ground to +12 volts maximum 

HP 5211A, $575 HP 5212A, $875 HP 5512A, $975 HP 5232A, $1250 HP 5532A, $1350 
HP 52118, $675 

5212A 
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ELECTRONIC COUNTERS 
Versatile universal counters to 2 MHz 
Models 5223L, 5233L 

Advantages: 
Superior trigger level controls usable in all functions 
Improved readability with rectangular digital tubes 
Minimum bench or rack space, 374” panel height 
Reliable, rugged and completely solid state 
Versatile, yet easy to operate 
More accurate low-frequency measurements with 

multiple period averages 
Low-level measurements without accessories; 

0.1 volt sensitivity 
Coupling ac or dc 
Display storage 

Measure frequency 
Count periodic or random pulses 
Measure period, period average, time interval 
Determine ratio and multiples of ratio 
With transducers, measure speed, flow rate, other 

Scale inputs 

Uses: 

physical variables 

Models 52231, and 5233L are universal electronic coun- 
ters. They measure time interval, frequency, period, multi- 
ple period average, ratio and multiple ratio. The 5223L 
provides a maximum counting rate of more than 300 kHz and 
5-digit resolution, and the 5233L provides a maximum 
counting rate of more than 2 MHz with 6-digit resolution. 
Both instrument readouts are in-line displays of rectangular 
digital tubes. 

DC coupling 
With the 52231, and 5233L, dc coupling allows accurate 

trigger point definition with low input amplifier noise and 
low trigger drift. 

With the ac-coupled input, triggering responds to an 
average dc level. Therefore, the trigger point will change 
with wave shape and repetition rate, This situation is not 
of great significance in frequency measurements since 

it is only desired to count the number of zero crossings. 
However, if a pulse of large amplitude and duration is fol- 
lowed by a pulse of small amplitude and duration, the trigger 
may miss the small pulse, if circuit time constants are such 
that the average dc level does not have time to recover. This 
would be a serious limitation in nuclear work, where counted 
pulses are random in amplitude and width, The variability 
of trigger point with repetition rate and wave shape (pro- 
duced with ac coupling) is a serious source of error in time 
interval measurements - some doubt always exists as to 
where the actual trigger point is. It may be a point of low 
slope near the top of a pulse where noise can cause ap- 
preciable error. 

Optimum trigger point definition 
The 5223L and 5233L each provide two identical input 

channels for optimum trigger point definition. Separate or 
the same signals may be used to start and stop the count; 
the time interval measured may be selected between any 
desired points on either signal with a choice of ac or dc 
coupling. Input channel controls allow selection of the 
slope, amplitude and polarity of the trigger voltage for all 
other measurement functions, as well as time interval. 

Any input amplifier drift or noise will add to the trigger 
ambiguity. The effect of this internal noise becomes in- 
creasingly apparent as the input signal-to-noise ratio in- 
creases. consequently, for precise measurement capabilities, 
each input channel of the 5223L and 5233L has been de- 
signed to minimize amplifier drift and noise. In these 
instruments the amplifier noise: referred to the input is 
typically less than 100 microvolts. 

Particular design care was necessary to insure that these 
input amplifiers would possess an extremely wide dynamic 
range. This insures that the input signal peaks can exceed 
the highest level control adjustment for the next higher 
attenuator range without changing the dc level. For example, 
on the X1 attenuator position, peaks considerably beyond 
10 volts do not alter the zero crossover point. 

5233L 
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5223L Electronic Counter 
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!ange: d c  coupled: 0 to more than 300 kHz;  ac coupled: 10  Hz to 

mpedance: approx. 1 megohm. 80 pFshunt.  
,ensitivity: 0.1 V rms sine wave' 1 V pulse 1 psec min. width.  
rigger level: -100 to  + loo  V, adjustable, either positive or negative 
slope; independent controls o n  each channel. 

:hannel inputs: Common Separate, Check. 
larker output: available Ht rear panel for oscilloscope intensity modu. 

lation to  mark trigger points on input waveforms; >I psec duration 
and -15 V peak. 

more than  300 kHz.  

lange: 10 psec to lo6  sec. 
nput: Channels A and B.  
Lccuracv: ? I  count 3 time base accuracy ? trigger error.* 
Reads in: msec or sec with positioned decimal. 
Ueasurement:,time from A to B. 
;elf check: period self check below applies, when levels and  slopes of  

both channels are identical. 
3ange: 0 to  >300 kHz. 
nput: Channel A .  
Accuracy: :I count 3 time base accuracy. 
?eads in: kHz or M H z  with positioned decimal. 
;ate time: 10 psec to 10  sec in decades. 
;elf check: counts 100 kHz for the gate time chosen by time base selector. 

Range: 0 to  100 kHz. 
Input: Channel A .  
kcuracy: r i  count 
Reads in: Iisec or  msec with positioned decimal. 
.requency counted: 100 kHz to 0.1 Hz in decade steps. 
self check: 

iange: 0 to  303 kHz. 
n w t :  Channel A .  
Accuracy: r l  count t t ime base accuracy 
Reads in: @sec or msec with positioned decimal. 
'requency counted: 100 kHz. 
Periods averaged: 10 to 106 in decade steps. 
Self check: gate time is 10 psec to 10 sec (1 to 10% periods of 100 

time blse accuracy t trigger error. * #' 

ate t ime i s  1 sec; frequency counted is 0.1 H z  to 100 kHz 
as selected %y time base switch. 

trigger error.** 

k H z )  ; counts 100 kHz.  

Pange: Channel A ( F A ) :  0 to above 300 kHz;  Channel B ( F p ) :  0 to  

Input: Channels A and B. 

Measures: 

or depending on  multiplier setting. Reads: - 

300 kHz ( X 1 0  to  X10 o ) ,  0 to  100 k H z  ( X l ) .  

F, (multiplier)  

FB 
FA IOOOF, 

FB FB 
trigger error of F, 

multiplier setting 
Accuracy: t1 count of FA t 

Multiplier: 1 to  IOF in decade steps. 
Self check: counts 100 kHz for 10 psec to 10 sec, depending on multi-  

plier setting. 

Input: Channel A .  
Multiplier: prescales input of Channel A in decades, 1 to  10%. 
Totalize: periodic events a t  rates to more than  3 x 105/sec; random 

Frequency (internal): l o 0  kHz. 
Stability: aging rate:  <52 parts in 108/week; as a function of l ine volt- 

age: <1 part  in 106 for 10% changes in line; as a function of ambient 
temperature: e 2 0  parts in 106 (t15OC to  + 3 5 " C ) ,  <IO0 parts in 
106 (-2O'C to t65qC) , .  

External input: sensitivity: 1 V rms, sine wave into 1 K o h m ;  range: 
100 H z  to  300 kHz,  sine wave. 

Outputs, rear panel 
Oscillator: 100 k H z ,  1 V peak to peak, o en circuit; t ime base 

(separate B N C  connector) : 0.1 H z  to 100 LHz in decade ste s 5 
V peak open circuit, 1 psec wid th ;  looo-ohm source; ava i lab~e ' in  
Period, Time Interval, and  Manual  without reset interruptions. 

events with pulse spacing of 3.3 psec or more. 

Range: 0 to 300 kHz.  
Function setting: Manual 
Input: Channel A .  
Factor: by decades u p  to loE. 
Output: rear panel in place of t ime base output frequencies 

Printer output 
Output: 4-line 1-?:2-4 BCD,  100 K each l ine;  "0" state level: 

ReArenca levels: approx. -2.4 V, 350-ohm source impedanie,  
a prox. -28 V; 1" state level: -2 V. 

and  -26.9 V 1000-bhm source. 
Print command: t 2 8  V step from 2700-ohm source in series with 

1000 pF. 
Hold-off requirements: chassis grqu,nd to  +I2 V maximum. 

Registration: 5 lon life rectangular digital tubes wi th  display storage. 
Sample rate: t ime h l o w i n g  a ate closing dur in  which the gate may 

not be reopened is cont inuoujy  variable from fess than  0.2 sec to  5 
sec, independent of gate time; display can b~ held indefinitely. 

Self check: in a l l  function and  multiplier positions. 
Operating temperature range: -2OOC t o  t65 'C.  
Power: 115 or 230,,V t lo ' j%,  50 to  60 H z * * * ;  40 watts. 
Dimensions: 16% wide, 3-15/32" h igh ,  111/4" deep (425 x 86 x 

285  m m ) .  
Weight: net 19 Ibs (8.5 k g )  ; shipping 2 2  Ibs (10 k g ) .  
Price: HP 5223L $1275. 
Option 02.: 1-2'-4-8 BCD output ("1" state posit ive),  in lieu of 

1 - 2 - 2 4  B C D  output,  add  $ l O . t  

5233L Electronic Counter 
Range: dc  coupled: 0 to  more than  2 M H z ,  ac coupled: 10 Hz to more 

Impedance: approx. 1 megohm 80 pFshunt.  
Sensitivity: 0.1 V rms sine wive ;  1 V pulse, 0 . 2  psec min. width.  
Trigger level: -100 to  +10o.V, adlustable either positive or nega- 

than 2 M H z .  

h v e  s lnn~ .  InAmendent controls on each channel.  ".-~-, ~. .. ~ . ~ . ~ ~  
Channel inputs: Common Separate Check. 
Marker output: available i t  rear pabe1 for oscilloscope intensity modu- 

lation to mark trigger points on  input waveforms; 1 psec duratlon 
~~ 

and -15 V peak. 
Range: 10 psec to  1O'sec. 
Input: Channels A and B. 
Standard frequency counted: 1 M H z  to 0.1 H z  in decade steps or ex- 

ternal frequency 100 Hz to 1 M H z .  
Accuracy: *1 count = time base accurac 
Reads in: msec or sec with positioned J G i m a l .  
Measurement: time from A to  B.  
Range: 0 to  > 2  M H z .  
Input: Channel A .  
Accuracy: 11 count t time base accuracy. 
Reads in: kHz or M H z  with positioned decimal. 
Gate time: 10 psec to  10 sec in decades. 
Self check: counts 1 M H z  for the gate time chosen by time base 

trigger error." 

selector. 
Range: 0 to 100 kHz. 
Input: Channel A. 
Accuracy: r l  count I time base accuracy I trigger error. "':' 
Reads in: msec or sec with positioned decjmal. 
Frequency counted: 1 M H z  to  0.1 Hz in decade steps. 
Self check: gate t ime is 1 sec; frequency counted is 0.1 Hz to 1 M H z  

Range: 0 to  2 M H z  (multiple per iod) ,  0 to 1 M H z  ( X l O ) ,  0 to 100 
as selected by time base switch. 

LHz (XI). ..... ~~~~, 
Input: Channel A .  
Accuracy: 11 count t time base accuracy ? trigger error.** 
Reads in: bsec or nsec with positioned decimal. 
Periods averaged: i o  to 107 i n  decade steps. 
Frequency counted: 1 MHz.  
Self check gate time is 10 psec to 1@ sec (10 to  10' periods of  1 

M H z )  ; counts 1 M H z .  
Range: Channel A ( F A )  : 0 to  more than  2 M H z ;  Channel B (F,) : 

O,.tp. 2 MHz (multiple per iod) ,  0 to  1 M H z  ( X l O ) ,  0 to  100 k H z  
(A1 j .  

Input: Channels A and B. 

Measures: 
F, (multiplier)  

F" 
D 

F, 1000F, 
Reads: - o: -, depending on  multiplier setting. 

F" Fn 
Accuracy: t1 count of FA 3 trigger error Of FB 

Multiplier: 1 to  107 in decade steps. 
Self check: counts 1 M H z  for 10 psec to 10 sec, depending on multi-  

multiplier setting 

plier setting. 
Input: Channel A. 
Multiplier: prescales input of Channel A in decades, 1 to lo'. 
Totalize: periodic events a t  rates to more than  2 x lO6/sec; random 

Frequency: (internal)  : 1 M H z .  
Stability: aging rate: e 2  parts in lo '  per month ;  as a function of line 

voltage part in 10' for changes of -10%; as a function of ambi- 
ent temperature: <12 parts in 105 (+IO' to + 5 0 ° C ) ,  +20 parts in IOF 
( 0' to + 6 5 " C ) .  

External input: range: 100 Hz to 1 M H z ,  sine wave; sensitivity: 1 
V rms above 1 kHz; 2 V rms, 100 Hz to 1 kHz.  

Outputs, rear panel 
Oscillator: 1 M H z  3 V p-p '  t ime base (separate B N C  connector) : 

0.1 Hz to  1 MH; in decad; steps, 5 V p-p ,  600-ohm source; avail- 
able in Period, Time Interval, and  Manual  without reset inter. 

events with pulse spacing t o  0.5 psec or less. 

R G :  0 t o > 2  h l H z .  
Function setting: Manual .  
Input: Channel A .  
Factor: by decades up to 10'. 
OutDut: rear Dane1 in place of time base output frequencies 5 V P-P 

frbm 600 ohms. . 

Output: 4.line 1,;2-2.4 BCD; 100 K each line; "0" state level: 
1" state level: approx. t 1 8  V. 

Reference levels: approx. t 1 3  V, 900-ohm source impedance, and 

Print command: t 2 8  V step, 2700-ohm source impedance; 1000 pE 

Printer output 

approx. -8 V; 

approx. -5 V, 1200-ohm source impedance. 

in series. 
Hold-off requirements: from +2 V, to -20 V. 

Registration: 6 long-life rectan ular digital tubes with display storage. 
Measuremqnts unit: unit, reaabut, for frequency, period, period aver- 

age, and  time interval with positioned,decimal point,  
Sample rate: time following a gate closing dur in  which the gate may 

not  be reopened is contin,uousl xariable from fess,than 0.2 sec to 5 
sec; independent of gate time; Kisi!ay, can be he ld  indefinitely. 

Self check: in all  function and mu tip ier positions. 
Operating temperature range: O°C to  t 6 5 " C .  
Power: 115 or  230 V tIO7%, 50 to  60 Hz * * * '  50 watts. 
Dimensions: 163h" wide. 3-15/32" high, 11'1h" deep (425 x 86 x 

285 m m ) .  
Weight: net 19  Ibs ( 8 , 5  k g ) ;  shipping 22 lbs (10 k g ) .  
Price: H P  5233L $1600. 
Option 02.: 1-2.4-8 B C D  output in lieu of 1.2-2-4 BCD,  add  $10. + 

0.0025 * For any wave shape, trigger error is less than  * signal slope (V,psec) psec; below 0.1 Hz maximum error may increase up to 10-fold,  depending on  lii 
voltage and  environmental conditions. 

0.3% of one period * * W i t h  trigger level set a t  zero, either slope, trigger error for sine wave input is less than  2 
periods a t  rated sensitivity for signals with 40 dB si 

nal-to-noise ratio. I * * *  Line frequency limit imposed by cooling fan.  t Option 03.-same as 02. except "1" state negative, add  $10. 
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Uses: 
Measures normalized rate 
Measures ratio 
Measures normalized ratio 
Measures time for N events to occur 
Counts N events, giving an output pulse at the start 

Allows N to be remotely preset 
and the end of the count 

(N may be set to any integer from 1 to 100,000) 

Model 5214L Preset Counter is one of the most versatile 
electronic counters ever produced. It not only measures fre- 
quency and period and totalizes, as do most universal elec- 
tronic counters, but it also performs the additional measure- 
ment functions enumerated under “Uses”. Such versatility 
is achieved by using two sets of decades; one set registers 
the signal being counted, the other, which may be preset to 
any integer from 1 to 100,000, controls the gate. Provision 
has been made so that the number N can be remotely pro- 
grammed, Separate output signals also are available to op- 
erate external equipment whenever the gate opens or closes. 
Solid state circuits are used throughout, 

Rate measurement 
In rate measurements, which correspond to the frequency 

measurements of ordinary counters, gate time is controlled 
by the preset decades (N) , the time base (1 00 kHz) , and the 
multiplier ( M ) .  The gate is held open for N periods 
( N  = 1 to N = ~ 0 0 , 0 0 0 )  of the frequency furnished by 
the time base. If the internal 100 kHz time base is connected 
directly to the preset decades ( M  at XI) ,  the gate time is 
set in 10 psec steps. Setting the Multiplier to XI0 or XlOO 
divides the time base frequency by 10 or 100 respectively, 
so that time may be set in 100 p e c  or 1 msec steps, as well. 
Setting gate time for 1 second permits frequency measure- 
ments directly in cycles per second. 

Being able to select gate time allows you to normalize 
readings or to convert frequencies into practical units. For 
instance, if a tachometer generator, which produces 100 
pulses per revolution, is connected to a rotating shaft, you 
can set the gate to 10.000 msec (0.01 sec) and measure rps 
directly or you can set the gate for 600.00 msec (0.6 sec) 
and measure rpm. 

The long gate times that are available (up to 100 sec- 
onds) allow you to measure low frequencies or register the 
least significant digits of an input signal better to observe 
small variations of rate. 

Ratio measurement 
Model 5214L measures ratio over a wide range of fre- 

quencies and with a wide choice of normalizing factors. 
The signal connected to input B goes through the Multi- 
plier switch and the preset decades, and controls the gate 
time; the signal connected to input A goes to the readout 
decades. Consequently, signal A is counted for a number of 
periods of signal B equal to the product of N and the 
Multiplier setting. 

The number displayed by the readout decades is M N A /  

B, where A is the frequency of the signal connected to 
input A, and B is the frequency of the signal connected to 
input B. Gate length from 1 to 10’ periods of signal B can 
be chosen in steps of 1, 10, or 100. Input B also can be 
used for extending gate time or for applications requiring 
an external time base, 

Time measurement 
In the Time function, which corresponds to period mea- 

surements in conventional counters, the HP 52 14L measures 
the time in milliseconds for N events to occur. The meas- 
urement may be made in increments of 0.01, 0.1 or 1 msec 
by setting the Multiplier to XI,  XlO, or X100, respectively. 

Period and multiple period measurements are also easily 
made with the function switch in the Time position, and 
period average is determined by dividing the time reading 
by N. The ability to choose the number of input cycles 
measured and to choose time increments of 0.01 msec, 0.1 
msec, or 1 msec allows the operator to achieve the greatest 
accuracy possible, or to obtain a required accuracy in the 
shortest measurement time. 

Preset counting 
When the Function switch is set to Preset at N, the 5214L 

counts N events and provides an output pulse at the be- 
ginning and end of the preset count. This feature is useful 
in batching, as the gate signal can be used to control ex- 
ternal equipment. Separate electrical output signals are 
available at the beginning and end of the count. 

Display storage 
All H P  solid-state electronic counters have display storage 

which holds the most recent measurement even while the 
instrument is gated for a new count. If the new count differs 
from the stored count, the display will shift to the new 
reading directly. Where desirable, the storage feature may 
be disabled by a rear-panel switch. 

Electrical readout 
These counters provide a four-line BCD code output with 

assigned weights of 1-2-2-4 (“1” state positive with respect 
to “0” state). This output is suitable for systems use or for 
output devices such as HP562A Digital Recorder, or the 
580-4, 581-4 Digital-to-Analog Converters (pages 96 and 
9 8 ) .  1-2-4-8 BCD code output is also available at extra cost. 

Functions 
Specifications 

Totalize (input A) 
Range: 2 Hz to 300 kHz. 
Sensitivity: W o . 1  volt rms sine wave. 
Gate time: manual control. 
Input impedance: 1 megohm, 50pF shunt. 
Capacity: 99,999 counts in units, tens or hundreds. 

Range: 2 Hz to 300 k H t .  
Sensitivity: *0.1 volt rms sine wave. 
Gate time: 10 psec to 1 sec in 10 psec steps; 100 psec to 

10 sec in 100 Fsec steps; 1 msec to 100 sec in 1 msec 
steps. 

Rate (input A) 

Accuracy: fl count .t time base accuracy. 
Input impedance: 1 megohm, 50pF shunt. 
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5214L 

Preset (input A) General 
Input frequency range: 2 Hz to 100 kHz. 

Reads: time for N events in msec. 
Time units: 10 mec, 0.1 msec or 1 msec. 
Input impedance: 1 megohm, 50 pf shunt. 
Accuracy: 2 1  count -+ time base accuracy * trigger error.? 

Sensitivity”: 0.1 V rms sine wave. 

Ratio 
Input A: frequency range 2 Hz to 300 kHz; sensitivity, “0.1 

V rms sine wave; input impedance, 1 megohm, 50 pf 
shunt. 

Input 6: frequency range, 2 Hz to 100 kHz on X 1  ( 2  HZ to 
300 kHz on X I 0  and X100) ;  sensitivity, 0.1 V to 10 V 

rms; input impedance, 1 megohm, 50 pf shunt. 
Reads: N x 4/B x Multiplier. 
Accuracy: -tl count. 

Internal time base 
Aging rate: <-+2 parts in IO”/ week. 
Temperature: < f 2 0  parts in 106 +15”C to +35”C; 

Line voltage: <1 part in 106 for & l o %  line. 
< f l O 0  parts in 106 -20°C to +65”C.  

Printer output 
Output: 4-line 1-2-2-4 BCD; 1-2-4-8 BCD optional. 
Impedance: 100 K each line; “0” state level: approx. -28 

Reference levels: approx. -2.4 V, 350-ohm source impe- 

Print command: step from -29 V to - 1 V from 2700-ohm 

Hold-off requirements: chassis ground to 1-12 V max. 

appropriate contact closures. 

V; “1” state level: - 2  V. 

dance and -26.9 V, 1000-ohm source. 

source in series with 1000 pf. 

Remote operation: number “N” can be remotely preset by 

Registration: 5 long-life rectangular digital display tubes 
with display storage. 

Sample rate: sample rate control determines length of time 
after gate closure before gate can be reopened; adjustable 
from 0.2 sec min. to at least 5 sec max. with counter in 
Rate, it is independent of gate time, and display can be 
held indefinitely. 

Input connectors: BNC, on front and rear panels, wired in 
parallel. 

Operating temperature: -20 to +65”C. 
Outputs: positive pulse approx. 10 V high and 5 p e c  wide 

at gate opening and closing. 
Dimensions: 1 6 % ”  wide, 3-13/16” high, 13%“ deep (426 x 

97 x 337 m m ) ;  quickly converts to rack mount: 19“ wide, 
3%”  high, 111/4” deep behind mounting surface ( 4 8 3 ~  
89 x 286 mm).  

Weight: net 15 lbs (6,75 k g ) ;  shipping 25 lbs (11 kg ) .  
Power: 115 or 230 V &lo%, 50 to 60 H t ,  35 W (line fre- 

quency limit imposed by fan motor ) .  
Accessories provided: two 10503A cables, 4 feet long, BNC 

connectors, circuit board extender, detachable ‘power cord. 
Price: HP 5214L, $1300. 
Options 

02. 1-2-4-8 BCD (“1” state positive) in lieu of 1-2-2-4, 

03. Same as Option 02. except “1” state negative, add $10. 
add $10. 

+Internal control allows trigger adjustment for negative or posi- 
tive periodic pulses. 

for > 40 dB t Trigger error (sine wave) < 
signal-to-noise ratio on input signal ; trigger error decreases with in- 
creased signal amplitude and slope. 

0.3% of one period 
N - 
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T h e  5 2 8 0 A /  5 285 A Reversible Counter /P lug- In  combina- 
tion has two input  channels ( “ A ”  and “B”)  with an indi-  
vidual range of dc  to more  than 2 M H z .  T h e  superior tr igger 
level controls fo r  each channel allow the use of a wide range 
of inputs in all modes of operation. Dr i f t  of the differential 
dc amplifiers, used in the input  circuitry, is unusually low to 
provide more  accurate definition and retention of set trigger 
points.  

Three  basic types of measurement provide exceptional 
versatility. 

Algebraic A, B 
A :  T h e  A input  is totalized, dc  to more than 2 M H z ,  for  

the length of t ime the main gate is open. 
A - B :  T h e  input  A minus the input  B is totalized, dc 

to  1 M H z  each channel, for the gate open period. In this 
mode  the 1 M H z  rate is retained while reversing direction of 
count, and while passing through zero. 

A + B: T h e  input A plus the  input B is totalized, dc  to 1 
M H z  each channel, fo r  the gate open period. 

B: T h e  B input  is totalized, dc  to more than 2 M H z ,  for  
the length of time the main gate is open. 

A directional M O D E  switch can be used to reverse the 
measurements in the above 4 modes, Le., -A, - A + B ,  
-A-B, and -B. In  the A-B and A + B  modes, an  anti- 
coincidence circuit is used t o  prevent the loss of any counts 
that  arrive at  the inputs in t ime coincidence. 

A f W  
In this mode  of operation, A is counted forward when the 

B input  is more positive than its tr igger level setting, and A is 
counted in reverse when B is more  negative than its trigger 
level. (Inverse operation is possible) ,  A unique count direc- 
tion gating system is used to prevent the inherent propaga- 
tion delay down the readout decades f rom limiting the input  
frequency capability of A.  T h e  maximum input to  channel 
A in this mode  is 2 M H z  even when the 7th and 8 th  digits 
have been added to the readout. T h e  count direction can be 
reversed without count error with a minimum of 250 nsec be- 
tween the reverse step function command and the next input 
pulse. 

A Quad B 

This  mode  of operation is designed to operate with trans- 
ducers having two outputs separated 90” in phase ( in  quad-  
ra ture) .  T h e  A output  is totalized, u p  or down,  depending  
upon its phase relationship with the B input .  W h e n  B leads 
A, A is totalized in a positive direction; when B lags A ,  A 
is totalized in a negative direction. (Inverse operation is pos- 
sible.)  T h e  direction of count may be reversed at  a 1 M H z  
rate, which is also the maximum frequency allowable on  A 
and B. 

- 
5280A 

Readout Gating 

Registration is by a 6-digit  in-line display of rectangular 
N ix ie  tubes with a 7th and  8 th  digit of display available on 
request, Overflow of the  displayed readout is indicated by a 
f ront  panel neon light. A long-life Nix ie  displays + or  - 
corresponding to the algebraic sign of the  readout. 

Four-line, BCD-coded output including polarity and  over- 
flow is provided as a standard feature with the assigned 
weights of 1 - 2 - 4 8  (“1” state positive with respect to  the 
“0” state) .  This  output is suitable for systems use, o r  for out- 
pu t  devices such as the Hewlett-Packard Model  562A Digital  
Recorder, the H03-580A and H 0 3 - 5 8 1 A  Digital-to-Analog 
Converters. 

/ 

Three  ga t ing  modes are  available, selected by a f ront  panel 
switch. Manual  “ O P E N ”  and manual  “CLOSED” operate 
the main gate fo r  all functional modes of t he  plug-in opera- 
tion. External “S INGLE”  requires a d c  voltage applied to a 
rear panel “START”  input  fo r  the desired gate  open period. 
In the  external “ D U A L ”  position separate inputs to two 
wires at the rear “START”  “ S T O P ”  connectors are required 
to  open and close the  main gate,  Reset may be accomplished 
by a f ront  panel push  button or by applying an  input to  a 
rear panel connector. 

5285A Universal Input Plug-in 
T h e  5 2 8 5 4  Plug-In operates in conjunction with the 

5280A Reversible Counter,  Both units must be ordered; 
neither one  will operate independently of the other. 
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Typical Applications 
W i t h  laser interferometer for  precision metrology. 
W i t h  flow meters to  measure and control l iquid flow rates 

W i t h  rotary optical encoders to measure and control posi- 

For crystal frequency comparison in production testing. 
W i t h  optical encoders or stepping motors to  indicate posi- 

W i t h  V to F converters to  integrate dc  voltages and thus 

or volume in a tank. 

tion and velocity, for example, of rolls of paper. 

tion of numerically controlled machine tools. 

obtain the average value of drift  over a time period. 

Special Orders and Options 
A special order time base allows precise setting of the 

gating period in 1 msec increments up  to a total of 1000 
secs. Gate  time set by thumb wheels on  front  panel. Decade 
steps optional. Variable sample rate; hold provision. 

A "Readout on the Fly" feature (special o rder )  enables 
the count to be transferred into a storage register on coni- 
mand at any poin t  in time without interrupting counting. 
T h e  sample rate for transferring data is in excess of 100 kHz. 

1-2-2-4 coded digital output is available as an option. For 
details, please communicate with your HP field office. 

Specifications 
5280A Reversible Counter 

General 
Range: dc to 2 MHz Channel A or Channel B (see 5255A 

specifications for details concerning other input requirements) 
Registration: G long-life rectangular Nixie@ tubes (7th and 8th 

digit of readout optional). f and - indication by long-life 
rectangular Nixie tube. Overflow indication by front panel neon 
light. 

Reset: remote by contact closure or saturated N P N  transistor to 
ground. Input via rear panel BNC. Manual by front panel 
pushbutton. 

Reset time: less than 10 psec. 
Inhibit: start channel is inhibited during reset time with the func- 

tion switch in the DUAL position only. Inhibit released at end 
?f reset time. 

Gate light: gate light indicates main gate open. 

Manual: controlled by front panel function switch for OPEN and 
Gate control 

CLOSED positions. 
External dual 

puts. 
Input: separate BNC's on rear panel for START and STOP in- 

Sensitivity: sine wave 1 volt rms; pulse 2 V p-p. 
Impedance: approximately 100 k ohms, 25  pF in shunt. 
Trigger level: +IO volts to -10 volts, adjustable at the rear 

Polarity: - or - rear panel switch selects triggering slope. 

Input: START BNC on rear panel. 
Sensitivity: sine wave 1 volt rms; pulse 2 V p-p. 
Impedance: approximately 100 k ohms, 2 5  pF in shunt. 
Trigger level: f 10 volts to -IO volts, adjustable at rear panel. 
Polarity: f or - rear panel switch selects gate open polarity. 
Gate: (+ )  opens when input is positive with respect to the trig- 

ger level. Closes when input is negative with respect to the 
trigger level. (-) inverse of ( f ) .  Manually switched dc 
voltage is a satisfactory gating input. 

panel. Independent controls on each input. 

External single 

Printer output 
Output: 4-line 1-2-4-5 BCD. 

"0" state level: approximately -14 volts. 
"1" state level: approximately -14 volts. 

Impedance: 100 k ohms each line. 
Reference levels: 0 volts for "0" and "1" states. 
Print command: positive 15-volt step from -15 volts to 0 volts. 
Hold-off requirements: externally applied level change from 0 

volts or more negative than 0 volts to f 10 volts (effective with 
function switch in DUAL position only). 

Overflow: single line output, 100 k ohms impedance. "OFF" 
level approximately 17 volts, "ON" level approximately -1 3 
volts. 

k Nixie sign (indicates sign of count): single line output, 100 
k ohms, impedance, + level approximately -15 volts, - level 
approximately + 13 volts. 

Physical specifications 
Rear panel connectors: BNC "START" and "STOP" gate in- 

puts. BNC rear terminal in parallel (RTIP) inputs for "A" and 
"B" channels of the 5285A Universal Input plug-in. BNC in- 
put for external RESET. BNC MONITOR outputs for channel 
A and B triggers. 50 pin mating connector for BCD output. 
Arnphenol # 57-30500-37s ( H P  # 1251-0056). 

E B u r r o u g h s  Corp. 

Rear panel controls: C polarity switch for single and dual gate 
control input, Trigger level adjustments for "START" "STOP" 
inputs, i: 10 volts. 

Dimensions: 51/4" high, 163/4" wide. 163/s" deep ( 1 3 2  x 4 2 5  x 
4 16 mii ) . 

Weight: Net, 29 Ibs (13,2 kg).  Shipping, 40 Ibs (18.1 kg) .  
(Weights include plug-in.) 

Power: 115 or 230 volts C 10%. 50 to 60 Hz. 110 Lvatts (Lvith 
5255A plug-in). 

Operating temperature range (5280A/52856): O'C ( i 2 ' F )  
to f65"C ( f149"F) .  

Price: $1450. 

5285A Universal Input Plugln 
(for operation in H P  hfodel 5250A only)  

Input channels (A and 6 )  
Range: dc coupled: 0 to more than 2 hiHz. ac coupled: 10 Hz 

Impedance: approximately 1 megohm, 75 pF shunt. 
Maximum input: ac coupled, C600 ~ o l t s  peak; dc coupled, I S  

volts rms (Xl), 150 volts rms (XlO) ,  350 volts rnis (XlOO). 
Sensitivity: 0.1 r-olt rms sine wa\.e; 1 w l t  pulse, 0.2 Isec mini- 

ilium width. 
Trigger level: -100 to f 100 volts, adjustable, independent con- 

trols on each channel. 

to more than 2 RlHz. 

Modes of operation 
A Quad B: totalizes A as a function of B phase. Maxiintiin rate 1 

Totalizes A positively if B leads A. 
Totalizes A negatively if B lags A. 
(Above for directional hlODE switch in FWD position. Count 

direction reversed with switch in REV position.) 
Af(6): totalizes A as a function of B from dc to more than 2 

MHz. If B is positive, A is totalized positively If B is negative, 
A is totalized negatively. Count direction reversed within 2 5 0  
nsec of B step function command. (Direction of A counted as :i 
function of B is reversed with directional RIODE s\vitch in 
REV position.) 

Algebraic A, B totalizes both A and B according to MODE 
selector setting. 

A: A only to greater than 2 hIHz. 
A-B: input A minus input B ;  to 1 hlHz per channel. Anti-coin- 

cidence circuit prevents count loss when pulses arrive in time 
coincidence. 

A + B: input A plus input B;  1 MHz per channel, Anti-coincidence 
circuit prevents count loss when pulses arrive in time coin- 
cidence. 

MHz (same frequency in both channels). 

6: B only to > 2  MHz. 
Direction of counting is reiersed with the directional hIODE 

switch in - position, i.e., modes would be -A, -A-tB. 
-A-B, -B. 

Physical specifications 
Weight: Net, 3 Ibs (1,4 kg) .  Shipped in 5280A. 
Dimensions: 4-25/64" high, 4-37/64" wide, 8l/," deep ( 1  1 2  x 

Price: $450. 
116 x 216 mm).  
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ELECTRONIC COUNTERS 
Measure frequency to 10.1 MHz; stable time base 
Models 524C,D 

The H P  524C and 524D Electronic Counters (vacuum 
tube models) permit direct measurement of frequency and 
period from 10 Hz to 10 MHz and dc to 100 kHz, respec- 
tively. High accuracy is assured by a crystal time base, stable 
to within t 5  parts in lo8 per week. 

Plug-in versatility permits frequency measurement range 
to be extended upward to 510 MHz, allows period measure- 
ments over 10,000 periods, provides increased sensitivity for 
measurement of low-level signals and adds time interval 
measurement capability. When used with the H P  2590A 
Microwave Frequency Converter, frequency range can be 
extended to 1 5  GHz. The H P  540B Transfer Oscillator 
with P932A Harmonic Mixer extends the range to 18 GHz. 
Typical applications include measurement of transmitter 
and crystal oscillator frequencies, electrical and mechanical 
time intervals, pulse length and repetition rates, frequency 
drift, phase angle, high-accuracy ballistic timing and high- 
resolution tachometry. The 524 also i s  very useful as a sec- 
ondary frequency. 

Frequency is read over 5 selected gate times - 0.001, 
0.01, 0.1, 1 and 10 seconds. Period of time interval is 
measured by counting accurate, internally generated, stand- 
ard frequencies of 10 Hz, 1 or 100 kHz, 10 MHz, or an ex- 
ternally applied frequency. Display time is variable at will; 
counts are automatically reset, and action is repetitive. 

Specifications, 524C,D 
(basic unit for frequency measurements, 0 Hz to 10.1 MHz) 

Frequency measurement (without plugin units) 
Range: 10 Hz to 10.1 MHz. 
Gate time: 0.001, 0.01, 0.1, I ,  10 seconds or manual control. 
Accuracy: 2 1  count & time base accuracy. 
Reads in: kHz ; decimal point automatically positioned. 

Period measurement (without plug-in units) 
Range: 0 Hz to io0 kHz. 
Gate time: 1 or 10 cycles of unknown. 
Accuracg -+.I count 
Standard frequency counted: 10 Hz, 1 kHz, 100 kHz, 1 MHz, 

Reads in: sec, msec or Fsec; decimal point automatically posi- 

time base accuracy * trigger error. 

10 MHz,or externally applied frequency. 

tioned. 

General 
Registration (99,999,999 maximum display): 524C, 8 places 

(in-line digital display tubes) ; 524D, 8 places (neon colum- 
nar ) ,  

Stability: f5 parts in 10' per week, f 3  parts in lo8  short-term; 
external 100 kHz or 1 MHz primary standard may be used. 

Display time: variable 0.1 to 10 seconds but not less than gate 
time; display can be held indefinitely. 

Output frequencies: secondary standard frequencies available at 
front panel: 10 Hz, 1 kHz rectangular; 100 kHz positive pulse; 
10 MHz sine wave (stability as above). 

Crystal oven: temperature monitored by dial thermometer. 
Self check: panel control provides automatic count af internal 

standard 100 kHz and 10 MHz frequencies to assure accuracy 
o f  gate and proper operation of counter, 

Input voltage: I V rms min.; 1.5 V peak; rise time 0.2 sec or 
faster. 

Input impedance: approx. 1 megohm, 40 pF shunt capacitance. 

524C Electronic Counter 

525A-extends frequency 
measurement range from 
10 MHz to 100 MHz. 

525s-permits frequency 
measurements in 100 to 
220 MHz range. 

525C-enables counter to 
m e a s u r e  f requency be-  
tween 100 M H z  and 510 
MHz. 

526A-increases 524 sen- 
sitivity to 10 mv. 

5268 - provides t ime in. 
terval measurement c a p .  
bilities- 1 fisec to  100 
days. 

5 26C-al l o w  s a c c u r a t e  
l o w - f r e q u e n c y  m u l t i p l e  
period measurements to 
104 periods averaged. 

526D - converts counter 
to  make precise, direct 
p h a s e  ments. a n g l e  m e a s u r e -  
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External standard: 100 kHz or 1 MHz signal from external pri- 
mary standard can be applied to unit for highest accuracy; 2 
volts rms required; input impedance, nominal: 56 K, 40 pF 
shunt. 

Connectors: BNC type. 
Power: 115 or 230 V & l o % ,  50 to 60 Hz, approx. 600 W. 
Accessories furnished: 10503A Cable Assembly, 48” RG-58/U 

cable, terminated each end with UG-8SA.J BNC male con- 
nectors. 

Dimensions: cabinet: 20” wide, 211/” high, 231/Zn deep (508x 
540x597 m m ) ;  rack mount: 19” wide, 19%’’ high, 20%’’ 
deep (483 ~ 4 8 9 x 5 1 4  mm).  

Weight: net 118 Ibs (53 kg),  shipping 153 Ibs (69 kg) (cabinet) ; 
net 108 Ibs (49 kg),  shipping 153 Ibs (69 kg) (rack mount). 

Price: HP 524C, $2900 (cabinet); HP  524CR, $2900 (rack 
mount) ; HP 524D, $2650 (cabinet) ; HP 524DR. $2650 (rack 
mount) ; with 4-line (1-2-2-4 “1” state positive) ; BCD output 
and reference voltage for driving 562.4 Digital Recorder, price 
on request. 

01. Single-line voltage coded decimal output (staircase) for 
operating 560A Digital Recorder; 524D-95A installed, add 
$60 (MS 3102A-22-14s output connector). 

02. 10-line decimal code output and 562A-16C Cable for oper- 
ating 561B Digital Recorder or remote indicator; 524C-95B 
installed (524C,CR only), add $165 (Amphenol 57-20500 
output connector). 

Options 

525A Frequency Converter Unit 
(plugged into 524 Electronic Counter) 

Range: as amplifier, 10 Hz to 10.1 MHz; as converter. 10.1 MHz to 

Accuracy: retains accuracy of counter. 
Resolution: 0.1 cycle to 1000 cycles, depending on gate time. 
Input voltage: 0.1 volt to 10 volts rnis, 10 Hz to 10 MHz; 10 inV 

to 1 volt rms, 10 MHz to 100 MHz. 
Input impedance: approximately 1 megohm shunted by 40 pF, 10 

Hz to 10 iMHz; approximately 50 ohms, 10 MHz to 100 MHz. 
Tuning indicator: tuning eye aids frequency selection, indicates 

correct voltage level adjustment. 
Weight: net 5 Ibs ( 2  kg) ; shipping 9 Ibs ( 4  kg) .  
Price: HP S25A, $350. 

100 MHz. 

525B Frequency Converter Unit 
(plugged into 524 Electronic Counter) 

Range: 100 AIHz to 220 MHz. 
Accuracy: retains accuracy of counter. 
Resolution: 0.1 cycle to 1000 cycles, depending on gate time. 
Input voltage: 0.2 volt rms minimum. 
Input impedance: approximately 50 ohms. 
Tuning indicator: tuning eye aids frequency selection, indicates cor- 

rect input voltage. 
Weight: net 5 lbs ( 2  kg) ; shipping 9 lbs ( 4  kg).  
Price: HP 525B, $425.  

525C Frequency Converter Unit 
(plugged into 524 Electronic Counter) 

Range: as converter for counter, 100 MHz to 510 MHz; as amplifier 
for counter, 50 kHz to 10.1 MHz; direct connection for 0 to 10.1 
MHz. 

Accuracy: retains accuracy of counter. 
Resolution: 0.1 cycle to 1000 cycles, depending on gate time. 
Input voltage: 20 mV rms minimum, 50 kHz to 10.1 MHz; 100 

Maximum input: 2 V rms from 50 kHz to 10.1 MHz and 100 to 

Input impedance: approximately 700 ohms, 50 kHz to 10.1 MHz; 

Level indicator: meter aids frequency selection, indicates usable 

Weight: net 7 Ibs ( 3  kg) ; shipping 10 Ibs ( 5  kg) .  
Price: H P  525C, $475. 

mV rim minimum 100 to 510 MHz. 

510 MHz. 

approximately 50 ohms, 100 iMHz to 510 MHz. 

voltage level. 

526A Video Amplifier Unit 
(plugged into 524 Electronic Counter) 

Range: 10 Hz to 10.1 ILIHz. 
Accuracy: retains accuracy of counter. 
Minimum input voltage: approximately 10 iiiV rms. 
Level control: meter indicates input signal level, correct voltage ad- 

justment. 
Output terminal: BNC connector provides 10 times input voltage 

from 93-ohm source on the most sensitive range; allows oscillo- 
scope monitoring of input signal without loading circuit. 

Reads in: same as basic 524 Counter. 
Accessories furnished: supplied with 10505A Probe Assembly, 

which increases input impedance to 10 megohms shunted by 1 5  pF; 
maximum sensitivity using probe is 0.1 volt rms. 

Weight: net 5 Ibs ( 2  kg) ; shipping 8 Ibs ( 3  kg).  
Price: HP 526A. $250. 

526B Time Interval Unit 
(plugged into 524 Electronic Counter) 

Range: 1 ,,.set to 10’ seconds. 
Accuracy: 21 period of standard frequency counted, 2 time base 

Registration: on 524 Counter. 
Input voltage: I volt peak minimun1, direct-coupled input. 
Input impedance: approximately 1 megohm, 40 pF shunt. 
Statt-stop: independent or common channels. 
Trigger slope: positive or negative on start and/or stop channels. 
Trigger amplitude: both channels continuously adjustable from 

Standard frequency counted: 10 Hz, I or 100 kHz, 10 MHz from 

Reads in: sec, msec or psec; decimal point automatically positioned. 
Accessory furnished: 10503A Cable Assembly, 48” RG-58C/U 

Weight: net 5 Ibs (2 kg) ; shipping 7 Ibs ( 3  kg).  
Price: HP 526B, $275. 

accuracy. 

-192 to +192 volts. 

524 counter; or externally applied frequency. 

cable terminated with UG-SS/rr BNC connectors. 

526C Period Multiplier Unit 
(plugged into 524 Electronic Counter) 

Range: o to 100 kHz 
Gate time: 1, 10, 100, 1000, and 10,000 cycles of the unknown fre- 

Accuracy: -+I count -+ time base accuracy t trigger error. 
Standard frequency counted: 10 Hz, 1 kHz, 100 kHz, 10 hfHz or 

Reads in: seconds, milliseconds, microseconds. 
Input voltage: 1 volt rms minimum 
Input impedance: 1 megohm, 40 pFshunt. 
Weight: net 5 Ibs ( 2  kg) ; shipping 7 Ibs (3  kg).  
Price: HP 526C, $250. 

quency. 

externally applied frequency. 

526D Phase Unit 
(plugged into 524 Electronic Counter) 

Range: phase angle, 0 to 360” lead or lag. 
Frequency range: 1 Hz to 20 kHz. 
Reads in: time units with maximum resolution of 0.1 psec for full 

frequency range; for frequencies 396 to 404 Hz, a frequency multi- 
plier (3600X) provides readings direct in tenths of degrees. 

F 
F, 

Accuracy: k ( 0 . 5 ”  + x 360” T F,, x x 360“) where F,, is 

frequency of phase measured signal, and Fc is counted frequency 
, . ,assuming noise 65 dB below signal and negligible counted 
frequency error; S/N ratio influences accuracy; accuracy dimin- 
ishes somewhat below 350 Hz when ac coupled; for highest ac- 
curacy both inputs should be coupled in the same mode, ac or dc. 

Input voltages: 5 to 120 x-olts rms; usable to 240 V rms. 
Input impedance: approximately 1 megohm, 80 pF shunt. 
Weight: net 5 Ibs ( 2  kg) ; shipping 10 Ibs ( 5  kg) ,  
Price: H P  526D, $850. 
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Uses: 
Measure frequency 
Count  periodic or random pulses 
Measure period, t ime interval 
High-accuracy phase measurements 
Totalize events, measure ratios 
Ballistic measurements 

523C,D Electronic Counters 
H i g h  sensitivity and versatile trigger level circuitry make 

the H P  523C and  5 2 3 D  Electronic Counters (vacuum tube 
models) useful for a broad range of applications. The in- 
struments measure frequency, period, t ime interval, phase 
delay, random events and ratios. They  also totalize electrical 
events, periodic or random. T h e  523C has an  in-line display, 
while the 5 2 3 D  has a neon columnar display. Digital re- 
corder output  is optionally available o n  both instruments. 

Trigger slope: pos. or neg. on start and stop channels. 

Trigger amplitude: continuously adjustable on both input 

Standard frequency counted: 1 Hz, 10 Hz, loo Hz, 1 kHz, 

Reads in: seconds, msec or psec; positioned decimal point. 

Range: 1 Hz to 20 kHz, dc coupled; 50 Hz to 20 kHz, ac 

Input voltage: 5 to 10 V rms, pure sinusoidal signal. 

Accuracy: f0.1" f x 360" where f ,  is the counted 

channels f rom -300 to f300V.  

10 kHz, 100 kHz, 1 MHz; external. 

Phase measurement 

coupled. 

(i.) 
frequency and f, the measured frequency 

Ratio measurement: displays f,/f,, or 10 f,/f,, with accuracy 
of 2 1  count; f,, 10 Hz to 1.2 MHz; f,, 0.00001 Hz to 100 
kHz ( f ,  >f,) .  

Totalize: electrical events, periodic or random to 999999 at rates 

General 

to 1,200,000/sec. 

Registration: 523c, six in-line digital tubes, single line; 
523D, six decimal places each indicated by lighted num- 
bers. 

Stability: 2 x 10-6 per week. 

Display time: variable from approximately 0.1 to 10 seconds; 

Self-check: counts of 100 kHz or 1 MHz. 
Output frequencies: available at front panel; 1 Hz, 10 Hz, 

100 Hz, 1 kHz, 10 kHz rectangular; 100 kHz and 1 MHz 
sine wave, 0.5 V p-p;  stability 2 /106  per week. 

External standard: 100 kHz from external primary standard 
can be applied to unit for highest accuracy; minimum in- 
put, 1 V rms. 

display can be held until manually reset. 

Power: 115 or 230 V r + l O % ,  50 to 60 Hz, approx. 350 W. 
Dimensions: cabinet: 20%"  wide, 111/4'' high, 18%" deep 

(521 x 286 x 476 m m )  ; rack mount:  19" wide, 8%" high, 
16%" deep (483 x 2 2 2  x 413 m m ) .  

Weight: net 48 Ibs ( 2 2  k g ) ,  shipping 7 8  lbs (35 kg) (cabi- 
n e t ) ;  net 48 Ibs (22 kg) ,  shipping 61 Ibs (28 kg)  (rack 
moun t ) ,  

Accessories furnished: two 10503A Cable Assemblies. 

Accessories available: remote indicator for 523c, 523CR and 
interconnecting cable (100' maximum),  prices on request. 

Digital recorder kits for field installation: 523D-95A Adapter 
Kit for operating 560A Digital Recorder from 523C or 
523D, $45; 523C-95B Adapter Kit for operating 561B 
Digital Recorder from 523c, $65. 

Price: HP 523c, $1950 (cabinet); HP 523CR, $1950 (rack 
moun t ) ;  HP 523D, $1700 (cabinet); HP 523DR, $1700 
(rack mount) .  

01. Single-line decimal code (staircase) for operating 56OA 
Digital Recorder, add $45. 

02. 10-line decimal code output for operating 561B Digit- 
al Recorder or remote indicator, 523c only, add $65. 

Options 

Specifications, 523C,D 
Frequency measurement 

Range: 10 Hz to 1.2 MHz. 
Accuracy: 2 1  count f time base accuracy. 
Input sensitivity: 0.1 V rms, adjustable to 150 V rms maxi- 

mum input. 
Input trigger levels: stop channel may be used so that only 

signals meeting conditions set by trigger level controls are 
counted; slope may be + or -,level -300 to +300V. 

Input impedance: approximately 1 megohm, 50 pF shunt. 
Gate time: 0.001, 0.01, 0.1, 1, 10 seconds. 
Reads in: kHz; automatic illuminated decimal point. 

Range: 0.00001 Hz to 100 kHz. 
Accuracy measuring sine waves: f l  count f time base 

Input requirements: 0.1 V rms minimum, direct-coupled. 
Input impedance: approx. 1 megohm shunted by SOpF. 

Measurement period: 1 or 10 cycles of unknown. 
Standard frequency counted: 1 Hz to 1 MHz in decade steps 

or externally applied signal, 10 Hz to 1.2 MHz, 0.1 V rms 
minimum. 

Period measurement 

accuracy f trigger error. 

Reads in: seconds, msec or Fsec, positioned decimal point. 
Time interval measurement 

Range: 1 psec to 106 sec. 
Accuracy (pulse input): &1 count r+_ time base accuracy. 
Input impedance: approximately 1 megohm, 50 p F  shunt. 
Input requirements: 0.1 V rms minimum; direct- or ac- 

coupled input. 
Start and stop input: separate channels with independent 

controls; separate or common input. 
Start and stop marker output: separate output pulses, each 

approximately 5 p e c  duration and -20 V peak, available 
at rear of instrument for oscilloscope intensity modulation 
to mark start and stop points on input waveform; may be 
combined with Sep-Corn switch on rear of instrument. 
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10 Hz to 1.2 MHz 

10 Hz to 120 kHz 

Special output 
Four-line BCD output (1-2-2-4, “1” state positive) avail- 
able for driving 562A Digital Recorder; 580~4, 581A Digi- 
tal-to-Analog Converters; Dymec instruments, or data 
processing equipment, prices on request. 

522B Electronic Counter 
Versatile, low-cost psecisioiz coutztei, covers 10 H z  t o  120 

k H z  - T h e  all-purpose HP 522B Counter  vacuum tube  
m o d e l  measures frequency, period and  t ime interva1,Results 
are displayed automatically in direct-reading form - Hz, 
k H z ,  seconds or milliseconds.Reliab1e and  accurate readings 
make measurement quick and  convenient,even fo r  unskill- 
ed personnel .The counter can be  supplied with digital re-  
corder output for a small additional charge. 

Specifications, 522B 
Frequency measurement 

Range: 10 Hz to 120 k H t  (220 kHz optional) .  
Accuracy: rl count & time base accuracy. 
Stability: l/lO:/week or better. 
Input requirements: 0.2 volt rms minimum; input is direct- 

coupled (0.5 V rms above 120 kHz with 220 kHz option).  
Input impedance: approximately 1 megohm, 50 pF shunt. 
Gate time: 0.001, 0.01, 0.1, 1, 10 sec; manual control extends 

Display time: variable 0.1 to 10 sec in steps of gate time 

Reads in: Hz or kHz, decimal point indicated. 

Range: 0.0000t Hz to 10 k H z ;  output pulse available to ac- 

Accuracy: t l  count ? time base accuracy * trigger error. 
Input requirements: 0.2 V rms min.; direct-coupled input. 
Input impedance: approximately 1 megohm, 50 pF shunt. 

to any multiple of 1 or 10 sec. 

selected or until manually reset. 

Period measurement 

tuate trigger circuit for mechanical register. 

Gate time: one or ten cycles of unknown frequency; may be 
extended to any number of cycles of unknown frequency 
lower than 50 Hz by manual control. 

Standard frequency counted: 1, 10, 100 Hz; 1, 10, 100 kHz; 
external. 

Display time: variable from 0.1 to 10 seconds in steps of 
period being measured or until manually reset. 

Reads in: seconds or msec, decimal point indicated. 

Time interval measurement 
Range: 10 psec to 100,000 seconds (27 .8  h r s . ) .  
Accuracy: 1+1 count i time base accuracy. 
Input requirements: 1 v peak min.; direct-coupled input. 
Input impedance: approx. 250,000 ohms, 50 pF shunt. 
Start and stop: independent or common channels. 
Trigger slope: + or - on start and/or stop channels. 
Trigger amplitude: continuously adjustable on both channels 

Standard frequency counted: same as for period measure- 

Display time: same as  for period measurement. 
Reads in: seconds or msec, decimal point indicated. 

Power: 115  or 230 V *lo%, 50 to 60 Hz, 260 W. 
Dimensions: cabinet: 20%‘’ wide, 1 2 % ”  high, 1 4 % “  deep 

(527 x 324 x 362 m m )  ; rack mount: 19” wide, 10%” high, 
1 3 % ”  deep (483 x 267 x 346 m m ) .  

Weight: net 50 Ibs (22 kg ) ,  shipping 59 Ibs (26 kg) (cabi- 
ne t ) ;  net 44 Ibs (20 kg ) ,  shipping 57 lbs (25 kg) (rack 
mount ) .  

Price: HP 522B, $1100 (cabinet); HP 522BR, $1100 (rack 
mount)  ; with staircase output (for 560A operation) 
specify Option Ol., add $45. For 220  kHz operation, spec- 
ify Option 02., add $35; BCD output (1-2-2-4) available, 
price on request. 

from -100 to + loo  volts. 

ment. 

General 
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Maximum frequency 120 kHz 120 kHz 120 kHz 120 kHz 1.2 M H z  
(220 kHz with Option 03.) (220 kHz with Option 03.) (220 kHz with Option 03.) (220 kHz with Option 03.) 

* line accuracy, approx. *O.Ol% * line accuracy, approx. *O.Ol% * line accuracy, approx. 

(0.01% with Option 04.) (0.01% with Option 04.) (0.01% with Option 04.) 

neon display capacity: neon display capacity: digital display capacity: digital display capacity: neon display capacity: 

0.1, 1 second, 0.1, 1, 10 seconds, 0.1, 1 second, 0.1, 1, 10 seconds, 0.1, 1 second, 
manual, ext. manual, ext. manual, ext. manual, ext. manual, ext. 

Accuracy * 1 count, *l count, + 1 count, *1 count, *1 count, 

0.1% 0.1% 0.1% 

Registration 4 places, 5 places, 4 places, 5 places, 5 places, 

9,999 99,999 9,999 99,999 99,999 
Gate time 

Power 

Size (cabinet) 

115 or 230 V, 50 to 60 Hz, approx. 160 W on  115-volt l ine (add 10 W for crystal time base unit) 

9% ” wide, 15% ” high, 14% ”deep 
(248 x 387 x 362 mm) 

9% ” wide, 15% “ high, 15% ” deep 
(248 x 387 x 394 mm) 

9% ” wide, 15% ” high, 
14% ” deep 

Frequency, speed and random events, such as nuclear 
phenomena, occurring over a preselected time, are measured 
quickly and accurately by any one of the five low-cost elec- 
tronic counters in the Hewlett-Packard 521  Series (vacuum 
tube models). 

Price: cabinet or 
rack mount 

When connected to a suitable transducer that converts me- 
chanical events into electrical pulses, the electronic counters 
measure weight, pressure, temperature, rps, rpm and other 
quantities that can be related to frequency. 

~ 

$650 $800 $900 $1 125 $750 

Adapting the 521 Electronic Counters for recorder opera- 
tion is conveniently done by the use of an adapter kit, in- 
stalled by either the factory or the customer. It allows a 
permanent record of information to be acquired through 
some appropriate Hewlett-Packard digital recorder - 560A 
(staircase) or 561B (10-line) (page 97) ,  or 562A (BCD) 
(page 96)-for analysis or future reference. Additionally, 
the kit provides compatibility between the counters and the 
580A and 581A Digital-to-Analog Converters (page 98) ,  so 
that chart recorders may be used for analog recordings of 
frequency drift or other type of signal source variation. 

I HP Model I 521A I 521 C I 521 0 I 521 E 1 -  5 2 r  1 

Input: 0.2 volt, rms, minimum, or output from 1P41 Phototube (or 
equal) ; 0.5 volt rms required at frequencies above 120 kHt with 

03.)  ; continuously adjustable control for re- 220 kHz (Option 
ducing sensitivity to overcome noise. 

Input impedance: approximately 1 megohm, 50 pF shunt (500 k 
for “Phototube Jack”). 

Display time: variable from gate time to approximately 15  seconds, 
or until manually reset. 

Reads in: Hz and rps or rpm with 506A or 508A Tachoiiieter 
accessories (page 69) .  

Accessory provided: l050lA Cable Assembly, 44” (RG/58C/U 
terminated on one end only with UG-88/v type BNC connector). 

Options: (factory installed or kit form) 
01. Adapter for 560A Digital Recorder operation (staircase), all 

models, add $45; for field installation order Kit No. 521D- 
95A, $45. 

02. Adapter for 561B Digital Recorder operation (10-line) for 
521D and 521E, add $45; for field installation order Kit 
No. 521D-95B, $45. 

03. For 220 kHz operation for 512A,C,D,E, add $35 (installed). 
04. Crystal time base (100 kHz) plug-in for 521A,D,G, add 

$100; for field installation order Kit No, 521C-59B, $IO@. 

Modifications: BCD output (1-2-2-4) for use with 562A Digital 
Recorder, 580A, 581A Digital-to-Analog Converters ; price on 
request. 

Weight: net 28 Ibs (13 kg), shipping 379’2 Ibs (17 kg) (cabinet) ; 
net 26 1bs (12 kg),  shipping 411/2 Ibs (19 kg) (rack mount). 
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TIME INTERVAL COUNTER 
Measure intervals from 10 nanosec to 0.1 sec. 

Model 5275A 

Model 5275A is ideally suited for precise digital measure- 
ments of short time intervals between events that can be repre- 
sented by suitable electrical pulses. Resolution to 10 nano- 
seconds is achieved in automatic measurements over the fuIl 
10 nsec to 0.1 sec range of the instrument. 

Counted frequency is 100 MHz, obtained from an ex- 
ternal 1 MHz standard by a multiplying circuit within the 
counter. Applications for this instrument include the mea- 
surement of explosive burning rates, speed and acceleration 
timing of test vehicles in the free-flight wind tunnels, and 
nuclear measurements of various kinds. 

contribute to the typical HP  quality and reliability of this 
remarkable instrument. Standard features of remote reset, 
rear-mounted trigger terminals and 4-line BCD output make 
the 5275A suitable for many applications that would other- 
wise require equipment of special design, The time interval 
counter is housed in the H P  cabinet configuration which al- 
lows easy convertibility from bench use to rack mount. 

For system installation HP  101A 1 MHz Oscillator (See 
Frequency, Time Standards) is capable of supplying the 
time base for as many as twenty 5275A Time Interval 
Counters. Using one frequency standard conserves valuable 
rack space and reduces system cost where several time in- 

Rugged, modular construction and solid-state components terval counters are required. 

Specifications 
Range: 10 nanoseconds to 0.1 second. 
Resolution: 10 nanoseconds. 
Accuracy: 
Time base input: (HP  1 o l A  Oscillator recommended) 

state negative available on special order; “0” state: -8 
volts, “1” state: + 18 volts. 

nanoseconds & time base accuracy. Impedance: 100 k ,  each line. 
Print command: step from -6 to + 13  volts, dc coupled, 

Hold-off requirements: any voltage from 0 to + 1 2  volts, in- 

External reset: connection to ground (0 V ), 30 psec mini- 

Accessories furnished: two 10503A Cables, 4 ft. long, male 

Operating temperature range: -2OOC to + 65°C. 
Dimensions: 163/4” wide, 3-15/32” high, 19” deep (425 x 

Weight: net, 1 5  lbs ( 7  kg) ; shipping 2 5  lbs (11 kg) . 
Price: H P  5275A, $2450. 
Option 02: 4-line BDC output, 1-2-4-8, “1” state positive 

in lieu of 1-2-2-4 (identical in all other respects), add $10. 
Option 03 : same as Option 02. except“1” state negative, add 

$10. 

Frequency: 1 MHz. 2000-ohm source. 
Amplitude: 1 V rms into 1000 ohms. 
Signal-to-noise ratio: 60 dB. clusive. 
Phase and amplitude modulation: less than 0.1%. 
Stability: compatible with measurement needs. mum duration. 

BNC connectors. 
Registration: 7 places, digital, in neon columns. 
Reads in: microseconds, with decimal point. 
Start and stop trigger input: separate channels. 
Input impedance: 50 ohms, 
Minimum trigger pulse requirements: 3 V peak, 0.5 V/nsec 

rise time, 5 nsec width. 
Trigger polarity: selectable, positive or negative. 
Reset: automatic, manual, or remote, using rear terminals. 
Standard frequency counted: 100 MHz. 
Output: 4-line BCD 1-2-2-4, “1” state positive; 4-line BCD 

88 x 483 mm).  

1-2-4-8, “1” state positive available as Option 02.; “1” 



528 

FREQUENCY METER 
Wideband, highly linear FM Discriminator 
Model 5210 A/B 

The Model 52 lOA Frequency Meter/FM Discriminator 
directly measures frequency or repetition rate of signals from 
3 Hz to 10 MHz, independent of input voltage waveform. 
A sensitivity control allows for measurement of noisy sig- 
nals. The special log linear scale offers an accuracy of 1% 
of reading from 10% of full scale up, With calibrated off- 
set (option 01) the effective accuracy is up to 0.2% of full 
scale range. 

The 5210A is also a wideband highly linear FM Discrim- 
inator with a 3 dB output bandwidth of better than 1 MHz 
for precise measurements on FM and PM signals. With 
output filters (HP 10531A) frequency deviation, modula- 
tion index, frequency response, distortion, incidental FM, 
and FM noise can be determined as well as "flutter" and 
"wow" to better than 100 dB below carrier frequency. 

The 5210B is particularly well suited for tachometry work 
with calibration directly in r/min. 

Frequency range: 3 Hz to 10 iMHz in six decade ranges from 
100 Hz full scale to 10 hiHz full scale. 

Expanded scale: with a continuously adjustable OFF-SET control, 
meter and recorder output display any 10% of full scale ex- 
panded to full scale. 

Sensitivity: maximum sensitivity of 10 mV rms from 20 Hz to 10 
iMHz increasing to 200 mV at 3 Hz with four attenuator ranges 
of 0.01, 0.1, 1.0 and 10 V. 

Input impedance: 1 MU shunted by 30 pF; used with HP iOOO1A 
10: 1 divider probe 10 Mn shunted by 10 pF. 

Accuracy: 
Discriminator output current: ~ 2 %  of reading below 1 MHz, 

Meter: 1% of reading from 10% of full scale to full scale. 
Expanded scale: 0.1% of full scale for differential frequency 

readings. 
Calibration: crystal calibration oscillator at 100 kHz accurate 

to * O . O l % .  
Line voltage and frequency: changes in line voltage of i: 10% 

and frequency of 50-1000 Hz cause less than 0.05% change 
in output. 

Temperature: frequency reading changes less than 0.02%/'C 
100 Hz to 1 hiHz ranges, 0,04%/'C 10 MHz range from 0 
to +55"C. 

Recorder output: 

Specifications, 5210A 

0.3% of reading on 10 MHz range, 

Level: potentiometer outputs of 10 mV and 100 mV, adjustable 
from 9 mV to 11 mV and 90 mV to 110 mV for full scale; 
galvanometer output 1 mA into 2 kR max for full scale. Ad- 
justable * l o %  for 1 kn to 2 kn loads. 

Linearity: 0.025% of full scale 100 Hz to 100 kHz ranges; 

0.05% of full scale 1 MHz range; 0.1% of full scale to 10 
MHz range. 

Accuracy: same as discriminator output current above. 
Time constant: approximately 100 ms. 

Level: adjustable 0.8 to 1 . 2  V for full scale. 
Linearity: 0.025% of full scale 100 Hz to 100 kHz ranges. 

0.05% of full scale 1 MHz range. 0.1% of full scale 10 
MHz range. 

Discriminator output: 

Bandwidth: 3 dB down at greater than 1 MHz. 
Residual FM noise: rms line frequency components below 300 

Hz are 100 dB below the 1 V full scale output. At other fre- 
quencies the rms noise deviations are at least 120 dB below 
the carrier frequency when the noise is measured in a 6 Hz 
bandwidth. 

Power requirements: 115 or 230 V ac * I O %  50-1000 Hz at 
less than 12 M. 

Dimensions: 7-25/32" wide, 6-3/32" high and 11" deep; (190 
x 155 x 279 mm).  

Weight: net, 8% Ibs ( 4  kg) ;  shipping, 10% Ibs (4,8 kg) .  
Price: HP 5210A $575;0ption 01 add $125; H P  l0531A $175. 

General: the calibrated offset provides for display of any of the 10 
major divisions on a separate full meter scale (the EXPAND 
scale). This allows frequency measurements to be made with 
higher accuracy than is possible using the meter in the NORMAL 
mode. 

Discriminator output: same as above except bandwidth is 3 dB 
down at greater than 750 kHz. 

Accuracy: 0.2% of full scale (range switch setting) for 100 Hz 
to 1 MHz ranges; 0.3% of full scale (range switch setting) for 
the 10 MHz range. 

Temperature: the accuracy specification is increased by O.Ol%/'C 
of reading on the 100 Hz to 1 MHz ranges and O.O3%/"C of 
reading on the 10 MHz range from 0°C to 55°C for deviations 
from 25°C when zero and self-calibration adjustments are made 
at the ambient temperature. 

Option 01, Calibrated Offset 

Price: add $125 to price of 5210UB. 

General: the HP  10531A Accessory Filter Kit provides a series of 
three plug-in low pass filters which can be adjusted to cover fre. 
quencies from 100 Hz to 1 MHz. These filters provide rejection 
of carrier and carrier harmonics while passing modulation com- 
ponents. Thus it is possible to measure demodulated signal com- 
ponents up to 20% of the carrier frequency using the HP 302A 
or 310A Wave Analyzers or similar narrow band voltmeters on 
their most sensitive ranges. By lowering filter cut-off frequency 
or in case of wide deviation signals measurements may be made 
using less selective voltmeters or other instruments. 

Frequency range: the upper cut-off frequency can be adjusted 
from 100 Hz to 1 MHz. The lower cut-off frequency will vary 
up to 10 Hz, depending on load resistance used with the filter. 

Carrier rejection: with the output filter the carrier and its har- 
monics are less than 30 mV rms total when the filter cut-off is less 
than 157' of the carrier frequency and drops to 1.0 mV maximum 
for filter cut-off frequencies less than 5% of the carrier frequency. 

Output impedance: nominal 600 R. However, matched loads are 
not required. 

Output level: zero to full scale deviations give 1 V open circuit 
at discriminator output. 

Price: HP 10531A $175. 

HP 10531A, Filter Kit 

Specifications, 5210B 
Model 5210B frequency meter is identical in construction and 

circuitry to 52lOA but is calibratedin r/min for greater convenience 
in tachometry applications. 
Speed range: 6000; 60,000; 600,000; 6,000,000 (CAL position) 

Maximum resolution: 6 r/min. 
Price: HP 5210B, $570. 

r/min. 
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500 B 

The H P  Model 500B directly measures the frequency of an 
alternating voltage from 3 Hz to 100 kHz. Suitable for labora- 
tory and production measurements of audio and ultrasonic 
frequencies, it also is useful for direct tachometry measure- 
ments with a transducer such as HP 506A or 508A,B,C,D. 

Readings on the 500B and 500c  are not affected by varia- 
tions of input signal level or power line voltage. The meter 
will count sine waves, square waves or pulses and will indi- 
cate the average frequency of random events. Provision is 
made for checking the calibration against power line fre- 
quency and to operate a recorder for a continuous frequency 
record or x-y plot. 

Specifications, 500B 
Frequency range: 3 H t  to 100 k H z ,  9 ranges in 10, 30, 100 se- 

quence. 
Expanded scale: allows any 10% or 30% portion of a selected 

range to be expanded to full meter scale (except 10 Hz range). 
Input voltage: sensitivity: 0.2 V rms minimum for sine waves. 

+ I  V peak minimum for pulses; maximum, 250 V peak; sensi- 
tivity control reduces threshold sensitivity. 

Input impedance: approx. 1 megohm shunted by 40 pF BNC 
connector for input. 

Accuracy: better than 2 2 %  of full scale (unexpanded) ; reading 
affected less than 0.5% by & l o %  variation from nominal line 
voltage; expanded scale *0.75% of range switch setting. 

Output linearity: (relation of input frequency to output current at 
the external meter jack): on 100 kHz range, within approx. 
20 .25% of full-scale value; other ranges, 2 0 . 1 %  of full-scale 
value. 

Recorder output: 1 mA for full-scale deflection into 1400 * lo0  
ohms . 

Pulse output: to trigger stroboscope, etc., in synchronism with 
input signal; to measure FM. 

Photocell input: phone jack on panel provides bias for Type 1P41 
Phototube; allows direct connection of 506A Tachometer Head. 

Power: 115 or 230 volts *IO%, 50 to 1000 Hz, 110 watts. 
Dimensions: cabinet: 7%" wide, 111/2" high, 14%'' deep (191 x 

292 x 368 m m ) ;  rack mount: 19" wide, 7" high, 13" deep 
(483 x 178 x 330 mm).  

Weight: net 17 Ibs (8 kg), shipping 19 Ibs ( 9  kg) (cabinet) ; net 
20 Ibs ( 9  kg), shipping 30 Ibs (14 kg) (rack mount). 

Accessory furnished: lO5OlA Cable. 
Accessories available: 506A Optical Tachometer, $195; 508A, 

B,C,D Tachometer Generators, $125 each; 500B-95~4 Accessory 
Meter for remote indication (operates from recorder jack), $ 5 5 .  

Price: H P  SOOB, 9335 (cabinet); H P  500 BR, $335 (rack mount) 

Specifications, 500C 
Model 500C Frequency Meter is identical in construction 

and circuitry to 500B but is calibrated in rpm for greater 
convenience in tachometry applications. 
Speed range: 180 rpm ( 1 5  rpm with multiplying transducer) to 

Accessory available: 500C-95A Accessory Meter, $55. 
Price: H P  SOOC, $345 (cabinet); H P  SOOCR, $345 (rack mount). 

6,000,000 rpm, 9 ranges. 

506A Optical Tachometer 
Model 506A is a light source and photocell for use as a 

transducer with instruments such as H P  521 Series Electronic 
Counters, H P  500B Electronic Frequency Meter and HP  
500C Electronic Tachometer Indicator, 

Specifications, 506A 
Range for direct reading: 1 to 5000 rps with 521 Series; 3 to 

5000 rps with 500B; 180 to 300,000 rpm with 500c; lower 
speed may be measured by using a multisegment reflector. 

Output voltage: at least 1 V rms, 300 to 100,000 rprn (into 1 
megohm or more impedance) with reflecting and absorbing sur- 
faces 74'' square. 

Light source: 21 candlepower, 6 volts automotive bulb. 
Phototube: Type 1P41. 
Phototube bias: f70 to "90 V dc (supplied by 50OB,C 5 2 1 ) .  
Power: 115 or 230 volts * lO9 ' i ,  50 to 1000 Hz, 2 5  watts. 
Dimensions: 22" high, 11" wide maximum (559 x 279 mm). 
Weight: net 10 Jbs ( 5  kg) ; shipping 17 Ibs (8  kg). 
Accessories available: 56A-16B Adapter Cable (connects 506A 

Price:HP 506A, $195. 
to 522B Counter), 540. 

508 Tachometer Generators 
Models 508A,B,C,D Tachometer Generators are rota- 

tional speed transducers for use with electronic counters or 
frequency meters in making fast, accurate rpm measurements, 
15 to 40,000 rpm. They are specifically designed to operate 
with Hewlett-Packard electronic counters and frequency 
meters. 

Specifications, 508 Series 
Shaft speed range: 508A, 15 to 40,000 rpm; 508B, 30 to 30,000 

Output frequency: 508A, 60 cycles/rev.; 508B, 100 cycles/rev. ; 

Drive shaft: 1/4" diameter, projects 19/32". 
Running torque: approx. 0.15 in-oz; 0.5 in-oz at  1500 rpm. 
Peak starting torque: approximately 4 in-oz. 
Dimensions: 2-7/16" high, 31/2" wide, 3%" deep (62 x 89 x 95 

Weight: net 2 Ibs (1 kg) ; shipping 3 Ibs (1 kg ) ,  
Price: HP 508A,B,C,D, $125 each. 

rpm; 508C, 40 to 25,000 rpm; 508D, 50 to 5000 rpm. 

508C, 120 cgcles/rev; 508D, 360 cycles/rev. 

mm). 
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J532A 

H532A 

Advantages 

5.30-8.20 4 0.033 0.065 2 $315 

7.05-10.0 0.040 1 0.075 2 $325 

High resolution, easy-to-read dial 
Direct reading 
Broadband 
Accuracy specified over 20°C and 0 to 100% relative 

humidity 

M532A 

P532A 

These direct-reading frequency meters allow you to meas- 
ure frequencies from 3.95 to 40 GHz in waveguide and 
from 960 MHz to 12.4 GHz in coax quickly and accurately. 
Their long scale length and numerous calibration marks 
provide a high resolution which is particularly useful when 
measuring frequency differences or small frequency changes. 
Frequency is read directly in GHz so no interpolation or 
charts are required. 

The instruments comprise a special transmission section 
with a high-Q resonant cavity which is tuned by a choke 
plunger. A 1 dB or greater dip in output indicates resonance; 
virtually full power is transmitted off resonance. Tuning is 
by a precision lead screw, spring-loaded to eliminate back- 
lash. Resolution is enhanced by a long, spiral scale calibrated 
in small frequency increments. For example, Model X532B 
has an effective scale length of 77 inches (1956 mm) and 
is calibrated in 5-MHz increments. Resettability is extremely 
good, and all frequency calibrations are visible so you can 
tell at a glance the specific portion of the band you are 
measuring, Except for the J532A, there are no spurious 
modes or resonances. (See note 4 below.) 

10.0-15.0 0.053 0.085 5 $350 

12.4-18.0 0.068 0.10 5 $275 

Specifications, 532A,B, 536A and 537A 

0.17 3 $500 

537A 0.17 $500 

0.065 $400 

K532A5 

R532A 5 

18.0-26.5 0.077 0.11 10 $350 

26.5-40.0 0.083 0.12 10 $400 

I X532B I 8.20-12.4 1 0.050 I 0.08 I 5 I $200 I 

' Includes allowance for 0 to  100% relative humidity, temperature varia- 
t i on  f rom 13 to 33"C, and backlash. 

20.15, 0.96 to  1 GHz. 

'Because of  the  wide frequency range of the J532A, frequencies f rom 
7.6 t o  8.2 GHz can excite the T E l l z  mode when the dial is set between 
5.3 and 5.6 GHz. 

5Circular f lange adapters: K-band (UG-425/U) 11515A, $35 each; R-band 
(UG-381/U) 11516A, $40 each. 

30.22, 0.96 to  I G H ~ .  

/ 

G 532A 

537A 
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FREQUENCY, TIME STANDARDS FREQUENCK TIME STANDARDS 

H e w l e t t - P a c k a r d  offers f requency,  
time standard systems which provide ac- 
c u r a t e  f r e q u e n c i e s ,  t i m e  i n t e r v a l s .  
Further, Hewlett-Packard systems pro- 
vide means for comparing these impor- 
tant quantities against national standards 
such as the U. S. Frequency Standard 
(USFS) . Units of frequency, time can- 
not be kept in a vault for ready refer- 
ence. They must be generated for each 
use, hence must be regularly compared 
against recognized primary standards. 

Frequency,  t ime s t a n d a r d  systems 
manufactured by Hewlett-Packard are 
used for control and calibration at  astro- 
nomical observatories, national centers 
for measurement standards, physical re- 
search laboratories, missile and satellite 
tracking stations, manufacturing plants 
and radio monitoring and transmitting 
stations. System applications include the 
following: distributed standard frequen- 
cies in factories or research facilities 
(“house standards”), control of standard 
frequency, time standard broadcasts, 
synchronization of electronic systems for 
navigation, investigation of radio propa- 
gation phenomena, frequency synthesis, 
control, and adjustment of single side- 
band communications equipment. 

Four performance characteristics are of 
vital interest to users of frequency, time 
measurement equipment and standards: 
accuracy, precision, stability. and relia- 
bility. Hewlett-Packard systems offer 
these four in ample measure, plus one 
more: operational simplicity. Hewlett- 
Packard has devoted the efforts of an 
entire division to the continual improve- 
ment and innovation necessary to keep 
in the forefront of frequency, time 
measurements and standards. 

Cesium beam frequency standard 
Cesium beam standards are in use 

wherever the goal is highest accuracy, 
in fact, the U. S.  Frequency Standard 
itself is of the cesium beam type. The 
cesium beam standard is an atomic reso- 
nance device which provides access to 
one of nature’s invariant frequencies in 
accordance with the relationships of 
quantum mechanics. The cesium stan- 
dard is a true primdry standdrd and re- 
quires no other reference for calibration. 

Atomic frequency standards are based 
on the frequency v corresponding to a 
transition between two atomic states 
separated in energy by AE:  

A E  = h v  

where h is Planck’s Constant. Common 
to atomic standards are means for ( 1 )  

selecting atoms in a certain energy 
state, ( 2 )  enabling long lifetimes in that 
state, ( 3 )  exposing these atoms to (mi- 
crowave) energy, and ( 4 )  detecting the 
results. 

For the cesium beam standard, the 
quantum effects of interest arise in the 
nuclear magnetic hyperfine ground state 
of the atoms. The  transition described as 
(F=4, mr=O)-(F=3, my=O) is 
observed. 

The H P  Model 5060A is a portable 
cesium beam standard proved capable of 
realizing the cesium transition frequency 
to the same levels of accuracy and long- 
term stability usually achieved by large- 
scale laboratory models. 

ThP 5060A operates to keep an ultra 
stable quartz oscillator precisely “on fre- 
quency’’ via servo-control that refers, ul- 
timately, to the center of the atomic re- 
sonance. The output signal is derived 
from the quartz oscillator, the cesium 
beam tube serves as its reference - and 
the two are linked by circuitry that in- 
cludes means to adjust the frequency of 
the quartz oscillator to automatically 
compensate for its aging or drift. 

A simplified sketch of the beam tube 
is shown in Figure 1. 

It is possible to accelerate cesium 
atoms by a force dependent on the ap- 
plied magnetic field gradient together 

other; and those which have made the 
transition in the desired direction are 
selected and directed by a second field 
(“B” magnet) onto a detector. 

Now,  the maximum signal means that 
the maximum number of transitions are 
occurring, which indicates that the in- 
jected microwave energy is of precisely 
the transition frequency. The oscillator 
which is the source of this energy is 
therefore known to be operating at a fre- 
quency directly related to the transition 
frequency. A constant of the atom has 
been made the frequency reference. 

Quartz crystal oscillators 
The  modern era of precision frequency 

control was initiated in the 1920’s when 
the quartz crystal resonator was first 
applied in the construction of frequency, 
time standards. Its use in instruments 
for the generation and measurement of 
precision frequencies is now universal in 
national and industrial laboratories of 
the world. Today, the most exacting uses 
demand atomic resonance control. None- 
theless, quartz crystal oscillators remain 
the workhorses of virtually every fre- 
quency control application. 

In use to control an oscillator, a quartz 
resonator is mounted between conducting 
electrodes, usually thin metallic (gold) 
coatings deposited directly on the crystal 

F i g u r e  1. S c h e m a t i c  of c e s i u m  b e a m  r e s o n a t o r .  

with the atom’s magnetic dipole moment. by evaporation. Mechanical support is 
Thus cesium atoms can be sorted and provided at  places on the crystal chosen 
focused by passing a beam of them to avoid any inhibition of the desired 
through a .magnetic- field having a high 
gradient ( “A”  magnet) .  Atoms in the 
quantum state of interest are directed 
down the beam tube and others are de- 
flected away. These selected atoms then 
drift through a space where the field 
(“C” field) is kept low (typically, about 
50 milligauss) and uniform and are sub- 
jected to microwave radiation corres- 
ponding to just the frequency which 
separates the two energy levels. The 
atoms flop from one energy state to the 

vibration and i f  possible such that un- 
wanted vibration modes are suppressed. 
Advantage is taken of the piezoelectric 
effect that links mechanical vibrations 
and electrical effects in certain crystals. 
An alternating voltage applied across a 
properly cut quartz crystal causes it to 
vibrate at a selected natural frequency. 
This crystal resonator behaves as though 
it were an electrical network and can be 
made to impose its own frequency upon 
an oscillator circuit. 



532 

An inherent characteristic of crystal 
oscillators is that their resonant fre- 
quency changes . (usually increases) as 
they age. This “aging rate” or “drift” 
of a well-behaved oscillator is almost 
constant. After the initial aging period ( a  
few days to a month)  the rate can be 
taken to be constant with but slight 
error. Once the rate is measured, it is 
usually easy to correct data to remove 
its effect. Over a long period, the ac- 
cumulated error drift could amount to a 
serious error. Thus, periodic frequency 
checks are needed to maintain a quartz 
crystal frequency standard. (The  cesium 
beam standard, on the other hand, has 
no known drift. ) 

Hewlett-Packard offers the Model 
106A/B Quartz Oscillator, rated at  5 
parts in 10” per day long-term stability, 
and the ruggedized HP Model 107AR/ 
BR, rated at  5 x 10”’ per day. Such ex- 
ceptional stability (and, substantially 
better performance is attained under nor- 
mal operating conditions) results from 
careful attention to all controllable fac- 
tors such as selection of the highest 
quality crystals, their operation in pre- 
cision temperature controlled ovens, and 
their incorporation into inherently stable 
circuits designed for low power dissipa- 
tion within the crystal. 

Spectal purity 
A frequency standard must provide a 

stable, spectrally pure signal if it is to 
yield a narrow spectrum after multipli- 
cation to the microwave region. Even a 
crude oscillator will have a reasonably 
good spectrum at  the frequency of os- 
cillation. The  spectrum rapidly degrades 
with frequency multiplication, however. 

Hewlett-Packard quartz oscillators are 
designed to  produce just such a signal; 
the HP 106A/B gives spectra only 
slightly degraded even after high multi- 
plication. 

Figure 2 shows a noise spectrum plot 
for the H P  106A/B Quartz Oscillator 
(see H P  Application hTote 52, “Fre- 
quency, Time Standards”, page 5-3 for 
details of this noise measurement), 
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Figure 2. Spectrum of a 5 kHz beat note at 
9.2 GHz; comparison of two HP 106A,B Os- 
ci I lators. 
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Frequency standards and clocks 
Time standards and frequency stan- 

dards have no fundamental differences 
-they are based upon dual aspects of 

/ 

the same phenomenon. The  reciprocal of 
time interval is frequency. Frequency 
measurements are measurements of the 
number of cycles - counted one by one 
-per time interval (second). For pre- 
cision oscillators, a complete statement 
of frequency must include the time scale 
in use, so that the exact length of the 
time interval is specified. 

As a practical matter, to maintain a 
time standard places stringent additional 
requirements upon a frequency standard. 
A clock is a device for counting cycles. 
The time it keeps is a function of its 
driving frequency: in effect, a clock in- 
tegrates frequency. Even a small fre- 
quency error can cause large time errors 
to accumulate, for a clock must measure 
off nearly 100,000 seconds in just one 
day. 

The basis for a modern time standard 
clock is an ultra-stable oscillator, often 
a quartz crystal oscillator. The  low fre- 
quency convenient for clock operation 
must be derived from the high quartz 
frequency (typically, 0.1 MHz to 5 
M H z )  in a way that does not degrade its 
accuracy. This  is accomplished by fail- 
safe regenerative dividers. A local time 
standard, then, comprises [ 1 ) a stable, 
precision oscillator and ( 2 )  a frequency 
divider and clock. 

A cesium beam standard is the ideal 
frequency standard to drive a clock be- 
cause of its unsurpassed long-term sta- 
bility. If a quartz oscillator or other 
secondary standard is used, it must be 
evaluated for rate of drift and be kept 
carefully corrected. 

Most clocks are desired to keep time 
in synchronism with a system master 
clock. Where time of day is concerned, 
this master clock for the United States 
is one which is operated at  the U.  S. 
Naval  Observatory. For accurate time 
keeping, the local system must (1) pro- 
vide a consistent time interval, ( 2 )  be 
initially “set” against master time, and 
( 3 )  be checked periodically to insure 
that the two time scales keep together. 

Easy comparison to master time is 
built into the H P  115BR/CR. Overall 
time comparison accuracy of & 10 micro- 
seconds is possible by use of the time 
reference control, a directly calibrated 
precision resolver. 

Frequency comparison 
by VLF broadcast 

One excellent way to keep a local 
system’s frequency - hence, time inter- 
val - referenced against master time in- 
terval is by use of a low frequency stan- 
dard broadcast such as the National 
Bureau of Standards W W V B ,  60 kHz. 
Prime means for doing this with ease and 
convenience is the H P  117A Comparntor. 
This unit is a complete system in itself. 
The strip chart produced by the 117A 
records minute by minute the results of 

a precision phase comparison (resolu- 
tion, 1 usec) of the local signal against 
the received signal to show frequency 
offset or error of the local standard, and 
over a few hours to a day or more, its 
drift rate. 

Reliable, fail-safe operation 
Hewlett-Packard frequency, time stan- 

dards have many features that  ease main- 
tenance of house frequency standards 
and timekeeping systems to high accu- 
racies. First of all, Hewlett-Packard 
standards have built-in dependability. 
For example, regenerative dividers of the 
non-self-starting type are used in the 
1 lSBR/CR frequency divider and clock; 
the very presence of an output signal is 
a positive indication that divider output 
has not lost time relative to the driving 
signal. The  dividers stop and remain 
stopped upon any interruption of signal 
or of supply power. 

The  H P  106A/B and 107AR/BR 
quartz oscillators have a digital indicator, 
calibrated in parts in 10’’ (10‘” for 
107AR/BR), which greatly facilitates 
making fine corrections to bring the os- 
cillator back to reference frequency, as 
determined by offset measurements made 
against NBS via the 117A Comparator. 

Standhy power supplies 
Minimum down-time, important for 

any system, is vital to a time standard. 
Its worth depends directly on continuity 
of operation. Non-interrupted operation 
is also important to ultra-precise quartz 
oscillators. If a crystal is allowed to cool 
from its operating temperature, upon re- 
newed operation it may assume a frc- 
quency offset and even an altered aging 
rate. 

Hewlett-Packard standby power sup-  
plies ensure continued operation despite 
line interruptions, and operate over a 
range of ac line voltage to supply regu- 
lated dc to operate quartz oscillators and 
frequency dividers and clocks. The  bat- 
teries in the supplies assume the full 
load immediately when ac power fails. 

Alarm systems include local indication 
of operating conditions and provisions 
for remote alarms. 

Variable frequency source 
There is application in many areas 

such as microwave spectroscopy and 
production testing of frequency sensitive 
devices for an instrument having the 
basic stability and spectral purity of a 
precision quartz oscillator, yet offering 
not just a few frequencies but 5 billion 
discrete frequencies. This, over a fre- 
quency range of 0.01 H z  to 50 MHz, is 
the capability of the 5100A/5110A Fre- 
quency Synthesizer; the 5105A/5110B 
provides 0.1 M H z  to 500 MHz.  Other 
synthesizers  cover var ious  f requency  
ranges. 
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Atomic and UT-2 time scales 
The time interval of the atomic time 

scale is the International Second, de- 
fined in October 1964 by the Twelf th  
General Conference of Weights and 
Measures: 

“The  standard to be employed is the 
transition between two hyperfine levels 
F=4, mr=O and F=3, mF=O of the 
fundamental state ’S,,, of the atom of 
cesium-133 undisturbed by external fields 
and the value 9 192 631 770 hertz is as- 
signed.” 

The  Universal Time Scale, UT,,  is re- 
lated to the earth’s rotation and has been 
proceeding at a rate slightly slower than 
that of the atomic scale. Its time inter- 
val - second - is slightly longer. 

U. S. Standard Time, kept by the U.  
S .  Naval  Observatory’s master clock, 
differs from nominal UT,  by an integral 
number of hours. The  time interval 
broadcas t  by N B S  s ta t ions  W W V ,  
W W V H ,  and W W V L  is that of a 
s m o o t h e d  a p p r o x i m a t i o n  t o  U T , .  
W W V B  (60 kHz)  broadcasts the atomic 
second, without offset. 

A time scale which approximates UT,  
can be produced by oscillations offset 
from the atomic frequency in an amount 
proportional to the difference in the in- 
tervals employed. By international agree- 
ment, the amount of this frequency off- 
set is fixed each year by the Bureau In- 
ternational de l’Heure, in Paris: for 1966 
it is -3OOx l O - ’ O .  

Operational complications which arise 
owing to the need for changed offsets 
from year to year are eased considerably 
by design provisions Hewlett-Packard 
makes. For example, the H P  506OA is 
adjustable to a changed offset simply by 
the interchange of an inexpensive quartz 
crystal, and retuning. The H P  117A 
Comparator is adjustable simply by a 
gear ratio change in the translator kit. 

Hewlett-Packard systems anticipate fu-  
ture needs as well. Should the user de- 
sire, he easily can convert his Hewlett- 
Packard system from UT1 to the atomic 
scale, or vice-versa. 

Timekeeping to microsecond 
accuracy 

Studies and systems requiring synchro- 
nized measurements at points widely 
separated in distance increasingly de- 
mand time standards capable of micro- 
second accuracy. Examples are studies of 
the propagation of electromagnetic waves 
and of advanced systems for navigation 
and for aircraft collision avoidance. 

In the 1966 Flying Clock Experiment,* 
Hewlett-Packard demonstrated a system 
of three cesium beam time standards, one 
stationary and two transported by com- 
mercial airlines and automobiles on a 

*Hewlett-Packard Journal 17, 12 August 1966 

Figure 3. 
use of an HP 5245L Electronic Counter (on top  of the clock). 

One of the HP “Flying Clocks” being compared against the HP House Standard by 

50,000 mile journey, that  maintained 
time over an entire month to a mutual 
agreement within one microsecond. 

This is believed to be the first time that 
clocks operated independently of each 
other for a month-no frequency ad- 
justments or time resets were made dur- 
ing the trip - have maintained time to 
such a close agreement. 

Older methods relying on high fre- 
quency radio signals cannot correlate 
widely separated clocks to much better 
than a millisecond. The  use of a portable 
time standard that travels among all the 
clocks of a system to correlate them with 
system master clock has proved to be an 
ideal means to establish time to micro- 
second accuracy. 

Hewlett-Packard offers a portable time 
standard, the E20-5060A, which has 
proved itself capable of microsecond ac- 
curacy and which is easily transported by 
commercial airlines and automobiles. 

Hewlett-Packard time and 
frequency standard 

The H P  House Standard has as its 
basic reference the H P  5060A Cesium 
Beam Standard. Output  is kept contin- 
ually compared in phase with the U. S. 
Frequency Standard (USFS) at Boulder, 
Colorado by reception of NBS standards 

stations W W V B  and W W V L  via H P  
117A Comparators, The standard is also 
compared to two of the U.  S .  Navy’s 
VLF stations. Time is correlated on each 
occasion when the H P  Flying Clocks visit 
U. S .  national timekeeping centers. Fre- 
quency is maintained in agreement with 
USFS to an accuracy within parts in 10’’. 
Studies have shown this standard to rank 
among the world’s most accurate. 

The  output of the house working fre- 
quency standard, a n H P  107AR Quartz 
Oscillator, is distributed throughout the 
Hewlett-Packard plant in Palo Alto, 
wherever precision frequency, time in- 
strumentation is being built and tested. 

Figure 3 shows one of the HP,Flying 
Clocks being compared against the H P  
House Standard just before its round-the- 
world trip. A precision time comparison 
is being made by use of the H P  5245L 
Electronic Counter with a time interval 
plug-in. 

The  measurement is one of totalizing 
pulses during the interval separating the 
one-second ticks generated by the flying 
clock and those generated by the refer- 
ence clock. 
Hewlett-Packard Application Note 52, 
“Frequency, Time Standards”, discusses 
practical aspects of equipment, operation, 
and time scales (100 pages).  

/ 
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Advantages: 
Accuracy of i: 1 part in 1 011 
Circuit-check meters and lights monitor operation 
All solid-state circuits, low power consumption 
Compact-8% inches high, 63 pounds 

The Hewlett-Packard Model 506OA is a compact, self- 
contained primary standard of the atomic beam type, utiliz- 
ing Cesium 133. A new cesium beam tube resonator stabilizes 
the output frequency of a high quality quartz oscillator. 
Solid-state modular design is used throughout, and the 
closed-loop, self-checking control circuit yields exceptional 
accuracy of F 1 x 10-11. 

The cesium beam tubes exhibit frequency perturbations 
so small that independently constructed tubes compare within 
a few parts in 101?. Outstandingly reliable, these tubes have a 
guaranteed life of 10,000 hours. Either atomic or UT-2 time 
scale can be supplied on order. A simple change of one com- 
ponent is all that is required for field conversion of the time 
scale, or for UT-2 offset corrections. 

The quartz crystal oscillator used in the 5060A has su- 
perior characteristics even without control by the atomic 
resonator. The quartz oscillator portion of this cesium beam 
standard is identical to the HP 107AR. Drift rate is less 
than 5 x per 24 hours, and short term stability is better 
than k 1 . 5  x 

The 5060A is compact and portable, no complex perma- 
nent installation is required. The 5060A has achieved out- 
standing reliability in field service. 

for a one-second averaging time, 

Operation 
In the atomic resonator a beam of state selected Cesium 

133 atoms passes through a microwave cavity. When the 

CESIUM BEAM FREQUENCY STANDARD 
Compact primary standard, f 1 x lo-” accuracy 
Model 5060A 

l,l.l..., 

Figure 1 

frequency of the microwave magnetic field is near the hyper- 
fine transition frequency of Cesium 133, it induces transitions 
from one energy level to another. Those atoms which have 
undergone such a transition are then detected by a hot wire 
ionizer and electron multiplier. The microwave field, derived 
from a precision quartz oscillator by frequency multiplica- 
tion and synthesis, is phase modulated at a low audio rate. 
When the microwave frequency deviates from the center of 
the atomic resonance, the current from the electron multiplier 
contains a component alternating at the modulation rate and 
proportional to the frequency deviation. This component is 
then filtered, amplified, and synchronously detected to pro- 
vide a dc voltage proportional to the frequency deviation. 
The integral of this dc voltage is then used to automatically 
tune the quartz oscillator to zero frequency error. 

The control circuit provides continuous monitoring of the 
output signal, Automatic logic circuitry is arranged to present 
an indication of correct operation. Figure 1 shows a simpli- 
fied block diagram of the 5060A operation. 



535 

Max RMS fractional- 
Average frequency deviation 

time ( A f/f) 

Specifications 

Max RMS phase 
deviation 

(milliradians) 

Accuracy:* 2 1  x 10-11. 
Reproducibility:* e5 x 10-l2. 
Long term stability:* & 1  x 10-11. 
Short term stability: rear panel switch selects 1 sec or 60 sec 

loop time constant. 

10 sec 1.5 x 10-11 

TYPICAL RMS FREOUENCY STABILITY 
-THEORETICAL 

OSC. S I N =  83dB 
TUBE SIN= 1000 

FLOP/BGPI 
F, = 550Hr 

v) 10-8 

I MEASURED 95% CONFIDENCE LIMITS 

4.0 G z 2 lo-" 

!! 
10-12 

d 
$ 10-13 

3 LL 

10-14 

103 IO-' 100 io1 io2 io3 10' 105 io6 
T AVERAGING TIME (SECONDS) 

I I 1 I 1 1 I 1 I I 

Warm-up time: hour (time to reach specified accuracy with 
oscillator at  operating temperature),  4 hours (from cold 
s ta r t ) .  

Signal to noise ratio: for 1 and 5 MHz, >83 dB at rated out- 
put ( in  a 30 kHz noise bandwidth; 5 MHz output filter band- 
width is approx. 1 2 5  HzJFor 100 kHz, >60 dB in 30 kHz 
noise bandwidth. 

Harmonic distortion: ( 5  MHz, 1 MHz, and 100 kHz) down 
more than 40 dB from rated output. 

Non-harmonically related output: ( 3  MHz 1 MHz, and 100 
kHz)  down more than 80 dB from rated output. 

Output frequencies: 5 MHz, 1 MHz, 100 kHz sinusoidal, 100 
kHz clock drive. 

Output voltages: 1 V rms into 50 ohms; clock drive suitable for 
Hewlett-Packard Frequency Divider and Clocks. 

Output terminals: 5 MHz, 1 MHz, 100 kHz, front and rear 
B N C  connectors, 100 kHz clock drive, rear BhTC connector. 

Time scale: atomic or UT,  supplied to order. Simple change 
of one component enables field conversion of time scale or 
adjustment of UT, offset changes. 

Cesium beam tube 
Length: 16 &l/ l6" .  
Diameter: approx. 5%' ' .  

Weight: 16 Ibs. 
Line width: J50 Hz ( k 2 0 % ) .  
S/N ratio (voltage): typical, 1000 (*A Hz noise bandwidth) .  
RF power (9192 MHz): 30 microwatts. 
Power input, 2 5 ° C  typical: 6.5 watts. 
Life: 10,000 hours guaranteed (operating), within 2 years of 

receipt of tube. 

Quartz oscillator only 
(with cesium beam tube switched off) 

Aging rate: 2 5  parts in 10'0 per 24 hrs. after 2 1  days con- 
tinuous operation. 

Stability: as a function of ambient temperature, < &1 x 10-10 
x 10-1' for open circuit from 0" to +5O"C; of load, < 

to short and 50 ohms R, L, C load change; of supply voltage, 
< k1 x IO-" for 2 2  to 30 V dc, or for 115/230 V ac, 
& 10%. 

RMS deviation of 5 MHz output (due to noise and frequency 
fluctuations) : 

All data based on at  least 100 samples. Da ta  taken over a 
20-sec interval for 1 msec, 10 msec, and 0.1 sec averaging times, 
over 200- and 2,000-sec intervals respectively, for 1 and 10 sec 
averaging times. Crystal aging rate has been removed. 

Frequency adjustments: fine: 5 parts in los total; 1 part in 
per rev.; 1 part in 10'0 per div at 10 div per rev. Coarse: 

5 x 10-7 ( 2 2 . 5  x 10-7). Coarse and fine controls are screw- 
driver adjustments. 

General specifications 
Environmental: typical stability with respect to temperature is 

< &5 x 10-12, 0 to 50°C. Humidity, 0 to 95%. Typical 
stability with respect to magnetic fields is < t l  x 10-11, 2 
gauss field, any orientation. Production 5060A's have passed 
the stringent shake and vibration test MIL-STD-167, and 
have exceeded the electromagnetic compatibility specification, 
MIL-I-6181D (EMC, also known as RFI) .  

Power: 115 or 230 V ac %lo%, 50 to 1000 Hz or 2 2  to 30 
V dc. Approximately 50 watts operating. 

Dimensions: 16%" wide x 16Y8'' deep x 8%" high (425 x 

Weight: net 63 lbs (28,6 k g ) ;  shipping 105 Ibs (47,8 k g ) .  

Accessories furnished: Rack Mounting Kit 5060-0777, Plug-in 
Board Kit 05060-6117 (extenders and plugs), detachable 
6-ft.  ac Power Cord, connectors 1251-0038 (Cannon MS- 
3106AlOSL-35C) and 1251-0037 (A.P.M. Corp.)  UP1 131M 
( N U P  121M).  

Accessories available: 10520A Time Scale Crystal Accessory 
Kit, $300. Set of 8 crystals for the atomic or UT, interval, 
and U T Z  offsets (-50 to -400) x 1010. Holder to mount 
inside instrument. Single crystal to convert Option 01 to 02 
or vice versa), $40 each. 

Time scales: one must be specified (no cost). Option 01, Atomic 
time scale; Option 02, UT, time scale. 

Price: Model 506OA, $15,500 

416 x 2 2 1  m m ) .  

DEFINITION OF TERMS 

Accuracy: The degree t o  which osci l lator frequency is the same as tha t  of  an 
accepted pr imary standard ( for  example, the U S .  Frequency Standard), or  the 
degree t o  which osci l lator frequency corresponds t o  the accepted def in i t ion,  
present ly tha t  o f  the  12 th  General Conference of  Weights and Measures. 

Reproducibil i ty: The degree t o  which an osci l lator w i l l  produce the same fre- 
quency f rom uni t  to un i t  and from one occasion of  operation to another. 
Included w i th in  th is  def in i t ion i s  the degree t o  which the frequency of  an 
osci l lator can be set by a cal ibrat ion procedure. 

Long Term Stabil ity: Total fractional frequency d r i f t  fo r  the l i fe  of  the  cesium 
beam tube. 
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CESIUM BEAM TIME STANDARD 
Time from portable primary standard 
Model E20-5060A 

Advantages: 
t l  x IO-" Accuracy 
Stabilized time ticks 
Easily converted time scale 
Versatile power supply with standby reserve 
Portable 

The Hewlett-Packard Model E20-506OA Portable Cesium Beam 
Time Standard is a rugged, accurate, and versatile system that will 
transport time and frequency. It consists of an H P  5060A Cesium 
Beam Frequency Standard, an H P  H20-115BR Frequency Divider 
and Clock and an H P  K02-5060A Power Supply all enclosed in a 
cabinet with carrying handles. 

The Hewlett-Packard Model 5060A is a compact, self-contained 
primary standard of the atomic beam type, utilizing cesium 133.  The 
closed-loop, self-checking control circuit combined with the atomic 
resonator and a high quality quartz oscillator yield exceptional accu- 
racy of i. 1 x 10-". The 100 kHz output frequency is translated to a 
1 pps time tick by the H20-115BR. 

The H P  H20-115BR Frequency Divider and Clock uses fail-safe 
regenerative dividers and a gate circuit to provide an essentially 
jitter-free 1 pps time tick for accurate time comparison. The tick may 
be positioned in time by means of a self-contained phase shifter 
which is calibrated in 1 psec increments. Time is indicated in hours. 
minutes, and seconds by an in-line digital readout for ease in reading 
and setting the clock. 

The K02-5060A Power Supply is a special unit designed expressly 
for use in the portable time standard. This versatile power supply 
makes i t  possible to power the time standard from commercial air- 
craft and auto electrical systems, various storage batteries, commer- 
cial power lines, or its own internal nickel-cadmium batteries, 

Similar "Flying Clocks" were used by Hewlett-Packard in n 
time correlation experiment performed in the summer of 1966."' In 
this experiment, two clocks were flown to major timekeeping centers 
in the United States, Western Europe, and Japan. The traveling 
clocks were set to agree in frequency with the HP House Standard 
before their departure. Time closures a month later at the conclusion 
of the 50,000-mile journey showed the three time standards - each 
one based on a 5060A - to hare kept within a relative error of less 
than one microsecond. This corresponds to a frequency offset of n 
few parts in 10" over the entire month. 
*Hewiett-Packard Journal 17, 12 (August 1966). 

Specificat ions 
Accuracy: f l  x 
Stability, long term: &I x lo-".:: 
Outputs: 5 h iHz ,  1 hIHz.  100 kHz .  1 V rms into 500 (5060A) .  

100 kHz.  10 kHz ,  1 kHz,  0 .25  V rms from 12000 source impedance (H20- 
115BR) .  

Time tick: 1 pps, -15 V pulse into 1 k 0 ,  rise time 4 . 5  psec. TTidth >40 psec. 
jitter <0.05 psec. Temperature stability, 0.02 psecz " C  (H20-115BR) .  

Effects of transients: will not gain or  lose time due to: 
1. =300 vol t  step function on 100 k H z  input to H20-11SBR. 
2 .  0 to 50 bolt pulses. 0 to 500 pps. 1 to  10 psec duration on IC0 kHz input 

to H?G-l15BR. 
3.  1 4  volt step in 26 V dc  input. 

Operating temperature: o to  f 5 0 " C .  
Magnetic field: 0 to 2 gauss. 
Power: 6 or 12 V dc -10% I 2 0 5 ;  or 24 to  30 V dc;  or  115 i 1 5  V ac; or 

230 J.30 V ac, 50-400 Hz. 60 watts. batteries not charging; 1 0 P  watts 
maximum. 

Standby capacity: 8 hours a t  25'C. 
Recharging: approximately 2 . 5  hours recharging time at maximum rate for 

each hour  of standby operation. 
Accessories provided: 

Cable: A C  input, H P  05060-91026. 
Cable: AC output, power iuppiy to  5060A. H P  05060-91028. 
Cable: D C  output ,  power supply to 506OA, 103A-16A. 
Cable: D C  output. 5060A to H20-115BR. 113A-16E. 
Cable: Coax. B K C  to BKC,  5060A to 115BR. H P  10503A. 
Cable: D C  input ,  H P  05060-9102:. 
Plug-in Board Kit ,  05060-611:. 
AC Power Cable: 5060A to standard wall outlet. 114B-16A. 

"Total fractional frequency drift for the life of the cesium beam tube 

Dimensions: 19-13/16" wide x 21-13/16'' hlgh x 21-11/16" deep ( S o ;  x 55.1 x 
550 m m ) .  

Weight: net, 215 Ibs. 
Price: $21,600. 

Output voltages: 0 to 280 V rms ac variable. 50 to 400 Hz. 26 =4 V dc. 
Output current: 

AC:  1 . 5  amp maximi-m. 
D C :  2.5 amp per battery, 10 amp  maximum. 

Standby capacity: 12 amp hours a t  25'C. 8 hours standby time at 25'C 
when used in E20-5060A. 

Recharging: 1.6 hours required for each amp hour discharge. Each of four 
batteries h a \ e  independent charging circuits for increased over-all reliability. 

Alarm indicator: ac on.  
Panel meters: ~ o l t m e t e r  and ammeter indicate voltage and current of four 

Power requirements: 

K02-5060A Power Supply 

internal batteries and 5060A with five position dc  check switch. 

6 or 12 V dc  -10% f 2 0 ' 7 i ;  or  24 to  30 V dc ;  or  1 1 5  i l j  V ac;  or 230 
-. + i o  V ac. 50.400 Hz.  P O W E R  switch selects 6 or 12 V dc. 115 o r  230 
1' ac inputs. 

23 to 30 V dc  input on G R  terminal. Can be connected simultaneously with 
zc or other dc power inputs for extra standby reserve. 

Output connectors: 
A C :  CA-3102R-IGSL-3S. 
D C :  MS-3102R-l3S-5S. 

Input connectors: 
6 and 1 2  V d c :  hfS-3102R-15-1lP. 
2 4  tn 30 V dc:  G R  t lpe  connector. 
AC:  h lS -3 lOZR- l4S-~P .  

Battery: four  paralleled, 20 series N - C d  cell, 3.5 amp hour. rechargeable 
batteries that can be individually removed from the circuit without interfer- 
ing with power supply operation. 

Weight: net. 6-  Ibs. 
Specifications 

5060A Cesium beam frequency standard 
See HP 5060A specifications, page 535 
H20-115BR frequency divider and clock 

Pulsed outputs 

Temperature stability: time tick, 0.02 p s e c / c C .  
Time reference: continuously adjustable, calibrated in 1 gsec increments. 

Numerical display from 999.99 ms to 000.00 ms. in-line vernier in 1 ps 
increments. 

Time reference dial linearity: =I psec. 
Specifications listed are unique to  the H20-115BR; see also HP 115BR 

specifications, page 542. 
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STANDBY POWER SUPPLIES 
For Frequency and Time Standards 

Models 5085A, 724BR, 725AR 

Advantages: 
2 amperes at  24 volts 
U p  to  2 1  ampere-hours of standby 
Solid state, modular 

Continued operation 
of primary standards when 
ac line power is interrupted 

Uses: 

The  HP Model 5085A 24- volt 2 ampere power supply keeps 
primary frequency or time standard systems in operation when 
ac line power is interrupted. Specifically designed to deliver 
standby power to the H P  506OA Cesium Beam Standard and 
peripheral equipment, the 5085A will also serve HP Quartz 
Oscillator Frequency Standards and the 115BR/CR Frequency 
Divider and Clock. The  only requirement is that the total cur- 
rent drawn from the supply not exceed 2 amp for any ex- 
tended period of time. 

T h e  frequency and time standard system is not affected dur- 
ing changeover since no switching is used in transferring power 
from line to battery operation and back again. 

Vented nickel-cadmium batteries with an  18 ampere-hour 
guaranteed capacity (derated from 25)  are used in the 5085A. 
They provide about 1 2  hours of standby power for the 5060A 
Cesium Standard ( a t  average ambient temperature of 25OC). 

Front panel lights indicate mode of operation, report fuse 
failure, ac interrupt. 

Specifications, 5085A 
Output voltage: 24 t 2 volts dc at rated current. 
Maximum rated current (total external load) : 2 amperes.* 
Standby capacity: (At 25'C**) 18 ampere hours after 48 hours 

with manually operated CHARGE switch set to CHARGE. 
Alarm indicators: Panel lamps indicate: (1 )  FUSE FAILURE, ( 2 )  

AC POWER, ( 3 )  AC INTERRUPT, (4) CHARGE. 
Remote alarm provisions: SPDT relay contacts provided a t  rear 

terminals for operating remote alarm from separate power system. 
Contacts rated a t  3 amps (resistiye) 115 Vac or 28 Vdc. 

Panel meters: Voltmeter and ammeter indicate battery voltage and 
battery charge/discharge current. 

Power requirements: 115 or 230  * l o %  V a c ;  50 to 1,000 Hz 
(2.0 amps max. at 115 V line). 

Output connectors: MS type female connectors at  rear mate with 
106AR, 107AR, 115CR, 5060A power cables (Cannon Part No. 

Battery (supplied): Vented nickel-cadmium 2 5  ampere-hour rated 
capacity. Periodic maintenance required. 

Additional (external) battery provision: MS3102R14S-2S female 
connector, with cap, at rear. 

Dimensions: 16%" wide, 6-31/32" high, 18%" deep (425 x 
177,2 x 467 mm). 

Weight: lnet, 75 Ibs (34,l kg ) .  shipping, 101 Ibs (45,9 kg) in- 
cluding battery. Option 01 (no batteries) is 50 Ibs (22,8 kg) less. 

Accessories furnished: 
AC Power Line Power Cable, 6 feet long. 
Instrument Extension Slides (for std. 24" deep rack), 

Price: Model 5085A (complete with batteries), $1,250. 
Options: specify Option 01 if batteries are to be excluded. Model 

71468-MS3102R14S-5P, H P  NO. 1251-0111). 

5085A with Option 01 is $820. 

* 2.5 a m p  for  30 minutes. 
**Derate capacity to  75% at high temperature (50°C) and low temperature 

(0°C). 

5085A 

724BR, 725AR Supplies 
Models 724BR and 725AR Standby Power Supplies provide 

standby power (and in certain cases driving power) for Hew-  
lett-Packard frequency and time standard systems. They are 
compatible with H P  Quartz Oscillators 103AR, 104AR, 
106A/B, 107AR/BR and with the 115BR/CR Frequency Di-  
vider and Clocks. 

Since the HP 107AR or lO6A requires the full output, added 
equipment such as the 115BR would require a second power 
supply; for such combinations, the HP Model 508SA would be 
a better choice. 

Specifications, 724BR, 725AR 
Output voltage: 24 V, + I ,  -2 Vdc. 
Rated current (total external load): 500 mA. 
Short circuit protection: prevents damage from momentary short 

circuits (e.g., when connecting loads) and from overloads of up 
to twice rated output; continuous overload reduces instrument's 
life expectancy. 

Alarm indicators: panel lamps indicate operating voltage as ( 1 )  
ac line or ( 2 )  battery; additional lamps indicate ac line fuse 
failure (remote alarm provision is included). 

Panel meters: voltmeter and ammeter indicate battery voltage and 
battery charge/discharge current. 

Power: 115 or 230 Vac & I O % ,  50 to 1000 Hz. 
Battery supplied: 724BR: 2 5  ampere-hour vented nickel-cadmium ; 

725AR: 2 ampere-hour sealed nickel-cadmium. 
Output connectors: MS type female connectors at rear mate with 

106A,B, 107AR,BR, 11SBR or l l5CR connectors. 
Accessory furnished: power cable, 54  in. long (1372 m m ) ,  with 

NEMA line plug and MS3106AIOSL-3S plug for rear-chassis 
power connector. 

External battery provision: &IS3 10214s-2s female connector a t  
rear. 

Dimensions: 724BR: 19" wide, 7" high, 14%" deep behind panel 
(483 x 177 x 361 mm) ;  725AR: 19" wide, 31/2" high, 12%'' 
deep behind panel and allowing for connectors (483 x 89 x 323 
mm).  

Weight: 724BR: net 75 Ibs (34 kg),  shipping 101 Ibs (45,7 kg) ,  
including battery; 725AR: net 27 Ibs (12,2 kg),  shipping 34 Ibs 
( 15,4 kg),  including battery. 

Price: 724BR with 2 5  amp-hr vented Ni-Cd battery, $950; 725AR 
with 2 amp-hr sealed Ni-Cd battery, $645. 

Option 01: 724BR without battery, $600. 
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QUARTZ OSCILLATORS 
State-of-the-Art frequency stability 

Advantages: 
High Spectral Purity 
Solid-state Reliability 

Uses : 
In-house frequency and time standards 
Microwave spectroscopy 
Comparisons with atomic standards 
Advanced navigation, communication systems 

Models 106A,B and 107AR,BR Quartz Oscillators pro- 
vide state-of-the-art application in precision frequency and 
time standard systems because of their excellent long- and 
short-term stability characteristics, spectrally pure outputs, 
unexcelled reliability and ability to operate under a wide 
range of environmental conditions. 

Models 107AR,BR are rugged, hermetically sealed oscil- 
lators, employing 5 MHz quartz crystal resonators. The 107 
has been designed and tested to meet the stringent shock 
and vibration requirements of MIL-E-16400E. The oscil- 
lators are totally impervious to moisture and will remain 
stable within 

The heart of the l06A,B is an extremely stable 2.5 MHz 
part in 101O between o°C and 5OOC. 

Models 106A, B and 107AR, BR Plus 100E, l O l A  Oscillators 

stability of 2 5  parts in per day (24 hours) and ex- 
cellent short-term stability over a wide range of environ- 
mental conditions. 

Models lO6A and €3 are identical in every respect except 
for their power requirements. The io6B operates from 11 5 
or 230 volts ac line or from an external dc power supply HP 
724BR or 5085A recommended) and contains an emergency 
standby power supply capable of sustaining operation for 
8 hours. The io6A requires an external supply voltage of 
22 to 30 V dc, such as the HP 724BR, 725AR, or 5085A. 

l O O E ,  101 A Quaitz Oscihtovs-These instruments are 
T’ery stable oscillators for applications requiring something 
less than the stability provided by highly sophisticated fre- 
quency standards such as the 106A,B or the 107AR,BR. 
The 1ooE has short-term stability of 3 parts in lo8 and is 
ideal for test, production and lab use. Output frequencies 
are 10 Hz, 100 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz 
sinusoidal and 10 Hz, 100 Hz, 1 kHz, 10 kHz pulse. Out- 
put pips from the timing comb are at 100, 1000 and 10,000 
p e c  intervals. Price: H P  100E, $1 100 (cabinet) ; H P  100ER, 
$1100 (rack mount), The HP lOlA One MHz Oscillator is 
designed as a time base for the H P  5275 Time Interval 
Counter. Stabilitv is 5 Darts in 108 per week, Price: H P  

quartz crystal. The 106 .is distinguished ‘by its long-term 101 A, $600 (caiinet w:th rack hardw’are) , 

. 
- __ . _.-- 

107AR 

.& 106B 
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107AR,BR 

Specifications 

106A,B Models 

<+5 x 10-10 per 24 hrs 

<+ 1 x 10-10 from 0" to +50"C 

Output frequencies 

Output voltages 

Stability 
(long t er m) 

<j=5 x 10-11 per 24 hrs 

<j= 1 x 10-10 from 0" to +40"C 
As a function 
of ambient 
temperature 

As a function 
of humidity 

As a function 
of load 

5 parts i n  108 total; 1 part in  109 per rev; 1 part in  1010 per 
division at 10 divisions per revolution 

1 part in  106 (*0.5 x 10-6) 

~~ 

As a function 

voltage 
of supply 

2 parts in  108 total; 1 part in  1010 per rev; 1 part i n  1011 per 
division at 10 divisions per revolution 

5 parts i n  107 (h2.5 x 10-7) 

~~ 

As a function 
of line voltage 

-65°C to +85"C (mfr. specifies -40°C to + 5 0 T  l imit for 
107BR battery storage) 
0°C to +50°C 

instrument is hermetically sealed, will operate under water with- 
out degradation of performance 

RMS deviation 
of 5 MHz (short- 
term stability) 

-40°C to +75"C (mfr. specifies -40°C to +50"C l imit for 
1066 battery storage) 
0°C to +40°C 

Noise-to-signal 
ratio (5 MHz) 

Harmonic dis- 
tortion (5 MHz, 
1 MHz, and 100 kHz) 

Non-harmonically 
related output (5 MHz, 
1 MHz, and 100 kHz) 

107AR: net 20 Ibs (9, kg), shipping 38 Ibs (17 kg); 107BR: net 
35 Ibs (16 kg), shipping 53 Ibs (24 kg) 

Output terminals 

106A: net 25 Ibs (11,3 kg), shipping 33 Ibs (15 kg); 1066: 
net 39 Ibs (17.6 kg), shipping 47 Ibs (21.3kg) 

Frequency 
adjustments 

Fine adjustment 

107AR: 22 to 30 V dc, approx. 12 w operating, 15 w during 
warm-up; 107BR: 115 or 230 V ac *,lo%, 50 to 1000 Hz,approx. 
25 w operating wi th battery on trickle charge (30 w on fast 
charge), 33 w during warm-up (38 w on fast charge) 

HP 107AR, $2400 
HP 107BR, $2750 

Coarse 
adjustment 

106A: 22 to 30V dc, negative ground, approx.8 w operating, 13 w 
during warm-up; 106B: 115 or 230 V ac ,*lo%, 50 to 1000 
Hz, negative ground approx. 17 w operating with battery on 
trickle charge (27 w on fast charge), 33 w during warm-up (43 
w on fast charge) 

HP 106A, $3450 
HP 1066, $3900 

Environmental 
Storage 
temperature 
Operating 
temperature 
Humidity 

Vibration 
and shock 

Weight 

Dimensions 
Height 
Width 
Depth 

Power 

Price 

5 MHz, 1 MHz, 100 kHz sinusoidal; 100 kHz clock drive 

~~ 

instruments are hermetically sealed basic oscillators are sealed 

<j=2 x 10-11 for any resistive load change 

~~ ~ 

(107AR) <+5 x 10-11 for 22 to 30 V dc (106A) <*3  x 10-11 for 22 to 30 V dc 

(107BR) <*l x 10-11 for 10% change from 115 or 230 V ac I (106B) <il x 10-11 for * l o %  change from 115 or 230 V ac 

averaging time max. rms fractional-frequency max. rms phase deviation 
deviation (A f/f) (milliradians) 

1 msec 8 x 10-10 0.03 
10 msec 1.5 x 10-10 0.04 
0.1 sec 1.5 x 10-11 0.04 
1 sec 1.5 x 10-11 0.4 
10 sec 1.5 x 10-11 4 

at least 87 dB below rated5MHz 0utput;output filter bandwidth is approximately 125 Hz 

down more than 40 dB from rated output 

down more than 80 dB from rated output 

5 MHz, I MHz, 100 kHz, front and rear BNC connectors; 100 kHz clock drive, rear BNC connector 

completely passes vibration and shock requirements of 
MIL-E-16400E 

5-7/32" (133 mm) 
19" (483 mm) 
16%" (416 mm) 

6-31/32" (177 mm) 
16% " (425 mm) 
16%'' (416 mm) 
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Advantages: 
Plots minute-by-minute phase record 
Provides all equipment needed for frequency comparison 
Offers one microsecond resolution 
Makes available 100 kHz phase-locked output 

Uses: 
Offset and drift determinations for crystal oscillators 
Quick and easy checks of counter time-base accuracy 
Monitors atomic standards against USFS 

The H P  117A VLF Comparator measures the frequency off- 
set of a local standard frequency source against a radio signal 
based on the U.S. Frequency Standard to an accuracy that can 
reach a few parts in 1011 in a 24-hour period. The H P  117A 
thus provides a link between house frequency standards and the 
Boulder, Colorado laboratories of the National Bureau of 
Standards ( N B S )  via station W W V B ,  which broadcasts at 
60 kHz on a continuous basis. 

The strip chart produced by the H P  117A records minute by 
minute the results of a precision phase comparison of the local 
signal against the received signal to show frequency offset or 
error of the local standard, and over a few hours to a day or 
more, its drift rate. 

Local precision frequency sources such as quartz crystal 
oscillators that drive clocks or synthesizers or that serve as 
counter time bases can be quickly compared in frequency for 
purposes of calibration or can be monitored over as long a time 
as desired to determine their behavior and to measure long- 
term drift rate. 

Method of Operation 
The VLF Comparator is a complete system (exclusive of 

local standard) which consists in one package of a receiver, 
an electronic servo-controlled oscillator which functions as a 
narrow band tracking filter, a linear phase comparator, and a 
strip chart recorder. The servo loop and phase-locked oscillator 
provide a coritinuous output signal despite noise and interfer- 
ing signals. A front panel meter can be switched to show rela- 
tive signal level, phase lock with W W V B ,  or phase comparison. 
Output  terminals on the rear provide for the connection of 
external galvanometer and potentiometer recordings if desired. 
A loop antenna with built-in preamplifier and 30 meters of 
lead-in cable is included. 

The recorded trace is easily evaluated directly in terms of 

/ 

frequency offset with a transparent template supplied with 
the instrument. Chart  speed is 1 inch per hour and full-scale 
chart width may be set for either 50 p e c  or 16-2/3 p e c  by 
operation of a front panel switch. The readability of the trace 
and the overall stability of the comparator easily provide a 
resolution of better than 1 p e c  under normally encountered 
laboratory conditions. 

NBS Standard Broadcast WWVB 
The W W V B  60 kHz signal reaches a primary service area 

that includes the entire continental United States. N B S  con- 
trols the broadcast frequency to within f 2  x 10-11 of its in- 
tended value. NBS publishes monthly, in Proceedings of t h e  
ZEEE, frequency correction data relative to W W V B  and also 
to the other standard broadcasts, which are W W V  and 
W W V H  (high frequency) and W W V L  (20 k H z ) .  

W W V B  is referenced to the U.S. Frequency Standard and 
its frequency is n o t  offset. W W V B  seconds pulses are those 
of the time scale NBS-A, for which time interval is the inter- 
national (atomic) second. (Frequency of the other NBS serv- 
ices is offset by an amount coordinated through the Bureau 
International de 1'Heure: for 1966, offset is -300 x 10-10. 
Purpose of the offset is to make the second of time interval 
correspond closely to that of UT-2, the time scale in ordinary 
use.) 

Accuracy of the HP 117A approaches that of the broadcast 
signal itself. The H P  117A takes advantage of the phase-stable 
nature of the lower frequencies to make possible quick com- 
parisons to accuracies far exceeding those achieved by use of 
the older high frequency services. In the continental U.S., fre- 
quency standard comparisons to an accuracy of a part in 10'0 
can be approached in an 8-hr. period. A 24-hr. period may give 
2 parts in 1011, and a 30-day period may give accuracies of parts 
in 1012. The local standard being calibrated must, of course, 
be of a quality commensurate with the realization of such high 
accuracies. 

Template 
A transparent template, overlayed on the H P  117A's strip 

chart recording, enables the operator to read at a glance the fre- 
quency offset of his local standard. The template curve most 
nearly matching the chart 's trace is selected, then offset is read 
directly, together with its sign. The sign indicates whether local 
frequency lies above or below reference frequency. 
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Atomic and UT-2 Time Scales 
Many users prefer to maintain their local frequency standard 

referenced to the interval of UT-2, the time scale in ordinary 
use, rather than to NBS-A (these two scales are explained at  
the beginning of the "Frequency and Time Standards" section). 
Use of a translator kit adapts the 117A for UT-2  service. 
Hewlett-Parkard offers two translators: 

The  00117-91027 Translator Kit installs in the 117A. A 
power-line-driven synchronous motor and gear train rotate a 
phase shifter to continuously retard the phase of the W W V B  
signal, thereby decrease the frequency. Power-line frequency 
changes of 0.1% cause translation errors of only about 1.5 
x 10-11. Most lines average much less than 0.1% frequency 
deviation over extended periods. 

The  K10-117A Translator is a separate instrument for use 
external to the 117A. It also uses a motor-driven phase shifter. 
I t  shifts the frequency of, and derives its time base from, the 
external 100 kHz (1 M H t ,  optional) source being compared 
with W W V B ,  and is unaffected by line frequency. The  direc- 
tion of translation can be changed. 

In both translators, the correct gear ratio is supplied for co- 
ordinated frequency offset in effect at time of purchase. Differ- 
ent gear ratios will be available a t  a nominal charge to change 
the translation ratio when the offset is changed. The  117A is 
available with the 00117-91027 translator installed (see Speci- 
fications). 

Antenna 
The loop antenna supplied with the 117A contains a pre- 

amplifier which allows a t  least 300 meters of cable (30.5 
meters supplied) between antenna and receiver. The  cable's 
center conductor carries power to the preamplifier. 

Antenna location and orientation are important. For best 
signal pick-up it should be mounted on the roof (it is sealed 
against the weather) and oriented with the plane of the loop 
aligned with signal direction. 

Add it ional In format ion 
A complete discussion of the use of lower frequency broad- 

casts in frequency standardization is included in Hewlett- 
Packard Application Note 52, "Frequency and Time Stand- 
ards." 

Phase Comparison Record 
T h e  slope of the trace plotted by the 117A's strip chart re- 

corder is, a t  a given instant, frequency offset between the local 
standard and the received signal. This slope may be read at a 
glance with the transparent template supplied with the instru- 
ment. T w o  offset readings separated by a span of time usually 
chosen to be one day  give all data needed to allow a determina- 
tion of the drift rate of the local standard (drift rate is given 
by the difference in offset over a specified elapsed t ime) .  

Greatest accuracy results when the user selects the times 
lie makes observations to fall in a period when propagation 
conditions are stable, as revealed by the nature of the trace. 
VLF signals are normally highly stable when the entire propa- 
gation path is in sunlight. Near  sunrise and sunset, the diurnal 
shift makes an apparent change in the offset. 

Any VLF Comparator is but one element of the system 
which the user must consider: ( 1 )  transmitted signal, ( 2 )  
transmission path, (3)  VLF comparator, and ( 4 )  local stand- 
ard. Since the first two elements are not under the user's con- 
trol, he must make his observations in accordance with reception 
conditions. While  VLF signals are noted for their stability, 
variations in propagation conditions do  exist and must be taken 
into account. 

European Service from MSF Rugby 
The 60 kHz broadcast from MSF Rugby, which was ex- 

tended to provide 2 1  hour service in the summer of 19G6, has 
been successfully monitored with a standard 117A unit a t  
Geneva. MSF is operated by England's National Physical Lab- 
oratory. 

Received signal strength was entirely satisfactory and indi. 
cates a good possibility that  the MSF service can be received 
throughout Western Europe. 

Specifications, 117A 
Received standard frequency: 60 kHz, NBS station WWVB. 
Sensitivity: 1pV into 500 
Local standard input: 100 kHz, 1V r im into 1OOOn (divider to 

100 kHz phase-locked output: 5V rectangular positive pulses into 

60 kHz test output: self-checks the 117A. 
Recorder outputs: phase comparison and relative signal strength: 

Overall phase stability: t 1 gsec 0-50°C. 
Chart speed: 1 in/hr ( 6  or 1 2  inJhr available). 
Chart width: 50 ,psec or 16-2/3 psec (selected by front panel switch), 
Meter readings: three switch positions: ( 1 )  relative signal level; 

( 2 )  phase comparison calibrated scales 0-50 psec, 0-16 2/3 Psec 
full  scale; ( 3 )  phase-lock range indicated insures negligible 
phase error. 

Adjustments: a front panel control adjusts free-running frequency 
of voltage-controlled oscillator; three rear panel adjustments pro- 
vide calibration of phase comparison, full-scale adjustment for in- 
ternal recorder, internal meter. and external galvanometer re- 
corder. 

accept 1 MHz at extra cost). 

50000. 

0-1 mA dc into 14000 and 0.100 mV dc from 20000. 

Storage temperature: -50"  to +75"C. 
Operating temperature: 0 to 50°C. 
Dimensions: 16%" wide, 3-15/32" high, 131/4'' deep (425 x 88 

Weight: 117A: net 20 lbs (9,1 kg) ,  shipping 2 2  lbs (10 kg) ; an- 

Power: 115 or 230 V * l o %  60 cycles, 40 watts. 

x 337 mm). 

tenna: net 12.5 lbs (5 ,7  kg),  shipping 2 1  lbs (9,5 kg) .  

Accessories (included) 
10509A loop antenna: antenna has electrical height of 1.6 inm, is 

43 in. (109 cm) diameter and mounts on 1-in. pipe thread. Op- 
erating temperature: -60" to +80°C. Also available separately 
(for use onlywith HP 117A), $280. 

10512A Coaxial lead-in cable: 50 R BNC-BNC connectors 100 
feet (30,5 i n )  long. Also available separately, $30 

Accessories (not included with 117A): 
Time scale translators: 

/ 
00117-91027 translator kit, $300. 
K10-117A translator, $800. 

9281-0081 recorder chart paper: box of six 30-ft rolls, $12.50. 
Prices: 117A including 10509A antenna/pre-amp and 10512A lead- 

in cable, $1,300. 
H21-117A: is model 117A with 0117-91027 translator installed, 
$1,575. 
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115BR 

z 

FREQUENCY DIVIDER, CLOCKS 

Characteristic 

Time comparison capability to 10 psec 
Models 115BR, 115CR 

Positive Negative Auxiliary Positive** 
tick tick Dulse* 1 kHz uios 

Advantages: 
Generates precise t ime signals 
In-line digital readout 
Compatible with atomic or quartz frequency standards 
Suitable fo r  mobile applications 

Frequency and t ime standard systems 
T i m e  comparisons against broadcast time signals 

T h e  HP 11 5BR and 11 5CR Frequency Divider and Clocks 
generate precise time signals, offer the convenience of digital 
readout, and provide features which make possible highly 
accurate comparisons against national time standards. De-  
tailed records of oscillator dr i f t  rates and of time and fre- 
quency differences can be obtained. 

T i m e  readout is an  in-line digital display o f  hours, min- 
utes and  seconds. A n  additional drum allows an operator to 
resolve t ime visually to 0 . 1  sec or by stroboscopic methods 
to  0 .01 sec. 

Overall time comparison accuracy is &IO psec and the 
divided outputs are  virtually free f rom jitter. T h e  t ime ref- 
erence control is a precision resolver and the unique optical 
gate system cannot contribute jitter, 

Hewlett-Packard Application N o t e  52 explains in detail 
h o w  a time comparison, system, set up  to  use precise time 
signals f rom WWV or another standard broadcast, can yield 
timekeeping accuracy to  within a millisecond and enable 
studies of oscillator frequency dr i f t  rate and error,  For micro- 
second accuracy a portable master clock is an  ideal means for 
establishing this reference. 

Success of time comparisons, typically made  over periods 
of weeks or months,  depends upon continuous operation. 
Premium electrical and mechanical components used in the 
11 5BR/CR insure maximum reliability. T h e  non-self-start- 
i ng  regenerative dividers avoid noise and spurious signal 
problems. 

Driving standard 
T h e  115BR/CR input  frequency is 100  kHz. Recom- 

mended driving standards include the HP 106A/B,  
1 0 7 A R / B R  Quartz Oscillators and the H P  5060A Cesium 
Beam Standard. 

BCD time signals 
By the addition of a T i m e  Encoder, the 115BR/CR pro-  

vides B C D  time-of-day signals in addition to the standard 
output  frequencies and visual time display, 

Specifications, 115BR,CR 

Uses: 

Input frequency: 100 kHz for ordinary time, input bandwidth 

Input voltage: 0.5 to 5 V rms. 
Pulse outputs: (see chart). 
Accuracy: same as input frequency. 
Input impedance: 300 ohms nominal. 
Auxiliary output: (115BR only): amplitude, 0.25 V rms minimum; 

source impedance, approx. 1200 ohms; frequency, 100, 10 and 
1 kHz (60 Hz on special order). 

Time reference: continuously adjustable, calibrated in 10 psec 
increments; numerical display from 999.9 msec to 000.0 msec. 
in.line vernier in 10 psec increments. 

i 300 Hz; 100.3 kHz for sidereal time, on special order. 

/ 

Pulse rate 
amplitude 

open ckt ,  
+2 V min. 

into 50 ohms 

min. min. 

Rise time 
Duration 
Jitter 

max. max. max. max. 

*Standard fo r  115BR, available fo r  115CR. 
**Negative pulses available on special order. 

* * *For  any load impedance higher than minimum recommended. 

Monitor meter: (115BR only), checks supply voltage, divider op- 
peration (100 kHz, 10 kHz, 1 kHz) and total clock current. 

Power: 22 to 30 Vdc, negative ground for operating with 106A,B 
or 107AR,BR(may be selected by a switch),approximately 2.5W, 
recommended supply, 724BR or 725AR (positile ground). 

l l5BR only: The 115BR Frequency Divider and Clock has been 
prototype-tested to pass the following military environmental 
specifications. 
1. Temperature: MIL-E-l6400C, Class 4, Paragraph 4.6.7. 

2. Humidity: MIL-E-16400C, Paragraph 4.6.8. 
3. Vibration: hIIL-E-16400C, Paragraph 4.6.14. 
4. Inclination: hiIL-E-l6400C, Paragraph 4.6.14. 
5 .  Shock MIL-E-16400C, Paragraph 4.6.14. 

The 115BR is an airtight and watertight instrument. 
Dimensions: 115BR: 19“ wide, 5%‘’ high, 1 2 ”  deep behind panel 

(483 x 133 x 356 mm) ;  115CR: 19’’ wide, 3%” high, 12” deep 
behind panel (483 x 89 x 305 mm).  

Weight: 115BR: net 35 Ibs (15,s kg) ,  shipping 51  Ibs (23,O kg) ;  
115CR: net 15 Ibs (6 ,s  kg), shipping 25 Ibs (11,O kg).  

Accessories furnished: 113A-16E Cable, 6 feet long (1830 mm),  
connects 115BR or 115CR to 724BR, 725AR, or 5085A standby 
power supply. 

Price: H P  115BR, $2750; HP 115CR, $1500. 
These environmental specifications apply to  the 115BR without the optional 
t ime encoders. For complete informat ion regarding the abi l i ty  of  the 115BR 
(and t ime encoders) t o  pass mi l i tary specifications, wr i te Hewlett.Packard. 

Environmental tests:* 

(Nonoperating test limits: -40°C to -60°C.) 
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Model 
No. 

FREQUENCY SYNTHESIZERS FREQUENC l TIME STANDARDS 

Minimum 
Ranne Steo 

5110B 

All of the Hewlett-Packard Synthesiz- 
ers offer digital selection from a push- 
button keyboard or by remote switch 
closure, and in addition, a search oscilla- 
tor for continuously variable frequency 
selection. All derive their output fre- 
quency by the direct synthesis technique, 
one capable of translating the stability 
and spectral purity of the source to the 
selected output. All have a self-contained 
1 M H z  source, a precision quartz oscilla- 
tor of excellent stability, and all can use 
in its place an external 1 MHz or 5 MHz 
standard. 

Direct vs. indirect synthesis 
T w o  basic approaches to frequency 

synthesis are “direct” and “indirect”. Di -  
rect synthesis simply performs a series of 
arithmetic operations on the signal from 
the frequency standard to achieve the de- 
sired output frequency. In indirect syn- 
thesis ,  a master oscillator is p h a s e  

locked to signals derived from the 
standard. 

The direct synthesis approach has the 
pronounced advantages of permitting fine 
resolution, fast switching, and a spec- 
trally pure output signal. Also, direct 
synthesis is fail-safe. A system using in- 
direct synthesis will provide an erroneous 
signal when a failure not suspected by 
the operator causes the variable fre- 
quency oscillator to become unlocked or 
to lock to the wrong frequency. 

The synthesis operation 
The 5100A/5110A and the 5105AJ 

511OB synthesizers are made up of two 
completely solid-state units: the synthe- 
sizer proper, and the driver. 

T h e  dr iver  conta ins  a f requency 
source, a spectrum generator, and ap- 
propriate selective networks. The source 
is a high quality crystal oscillator housed 
in an oven. It is well protected from line 
voltage variations, and has an aging rate 
of less than 3 parts in 10’ per day. A 
crystal filter at the oscillator output 
limits the noise bandwidth to about 150 
Hz. 

The spectrum generator is a step- 
recovery diode. Active filtering, synchro- 
nously tuned transistor stages and fre- 
quency dividers provide a series of fixed 
frequencies between 3 and 39 MHz 
which are fed to the synthesizer unit. 

The synthesizer unit contains harmonic 
generators and suitable mixers, dividers, 
and amplifiers to derive the desired out- 
put  frequency as a function of the fixed 
frequencies. The front-panel pushbuttons 
actuate a diode switching matrix. All 
frequencies appearing at the inputs to 
this matrix are always present. This is 
one of the key advantages of the direct 
synthesis method. The limitations on 
switching speed are just the time con- 
stants on the filtering circuits in the sup- 
ply line to the switch and circuit band- 
widths. 

High-speed switching 
The oscillogram of Figure 1 shows the 

speed which is typical of Hewlett- 

F i g u r e  1. S w i t c h i n g  speed,  M o d e l  5103A: 1.2 
M H z  t o  2.7 MHz ,  3 0  k H z  s w i t c h i n g  ra te .  5  
I s e c / c m ,  10 M H z  Range .  

F i g u r e  2. S t a b i l i t y  m o n i t o r i n g  e q u i p m e n t .  

Packard synthesizers when they change 
output frequency under electronic com- 
mand. The upper waveform is synthe- 
sizer output; the lower is the externally 
applied switching voltage. Note the vir- 
tual absence of dead time and switching 
transients. 

Signal purity 
Two of the central design objectives 

for the Hewlett-Packard synthesizers 
were ( 1 )  virtual elimination of non- 
harmonically related spurious signals and 
( 2 )  the reduction of noise to as low a 
level as possible. Noise appears as a 
small, random phase modulation which 
adversely affects the short-term stability 
of a signal. 

Performance of the Model 5100AJ 
51 1oA is typical of Hewlett-Packard syn- 
thesizers and attests to the attainment of 
these objectives: non-harmonically re- 
lated signals are at least 90 dB below 
the selected frequency, and signal to 
phase noise ratio is greater than 54 dB 
(in a 30 kHz noise bandwidth centered 
on the signal, with a 1 Hz central band 
excluded). 

At Hewlett-Packard, a considerable 
number of engineering years have been 
spent on problems of frequency stability 
and its measurement. Routine production 
line tests are made on frequency stability 
with use of specially designed equipment 
of a sophistication not often found even 
in frequency measurement research lab. 
oratories. Figure 2 shows a multi-channel 
short-term frequency stability monitor 
used to check each Hewlett-Packard syn- 
thesizer driver. This equipment monitors 
both rms and peak phase noise of all the 
driver outputs at  the same time and 
shows an alarm light if any one of the 
set limits is exceeded. 
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FREQUENCY SYNTHESIZER 
0.1 to 500 MHz in 0.1 Hz increments 
Model: 5105A - 5110B 

Advantages: 

Frequencies from 0.1 MHz to 500 MHz 
Push-button selection in 0.1 increments, plus 
Search oscillator 
Remote programming 
Switching speed typically 20 psec 
Spurious 70 dB down 
All solid state. modular construction 

Uses: 

Offers new levels of spectral purity and stability for 
such applications as : 

Accurate doppler measurements 
Microwave spectroscopy 

Automatic testing of frequency-sensitive devices 
Communications systems 

Narrow-band telemetry 

The Model 5105A Frequency Synthesizer, a new member 
of the Hewlett-Packard group of synthesizers, extends fre- 
quency synthesis capability to 500 MHz. The 5 l05A provides 
push-button or remote selection of any frequency from 0.1 to 
500 MHz in steps as small as 0.1 Hz. The 5105A shares with 
the other Hewlett-Packard synthesizers the utilization of 
direct synthesis. This technique translates the stability and 
spectral purity of the source to the selected output, and in 
addition, provides a fail-safe output. The 51  10B Synthesizer 
Driver described on page 548 supplies the 22  fixed fre- 
quencies required as input to the 5105A. The 5110B is 
capable of driving upto four 5105A Synthesizers. Source for 
the frequencies is a precision 1 MHz quartz oscillator of 
excellent stability. If desired for special applications, an ex- 
ternal 1 MHz or 5 MHz frequency standard can be used 
instead. These features, plus additional ones to be desired, 
establish the 5105A-5110B as a precision variable frequency 
standard which brings a new capability to the frequency 
range 0.1 to 500 MHz. 

Phase modulation 

A phase modulation input is a useful new feature incor- 
porated in the 5105A. This input (rear panel) allows phase 
modulation of any output frequency at a maximum deviation 
of 3 radians with a deviation rate up to 1 MHz. For those 
applications requiring frequency modulation, a simple in- 
tegrator network could be placed in series with this input 
to convert the phase modulator to an FM modulator. 

Continuous Tuning, Sweep, FM 
A search oscillator provides continuously variable fre- 

quency selection over the range of any one column except 
the tens and hundreds of megahertz columns (the left- 
hand two). Operation of a front-panel control manually 
tunes the search oscillator over the complete frequency range 
of the selected digit, that is, over incremental ranges from 
1.0 Hz through 10 MHz. One of the advantages afforded by 

/ 

continuous control is the easy identification of an unknown 
frequency by beating it against the synthesizer output. 

The search oscillator also may be controlled by applica- 
tion of a dc voltage (-1 to -11 volts, linearity . t 5 % )  
which enables remote operation and gives sweep capability. 

The search oscillator can be frequency modulated from 
an external source (sinewave) at a maximum rate of 1 kHz 
while retaining the voltage control calibration. 

Remote operation 
The 5105A-5110B offers control flexibility never before 

possible in a precision frequency source of its range. Any 
frequency or search oscillator position available from the 
keyboard can be remotely selected and can be rapidly 
switched: in 20 psec, typically. 

Rear panel connectors on the 5105A provide pins cor- 
responding to each front panel pushbutton, a ground con- 
nection, and a -12.6 volt line for use in remote program- 
ming. A combination of remote and local programming may 
be used, if so desired. 

No actual contact closure, such as a relay, is required. The 
-12.6 volts dc may be applied to the selected pin by elec- 
tronic means. 

The remaikably fast switching speed, valuable for such 
tasks as automatic digital frequency tracking, is one of the 
significant advantages of the direct synthesis method. There 
are no phase-locked loops which must settle to a final value 
when output frequency is changed. 

F i g u r e  1. S y n t h e s i z e r  s w i t c h i n g  speed.  

Fast switching 
Figure 1 shows (upper trace) the 5105A-5110B output 

frequency switched between 399.8 MHz and 400.2 MHz 
with 400 MHz subtracted to display switching in greater 
detail. The sweep is 25 psec/cm. The lower trace is that of 
the switching waveform applied to the synthesizer. 

Low noise performance 

To achieve the excellent low-noise output specified for 
the 5105A-5110B synthesizer over the full range requires 
the utmost care in design to identify and minimize noise 
sources followed by extensive testing at each stage of man- 
ufacture. 



Spectal purity and stability 

Spurious content is at least 70 d B  below the selected out- 
put.  This  reflects the extremely high level of spectral purity 
and stability achieved for  the 5105A-5110B by advanced 
design. 

Many applications require that a signal be multiplied. 
If the frequency multiplying device is broadband, the ratio 
of total sideband power to signal power increases as the 
square of the multiplying factor; since total power is con- 
stant, the increased sideband power must come f rom the 
carrier. T h e  spectrum begins to  spread, owing to intermodu- 
Iation. 

To achieve a signal having a good spectrum after high 
multiplication requires that the original signal have the 
highest possible signal-to-phase noise ratio, T h e  5 l o 5 A  has 
a signal-to-phase noise ratio (measured  in a 30 k H z  band 
centered on  the signal, excluding the 1 Hz central band)  
which is excellent: 

A t  1 MHz, 4 8  d B  
A t  100  M H z ,  4 8  d B  
At 500 MHz, 40 dB 
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Figure 2 shows phase noise distribution a t  500 MHz. T h e  
ratio of ou tput  signal to single-sideband phase noise ( i n  a 
1 -Hz  bandwidth)  is plotted against frequency of offset 
f r o m  the  signal. 

T h e  noise performance reflected in this plot  is remarkable 
for an instrument as compiex and versatile as the 5205A- 
5 110B, and  demonstrates its suitability fo r  applications 
where spectrum requirements are critical. O n e  such appli-  
cation would be as a local oscillator in a single-sideband 
communications system, both fo r  transmitters and for 
receivers. 

0 

I 

Figure 2. Log plot of phase noise. 

Specificat ions 
Specifications for  the 5 I O j A  Synthesizer are presented on  

page 547. Specifications for the 5110B Synthesizer Driver 
are presented on page 348. 
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FREQUENCY SYNTHESIZER 
dc to 50 MHz, 5 billion discrete frequencies 
Model 5100A/5110A 

Advantages: 
Digital frequency selection 
0.01 Hz frequency increments 
Spurious 90 dB down 
Remote programming 
Switching speed typically 20 p e c  

The Hewlett-Packard Model 5100A/5110A Frequency 
Synthesizer provides any output frequency from 0.01 Hz to 
50 MHz, selectable in steps as small as 0.01 Hz. The output 
frequency is derived from a precision single frequency source 
through direct synthesis, a technique which translates the 
stability and spectral purity of the source to the selected 
output. A precision 1 MHz quartz oscillator is provided, or 
an external 1 MHz or 5 MHz standard may be used. 

Spectral purity 
Particular care has been exercised in the design of the 

Model 5100A/5110A to insure that a very clean output 
signal is provided over the entire frequency range. A high 
order of spectral purity is essential for accurate doppler mea- 
surements, microwave spectroscopy, narrow band telemetry 
or communications, and similar applications. The design and 
construction of the 5100A-5110B make it possible to obtain 
output signals with a spurious content at least 90 dB below 
the selected output. 

The 5 11 OA Synthesizer Driver generates 22  spectrally 
pure signals from the standard signal. These 22  frequencies 
are then fed to the 5100A Frequency Synthesizer by means 
of rear panel BNC connectors and are continuously available. 
The variable output signal is synthesized from these fixed 
frequencies by a series of arithmetic operations. 

Fast switching 
Since no phase-locked loops are involved, switching from 

one output frequency to another can be accomplished very 
rapidly, either from the front panel pushbuttons or re- 
motely. Typically, 20 psec are required to change output 
frequency. 

Remote control 
Any frequency or search oscillator position that can be 

selected by front panel pushbuttons can also be remotely 
selected. Connectors located on the 5 1 OOA rear panel provide 
pins corresponding to each front panel pushbutton position, 
a ground connection, and a - 12.6 volt line for use in remote 
programming. The - 12.6 volts is available in two arrange- 
ments - continuous and switched. This lends additional 
versatility since it enables the use of a combination of remote 
and local programming. 

An actual contact closure such as a relay is not required 
for remote control of the Synthesizer. The required -12.6 
volts dc may be applied to the selected pin electronically. 

I’ 
Modular construction 

Modular construction has been used throughout the 
5100A/5110A. The modular concept enables the system to 

meet stringent demands regarding spurious signals since the 
isolation that it affords minimizes spurious coupling. It also 
enhances serviceability. Careful design and quality control 
insure that all modules are interchangeable from one instru- 
ment to another. 

Search oscillator 

The search oscillator can be selected either locally or re- 
motely and swept either locally or remotely. Besides facilitat- 
ing searching for an unknown frequency, the search feature 
permits frequency modulation of the output at a maximum 
sinewave rate of 1000 Hz, phase locking the synthesizer into 
another system, or sweep operation with a sweep range as 
small as 0.1 Hz. The incremental range of the search oscil- 
lator is between 0.1 Hz and 1 MHz, depending upon the 
column selected for search. Any one of the right-hand eight 
columns may be searched. 

Simple operation 

Operation of the 5100A-5110A is straightforward. The 
output frequency is selected simply by depressing one push- 
button in each of the 10 columns of pushbuttons. Any fre- 
quency that can be selected by the pushbuttons can be pro- 
grammed remotely. The Lock-Operate switch prevents acci- 
dental operation of the pushbuttons. The Circuit Check 
switch and meter on both the 5100A and 5110A provide 
quick and easy checks of internal circuits. The Frequency 
Standard switch selects either the 1 MHz internal quartz 
oscillator or an external frequency standard, if desired. 

Specifications 
The table on the facing page lists specifications for the 

5100A Synthesizer. The 51  10A Synthesizer Driver is pre- 
sented on page 548. 
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25 dB below the selected frequency, (applicable 
to  fixed output when terminated in 50 ohms). 

Spec i f i ca t i ons  
5105A, 5100A Syn thes i ze rs  

30 dB below the selected frequency (when ter- 
minated in 50 ohms). 

51 OOA* Specifications 51 05A" 

0.1 to 500 MHz 

0.1 Hz through 100 MHz per step. Selection by 
front panel pushbutton or by remote switch 
closure. Any change in frequency may be accom- 
plished in 20 psec typically. 

dc to  50 MHz Output frequency 
~ 

0.01 Hz through 10 MHz per step. Selection by 
front panel pushbutton or by remote switch 
closure. Any change in frequency may be ac- 
complished in 20 psec typically. 

Digital frequency 
selection 

~~ 

Fixed: 0 dBm e1 dBm into a 50-ohm resistive 
load. Variable: -6 dBm to  2 6  dBm into a 50- 
ohm resistive load. 

Output voltage 1 volt rms t 1 dB from 100 kHz to 50 MHz. 1 
volt rms +2  dB, -4 dB from 50 Hz to 100 kHz, 
into a 50-ohm resistive load. Nominal source 
impedance is 50 ohms. 15 mV rms minimum 
open circuit from 100 kHz down t o  dc, at sepa- 
rate rear output connector, source impedance 
of 10,000 ohms with shunt capacitance approx- 
imately 70 pF. 

Provides continuously variable frequency selec- 
tion with an incremental range of 0.1 Hz through 
1 MHz. Manual or external voltage (-1 to -11 
volts) control with linearity of 2 5 % .  

Search oscillator Provides continuous variable frequency selection 
with an incremental range of 1.0 Hz through 10 
MHz. Manual or external voltage (-1 to -11 
volts) control with linearity of &5%. 

Phase modulation (rear panel input) _t3 radians maximum devia- 
tion; dc -1 MHz rate. 

Signal-to-phase 
noise ratio 

Greater than 54 dB in a 30-kHz band centered 
on the signal (excluding a 1-Hz band centered on 
the signal). 

Measured in a 30-kHz band centered on the 
signal (excluding a 1 Hz band centered on the 
signal) is greater than: 

Output frequency-MHz I 1 I 50 1 100 I 500 
Ratio-dB (481 481 481 40 

(Above 100 kHz): Greater than 74 dB in  a 30 kHz band. 

Output frequency 

1 MHz I 50 MHz I 100 MHz 1 500 MHz 
Averaging time 

Signal-to-AM noise ratio 

RMS fractional frequency 
deviation (with a 30-kHz 
noise bandwidth)** 

10 milliseconds 1 XTO-~ 2 x % - ~  1 x 6 x  1O-Io 
1 second 12 x 10-9 /4 x 10-1 I I -2 x 10-1 I I 1 x 10-1 ' I 

- 

Spurious signals 
~-~ ~~~~~~ 

Non-harmonically related signals are at least 70 
dB below the selected frequency. 

Non-harmonically related signals are at least 90 T dB below the selected frequency. 

Harmonic signals 

Dimensions 

net, 75 Ibs (34 kg); shipping, 133 Ibs (61 kg). Weight 

Equipment furnished 05100-6180 Decade Test Cable, 05100-6066 Out- 
put Cable, 05100-6212/13 Cable Assembly con- 
nects 5100A Synthesizer to 5110A Driver. Per- 
mits rack mounting a 5100A up to approx. 2.5 
ft. above or below the 5110A Driver. A special- 
length-cable assembly will be required for other 
mounting arrangements. 

Decade test cable: 05105-6054/55. Cable As- 
sembly (connects 5105A Synthesizer to 51108 
Driver) permits up to approx. 2.5 feet vertical 
separation. 

Special cable Special cable available. Specify configuration 
and length (50 ft. max.). Cable is supplied in 
five-foot increments. Price: $40 per five-foot 
increment. 

I f  a special-length cable assembly is required, 
order spec C05-5110A. Specify configuration 
and length (max. separation 50 feet). Cable is 
supplied in five-foot increment only. Price: $40 
per five-foot increment. 

Price Available early in 1967 $8,150. (requires 5110A) 
*5105A reauires 51108 Driver: 5100A reauires 5110A Driver. . ~~~ . ~ ~ 

**Note: When the 51106 Driver ut i l izes an external frequency standard, th is  wi l l  a f fect  the stabi l i ty and spectral pur i ty  of the output. Performance data stated above 
are based on internal frequency standard or indicate synthesizer contr ibution to  over-ail performance w i th  external standard. 
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T h e  H P  5110B Synthesizer Driver supplies t he  HP 
5105A Synthesizer with 22  fixed, spectrally pure  signals 
derived f rom a 1 MHz precision quartz oscillator, T h e  HP 
51  10A Synthesizer Driver performs the same function fo r  
the HP 5100A Synthesizer. 

T h e  frequency synthesizer system comprising the 5 105A 
Synthesizer and the 5 110B Driver provides output fre- 
quencies f rom 0.1 to 500 M H z  in increments as small as 0.1 
Hz. T h e  5100A - 5110A system provides output frequen- 
cies f rom dc  to 50 MHz in increments as small as 0.01 Hz. 
These synthesizers are described on pages 544-546. 

T h e  1 MHz quartz oscillator which is the source fo r  all 
output frequencies of the synthesizer driver is stable to t 3  
parts in l o Q  per 24 hours. To help maintain this excellent 
crystal stability, oven circuits are energized any time the in-  
strument is connected to the  power line. A circuit check 
meter allows verification of correct oven operation. 

W h e r e  special requirements make  it necessary that syn- 
thesized frequencies be derived f rom an external frequency 
standard,  a rear panel connector o n  the 5110A and the  
511OB accepts a 1 iMHz or 5 MHz signal. Substitution of 
an external standard results in having the characteristics of 
t he  synthesized frequencies made partially dependent upon 
the characteristics of the external standard.  

These synthesizer drivers are each capable of driving up  
to, four  synthesizers. Drivers equipped in accordance with 
Options 02 through 04, for driving f rom two to  four  syn- 
thesizers, must  have additional outputs no t  in  use terminated 
in 50 ohms in order that  ful l  specified spurious performance 
be met.  

Specifications 
Synthesizer Drivers 5110A, 51 10B 

For the 5100A and 5105A Synthesizers" 
Output frequencies: For their respective synthesizers the driv- 

ers provide 2 2  fixed frequencies as follows: 3.0 through 3.9 
MHz in 0.1 MHz steps (50 mV +I, - 3  d B ) ,  30 through 
39 MHz in 1 MHz steps, and 24 MHz;  plus ( 1 )  for the 
5100A, the 5110A provides 3 MHz (100 mV i l . 5  dB, 50- 
ohm system), ( 2 )  for the 5105A, the 5llOB provides 20 
MHz (100 mV 2 1 . 5  dB, 50-ohm system). 1 MHz buffered 
output (1  V e 1.5 dB into a 50-ohm resistive load) available 
at rear panel connector. 

Internal frequency standard: 
Type: 1 MHz Quartz Oscillator. 
Aging rate: Less than k 3  parts in 10" per 24 hours. 
Stability: As a function of ambient temperature: 2 x lo-'" 

per OC from 0°C to + 5 5 O C .  As a function of line volt- 
age F 5  x 10-11 for a & l o %  change in line voltage (rated 
at 115 or 230 volts rms line voltage). 

RMS Fractional Frequency Deviation: 
Average 1 M H z  Output 

Time Frequency 
10 millisec 6 x 10-lO 
1 sec 1 x 10-11 

*Use the 5110A wi th  the 5100A; the 51108 wi th  the 5105A. 

Signal-to-phase noise ratio:* >S5 dB. 

Signal-to-AM noise ratio:* >SO db. 

Harmonic signals: >40 dB below the output (with proper 
termination). 

Phase-locking capability: A voltage control feature allows 
5 parts in 108 frequency control for -5 to + 5  volts ap-  
plied externally. 

External frequency standard input requirements: 1 MHz or 5 
MHz, 0.2 V rms minimum, 5 V maximum across 500 ohms. 
Stability and spectral purity of Frequency Synthesizer will 
be partially determined by the characteristics of the external 
standard if used. 

Dimensions: 16%" wide, 5-7/32" high, 16 3/s" deep (425 x 

Weight: Net,  54 lbs (25 k g ) .  Shipping, 60 lbs ( 2 7  k g ) .  

Operating temperature range: 0 to + 5 5 O C .  

Interference: Complies with MIL-1-26600, Class 1 and 3, MIL- 

Susceptibility: Complies with MIL-1-26600, Class 1 and 3, 

Power: 115 or 230 volts ? lo%,  50 to 400 cycles, 35 watts.  

Optional features: The Synthesizer Drivers are capable of driv- 
ing up to four Frequency Synthesizers: 
Option 02, outputs for driving two synthesizers, $125; Op-  
tion 03, for three, $235; Option 04, for four, $345. 

133 x 416 m m ) .  

1-6181D.** 

MIL- I-6181D. 

Notes: 
1. For Options 02-04, if full specified spurious performance 

is required, outputs not connected to a Synthesizer niust be 
terminated in 50 ohms. (Accessory No. 1051OA, 22 required 
for each set of outputs not connected, $ 5  each.) 

2 .  Special interconnecting cable may be required. 

3. Small phase jumps may be experienced in additional 
synthesizer when first is switched in frequency. 

Price: $4350. 

*In a 30 kHz band centered on the  carrier, excluding a 1 Hz band centered 

**Interference compliance requires tha t  the  5105A and 51108 are connected 
on the carrier. 

by a low inductance path such as adjacent rack mounting. 
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FREQUENCY SYNTHESIZERS 
Broad frequency coverage, dual-range 

Models 5102A, 5103A 

The H P  Models 5102A and 5103A Frequency Synthe- 
sizers increase synthesizer capability, providing instruments 
with dual-output frequency ranges of 100 kHz and 1 MHz 
(5102A), and 1 MHz and 10 MHz (5103A). 

The 5102A provides output frequencies from 0.01 Hz 
to 100 kHz and from 0.1 HZ to 1 MHz in increments of 0.01 
Hz and 0.1 Hz respectively. Output frequencies from 0.1 
Hz to 1 MHz in increments of 0.1 Hz, and from 1 Hz to 
10 MHz in 1 Hz increments are provided by the 5103A. Both 
instruments synthesize the output frequency from a single 
frequency source, translating the stability of the source to 
the output frequency via a direct synthesis technique. A 
very stable quartz oscillator, provided with each synthesizer, 
or an external 1 M H t  (or 5 MHz) frequency standard may 
be used as the frequency source. 

A Level control on the front panel allows continuous 
adjustment from 300 mV to 1 volt rms, of frequencies 
(greater than 50 Hz)available at the front-panel BNC. 
For frequencies below 50 Hz, the signal is taken from a 
rear-panel Low Level output BNC. Frequencies available 
at the rear-panel BNC have a signal strength of approxi- 
mately 80 mV for the 5102A and 20 mV for the 5103A. 

Dual-range feature 
The two distinct (dual) frequency ranges of the 5102A 

and 5103A provide the user with extended capability at 
minimum cost and without sacrifice of a convenient 
module size. The upper range extends the frequency capa- 
bility of each model, at the same time retaining high levels 
of stability and spectral purity. The higher frequency capa- 
bility has frequency increments that are the same percentage 
of the range maximum as in the lower frequency range. 

The choice of frequency range is dependent on the maxi- 
mum frequency required and is selected by the Range 
switch located on the front panel. The Range switch also 
positions a moveable label bar, conveniently indicating the 
decimal value of each column of pushbuttons. For both 
ranges the output frequency is selected three ways. 

With the Frequency Select switch in the Local position, 
the output frequency is selected by seven columns of push- 
buttons, arranged for rapid frequency selection. A locking 
switch is provided to prevent accidental operation of the 
pushbuttons once they are set. In addition, the full range 
of each column may be continuously varied either manually 
or externally by a search oscillator. Any frequency or search 
oscillator position IocalIy controlled may be remotely se- 
lected via rear-panel connectors to each of the front-panel 
pushbuttons. The Frequency Select switch is positioned in 
Remote for remote control. Combined local-remote opera- 
tion also is possible with the switch in the Local position. 
Any column not locally selected may be remotely controlled. 
Less than 20 p e c  are required to switch between fre- 
quencies in the local mode of selection and also in the 
remote mode if proper impedance levels are selected for 
the remote controller. The switching speed is very rapid and 
accurate, due to the direct synthesis technique used, which 
eliminates slower, hard to synchronize phase-locked loops. 

The search oscillator provides continuous tuning in any 
selected column plus an external sweep capability. This is an 
L-C oscillator which allows the operator to continuously 
“search” any significant column from 1 MHz to 0.1 Hz either 
manually by a front-panel control or remotely by application 
of a suitable voltage. The typical voltage vs frequency 
characteristic is shown in Figure 1. The approximate slope is 
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the voltage control calibration. 
If the search oscillator is used, the stability of the syn- 

thesizer output is determined by either that of the stand- 
ard instrument or that of the search oscillator-depending 
on the column which is “searched.” 

Outputs from the 5102A and 5103A are very clean over 
the full frequency ranges. Careful design and solid-state 
modular construction yield the high order of spectral purity 
essential for applications requiring clean and stable fre- 
quencies. 

I’ 

I 1 

Output frequency: 

Output voltages: 

Auxil iary outputs: 

Auxiliary output voltage: 

Digital frequency selection: 

Switching time: 
Search oscillator: 

Signal-to-phase noise ratio (output)*: 

Signal-to-AM noise rat io*: 

I 

100 kHz range: 50 Hz to 100 kHz; 
1 MHz range: 50 Hz to 1 MHz 

1 MHz range: 50 Hz to 1 MHz; 
10 MHz range: 50 Hz to 10 MHz 

Maximum output 1 V rms *l dB into 50Q resistive load. Level control (front panel output BNC) 
provides a minimum of 10 dB continuously variable attenuation. 

(1) Low level: dc to value of range, both ranges (rear-panel BNC); (2) fo+ 30 MHz (fo is selected 
frequency, dc to 1 MHz, both ranges) rear-panel BNC; (3) 1 MHz frequency standard (rear-panel BNC) 

(1) Low level 

(2) fo + 30 MHz: 1 volt rms, * 2  dB into a 5 0 a  resistive load 
(3) 1 MHz: 1 volt rms, *1.5 dB into a 50Q resistive load 

80 mV rms (minimum) open circuit 20 mV rms (minimum) open circuit 

100 kHz range: 0.01 Hz to 10 kHz steps; 
1 MHz range: 0.1 Hz to 100 kHz steps 

1 MHz range: 0.1 Hz to 100 kHz steps; 
10 MHz range: 1 Hz to 1 MHz steps 

Selection by front-panel pushbutton or by remote contact closure; any change in  frequency may be 
accomplished i n  <20 psec provided appropriate rear-panel connection is used 

<20 psec for any change in  frequency 
Provides continuously variable frequency selection in  any desired column over complete range of 

that column; manual by a front-panel control or by an external voltage (-1 to -11 volts) 
(Output): 100 kHz range, >74 dB 

1 MHz range, >64 dB 
(Output): 1 MHz range, >64 dB 

10 MHz range, >54 dB 
(fo+30 MHz): >60 dB ( fo f30  MHz): >60 dB 
(Output): 100 kHz range, >80 dB for fre- 
quencies above 30 kHz; 1 MHz range, >74 dB 
for frequencies above 100 kHz 

(Output): 1 MHz range, >74 dB for fre- 
quencies above 100 kHz; 10 MHz range, >74 
d B  for frequencies above 500 kHz 

RMS fractional frequency deviation: (Output): 
100 kHz range I 1 MHz range 

I I I I 1 MH7 

(Output): 
1 MHz range I 10 MHz range 
I I I . . . . . . - 

Ave. 100 kHz Output Ave. 100 kHz Output Output Ave. 1 MHz Output Ave. 10 MHz Output 
Time Frequency Time Frequency Frequency Time Frequency Time Frequency 

10ms 1 x 10-8 10ms 3 x l o - *  

... ”. 
Time I Output Frequen-y 

...-. 
Time I Output Frequency 

Spurious signals: 

~. . 
1 sec I 1 x 10-11 1 sec 1 1 x 10-11 

100 kHz range: >90 dB; 
1 MHz range: >70 dB 

1 MHz range: >70 dB; 
10 MHz range: >50 dB 

(below selected output for non-harmonically related signals) 
Harmonic signals: 
Internal frequency standard: 
Internal frequency standard aging rate: 
Stabil ity of internal frequency standard 

(as function of ambient temp.): 
(as function of !ine voltage): ~ 

External frequency standard: 
Standard input requirements: 

Operating temperature range: 
Dimensions: 

t I , 
* I n  a 30 kHz band centered on the carr ier ,  excluding a 1 Hz band centered on t h e  carr ier .  

>35 dB on all ranges, all outputs (with proper termination) 
1 MHz quartz oscillator 

less than 1 3  parts in  lo9 per 24 hours 

1 2  x 10-lo per “C f rom 0°C to +55”C 
==5 x lo-” for a +=lo% change in  line voltage (115 or 230 V) 

1 MHz or 5 MHz, 0.2 V to 5 V rms across 500Q 
stability and spectral purity of synthesizer wi l l  be partially determined by the characteristics of 

external standard i f  used 
0 to +55”C 

16%” wide, 10-15/32” high, 16%’’ deep 

4 

(425 x 266 x 416 mm) 

Weight/Power : 
Price: 

\ - -  ~ 

net 75 Ibs (34 kg); shipping 127 Ibs (58 k g ) / l l 5  or 230 V*10%,50-400 Hz, 50 W 
$6,500 $7,100 
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Hewlett-Packard Frequency Synthesiz- 
ers are signal sources (essentially mul- 
tiple frequency standards) for which 
output frequency can be selected from a 
keyboard or by electronic command to a 
very high resolution. Such an instrument 
with its extremely high spectral purity 
and stability constitutes a powerful tool 
in a wide range of systems and scientific 
applications. 

Communications 
The  high spectral purity of synthe- 

sizer output signals makes them ideal as 
local oscillators in receiver applications 
where very low levels of rf gain are 
available in the circuitry before the mixer 
stage. 

Their very stable output frequencies 
make these synthesizers suitable for use 
in homodyne receiver circuitry. The  ad- 
vantages of using a synthesizer in this 
application are simplicity and freedom 
from image problems, both of which 
plague many receiver designs. 

Data  handling systems in all areas of in- 
dustry and military applications use mag- 
netic tape as  a storage medium, linking 
tlie receiver to the data processing and 
anilysis equipment. However, magnetic 
tape is not without fault, introducing 
certain distortions to the data.  A synthe- 
sizer may be used to eliminate the de- 
grading effects wow and flutter have on 
information that is received and stored 
on magnetic tape. This use is facilitated 
by tlie ability of the user to bypass tlie 
internal crystal filter in tlie synthesizer 
driver section. The  input reference fre- 
quency may be offset by as much as 
0.25%, with the same percentage offset 
translated to any output frequency, Thus,  
a recorded reference channel on the tape 
can be uesd as the reference frequency 
of the synthesizer, and wow and flutter 
can be removed by comparing the data 
channel with a convenient Synthesizer 
output frequency derived from the refer- 
ence channel. 

A surveillance receiver system which 
monitors multiple data channels by 
rapidly switching between channels is an 
ideal area of application for one of the 
Hewlett-Packard frequency synthesizers. 
Wi th  its rapid, highly repeatable switch- 
ing capability, a synthesizer will serve as 
tlie local oscillator in this type of receiver, 
providing the proper local oscillator fre- 
quency for each channel under surveil- 
lance. A similar application arises in 
radio sounding applications, used to de- 
termine the maximum usable frequency 
allowed by ionospheric conditions. Since 

these conditions are always in a state of 
change, the ability of a synthesizer to 
generate test transmissions rapidly over 
the entire hf spectrum makes it an im- 
portant tool for radio sounding. 

The  high spectral purity which charac- 
terizes the Hewlett-Packard synthesizers 
allows signal multiplication to micro- 
wave frequencies. H P  synthesizers are 
ideal for use as the local oscillator in 
microwave communications systems. 
A laboratory-type receiver capable of 

flat response over a broad range can 
easily be arranged with use of one of the 
synthesizers as the local oscillator, to- 
gether with a broadband mixer and a 
narrow-band amplifier. For example, a 
combination of the H P  5105A/5110B 
Synthesizer, the H P  10514A Mixer, and 
the H P  41SD S W R  Meter exhibits an 
exceedingly flat response over the range 
100 kHz to 500 MHz and a sensitivity 
greater than lo-'' watt .  

Radar 
T h e  5100A/5110A is c a p a b l e  of 

switching between output frequencies in 
0.01 increments at a very fast rate; thus 
it is capable of making very good ap- 
proximations of frequency versus time 
functions This performance feature 
finds application in high performance 
"chirp" radar installations, which require 
an ultra linear sweep. 

In doppler radar applications tlie Hew. 
lett-Packard frequency synthesizer essily 
supplies all the necessary requirements 
for precise velocity measurements. Tlie 
excellent stability of the Synthesizer 
makes it  ideal as tlie basic signal source 
in the transmitter, which requires stabil- 
ity capable of staying within a receiver 
bandwidth only a few cycles wide in the 
microwave region. For accurate velocity 
measurements, the transmitted source 
frequency must be exactly the same after 
the round trip to the vehicle under scru- 
tiny. A 5100A/SllOA or another of the 
synthesizers also is well suited for use as 
the local oscillator in the doppler re- 
ceiver, where the local oscillator must be 
capable of rapid change in order to keep 
the returning signal of different frequency 
within the narrow receiver bandwidth. 

NMR applications 
Nuclear magnetic resonance spectro- 

scopy methods are used to determine the 
qualitative and quantitative structure of 
molecules. In NMR, the strength of an 
applied dc magnetic field and the fre- 
quency of simultaneously applied rf field 

uniquely determine the spin-interaction 
of nuclei. In this application the broad 
frequency range and precise 0.01 Hz in- 
crements of frequency are very valuable. 

Short-term stability 
measurements 

Hewlett-Packard synthesizers are ideal 
for use in systems to evaluate short-term 
frequency stability. Often denoted as 
phase noise, short-term stability can be 
characterized by three measures: a phase 
noise vs. frequency of offset plot, a total 
measurement of instability over a fre- 
quency band, and statistical parameters. 
Their own excellent stability makes H P  
synthesizers ideal for use in systems to 
make these measurements on signal 
sources (such as oscillators) and on a 
variety of circuits: amplifiers, limiters, 
and filters. Systems for phase noise mea- 
surement utilizing the synthesizer offer 
a practical solution to problems of pro- 
duction testing. A synthesizer can serve 
as the frequency reference and also as 
tlie source of excitation for tlie circuit to 
be evaluated. 

Synthesizer specia Is 
Since their introduction in 1963, Hew- 

lett-Packard synthesizers have found 
many unusual applications. Users have 
been quick to take advantage of synthe- 
sizer versatility and have shown great in- 
genuity in applying synthesizers to many 
research, manufacturing, and field in- 
strumentation needs that otherwise could 
have been met only by costly laboratory- 
designed equipment. 

Where  none of the standard synthe- 
sizers can serve the need, however, 
Hewlett-Packard engineers in the synthe- 
sizer design group stand ready to apply 
their special knowledge to select, adapt 
or modify synthesizers to meet a custo- 
mer's special requirements. It often 
proves to be the case that needs can be 
met with instruments built on the pro- 
duction line to narrowed environmental 
specifications, or with faster switching 
speed, or with changed output frequency 
ranges. Whenever possible, the synthe- 
sizer group specifies simple modifications 
that can be made at relatively low cost 
to the customer, thereby avoiding the far 
greater expense of special engineering de- 
sign. Where necessary and warranted, 
though, this group will devise and build 
special synthesizers. Discuss your re- 
quirements with your Hewlett-Packard 
field engineer. 
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__ __ __ __ 

NUCLEAR INSTRUMENTATION u NUCLEAR 

Nuclear instruments detect, count and 
display the occurrence of nuclear events 
-alpha and beta particles, neutrons and 
gamma or x-rays. These different radia- 
tions occur in the transition of elements 
from one state to another. 

suited. For example, crystals of sodium 
iodide activated with thallium, N a I ( T I ) ,  
are particularly suited for detection of 
gamma radiation. Hewlett-Packard uses 
this crystal in the integral assemblies in 
the 10600A Series Scintillation Detectors. 

1 I  

SCINTILLATION D E T E C T O R  SCALER-T lUER 
HP 10601A H P  52011 
HP IO602A mP 5 2 0 2 ~  

HP 5203L 

H P N O  5 S S l A  

F i g u r e  1. H e w l e t t - P a c k a r d  n u c l e a r  i n s t r u m e n t a t i o n  s y s t e m  

The basic nuclear instrumentation sys- 
tem Hewlett-Packard uses for counting 
nuclear events is shown in Figure 1. It is 
a complete system for detecting, count- 
ing and displaying gamma radiation. All 
systems for counting nuclear events con- 
tain these basic instruments, although 
they may be packaged differently. The 
Hewlett-Packard packaging format, uti- 
lizing modular cabinets, provides the 
most versatile usage over a wide range 
of applications. In addition, this format 
is compatible with instruments in existing 
gamma spectrometers. 

By packaging the N a I  (TI) crystal 
and photomultiplier tube (the integral 
assembly) and the preamplifier into a 
detector assembly, by packaging the high- 
voltage supply separately, and by com- 
bining the single-channel analyzer and 
the scaler-tinier in one module, Hewlett- 
Packard offers instruments grouped so 
they may be used to count almost every 
type of nuclear event if the proper de- 
tector is used. 

There are many types of detectors 
available, each with an application (type 
of event counted) for which it is best 

Spectrometer systems 
By operating the 5201L Single-Channel 

Analyzer in the “narrow window - A E  
mode,” the system may be used for 
single-channel pulse height analysis. The 
precision calibration of the 5201L win- 
dow enables counting of pulses with 
peaks falling within a window having a 
width calibrated between zero and 0.5 
volt. The  ability to quickly establish a 
very narrow and calibrated window, with 
high repeatability, has wide application. 
Wi th  the narrow window the user is able 
to easily analyze the photo peak(s)  of 
radiation samples. 

If the window of the single-channel 
analyzer in the 5201L is swept across the 
full energy spectrum of a sample, pro- 
viding total energy spectrum information, 
the system is a scanning gamma spec- 
trometer. Figure 2 shows how a system 
utilizing the H P  5552A Spectrum Scan- 
ner can be used to snreep the single chan- 
nel analyzer (in the 5201L) over a par -  
ticular energy spectrum and provide an 
X-Y plot of the spectrum on a Moseley 
7035A Recorder. A spectrum recorded on 
this system of Csi3’ is shown in Figure 3. 

Substituting the Model 5202L Scaler- 
Timer for the Model 5201L Single- 
Channel Analyzer in the spectrometer of 
Figure 1 provides a simple integral dis- 
criminator in place of the single-channel 
analyzer. The spectrometer is capable of 
providing gross gamma count informa- 
tion. Connecting a number of scaler- 
timers with an  H P  2514A Digital Scan- 
ner to an H P  562A Digital Recorder 
and/or recording devices such as the HP 
2595 Tape Punch Coupler, HP 2526 
Card Punch Coupler of the HP 2546 
Magnet ic  T a p e  Coupler ,  p rovides  a 
means for collecting data from many 
nuclear sources and in numerous forms. 
Such a system could be used to monitor 
the radiation of different types of par -  
ticles from one source, in one case, or, in 
another, the strength of gamma radia- 
tion a t  various distances from a source 
or a t  different positions about a source. 

Applications for gamma 
spectrometry 

The gamma spectrometer configura- 
tions described above indicate the far-  
ranging capability of Hewlett-Packard’s 
nuclear instruments in all areas where 
gamma (or  other nuclear event) spec- 
trometry is of value. 

Activation analysis and natural radia- 
tion detection are important tools of sci- 
entists in both pure and applied scientific 
research. Radioisotopes are used in medi- 
cal research, diagnosis and therapy. In- 
dustry uses neutron activation analysis 
in testing for impurity concentrations in 
products of all forms. For example, the 
semiconductor industry uses the ability 
of gamma spectrometers to detect minute 
quantities of impurities in semiconductor 
crystals. Law enforcement agencies use 
spectrometers to detect small quantities 
of gunpowder, poisons, etc., that have 
been activated by neutron bombardment, 
as a tool in crime detection. 

I’ 

A iCoUNTS’ X-Y RECORDER 
10650A 
SHIELD 

10613A A A  
DETECTOR BCD X AXIS PEN 

IENERGYI  

5551A 
HVPS 

F i g u r e  2 A u t o m a t i c  g a m m a  s c a n n i n g  s p e c t r o m e t e r  F i g u r e  3. X-Y p l o t  of Cs 3 7  s p e c t r a .  
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SPECTRUM SCANNER 
For versatile automatic spectrum scanning 

Model 5552A 

T h e  HP 5552A Spectrum Scanner is designed fo r  ex- 
ternally programming a single channel pulse height analyzer 
scaler-timer (such as the 5201L, page 554)  for  automatic 
recordings of gamma and x-ray energy spectra. T h e  all- 
electronic method incorporated by the  j j j 2 A  produces 
spectra such as that shown on  page 552 (which is a plot o f  
counts versus energy level)  and provides very versatile pro- 
gram control. 

T h e  55 52A Spectrum Scanner is normally used in systems 
such as that shown on page 552. T h e  5552A supplies t he  
voltage for  t he  deflection of t he  X-Y Recorder pen fo r  the 
X-axis, and the  H 0 3 - 5 8 1 A  Digital  to Analog Converter 
converts the data f rom the  5201L Scaler-Timer for  t he  de- 
flection voltage for the Y-axis. T h e  scaler-timer gates the 
scanner at t he  conclusion of a counting interval to allow the 
generation of the next voltage step. T h e  scanner introduces 
a delay to permit the pen of t he  recorder to reach the correct 
position in the  Y direction before moving in the X direction. 

The 5552A has control circuitry fo r  scanning either a 
single spectrum or fo r  continuous automatic rescanning. For 
the continuous mode  the  5552A supplies a command signal 
to  l i f t  t he  pen of the Moseley 7 0 3 5 ~ 4  Recorder dur ing  its 
return to  the  start position. T h e  5552A enables the operator 
to stop the  scan at any point f o r  repeated counting in any 
particular channel.  

This  scanner may be used in systems described above to  
provide data in a format analogous to that obtained f rom a 
multi-channel analyzer. 

Specifications 
E,,,i,, output: (decreasing staircase) 

Range: full scale + 4 . 9 8 0  volts to -0 .020 volts. 
Full scale: 50 channels, 100 m V  increments; 100  channels, 

50 m V  increments; 200 channels, 25 m V  increments. 
Half scale: upper  100  channels, 25 m V  increments; lower 

100 channels, 25 m V  increments. 
Integral linearity: 0 . 2 5 % ~  O°C to 55OC. 
End point stability: + 5 0  m V  to -20 m V  around zero and 

+ 20 m V  to - 100 m V  around full  scale. 

Output impedance: less than 1 0  ohms. 
Output current: maximum:  5 m A .  
Connector: B N C  on rear panel.  

output f rom HP Scaler-Timers. 

Range: 0 to 100  m V .  
Impedance: 1 k ohm.  
Integral linearity: 0 , 2 5 7 ~  (0.C to 55OC). 

End of scan output: normally closed contact opens for  1 sec- 
ond at end  of scan. 

Event marker output: momentary contact closure to  ground at 
end of the counting period of every l o t h  channel. 

Inhibit output: normally open circuit, shorted at arrival of  
trigger input.  Duration of I N H I B I T  is 960  msec with 
D E L A Y  switch ON and 15  msec with D E L A Y  switch 
O F F .  

+24 volt input: T N C  connector on  rear panel,  200 m A  cur- 
rent drain (maximum) , 

Digital recorder output: (channel number)  
Output: 4 line 1-2-4-8 B C D  code, “1” state negative. 
Impedance: 100 k ohms. 
Positive state level: approximately 0 volts. 
Negative state level: approximately - 20 volts. 
Reference levels: - j  V,  1.2 k ohms source impedance; 

-10 V,  2 .8  k ohm source impedance. 
Print command: print command not available f rom 5552A 

Spectrum Scanner; must  be obtained f rom scaler-timer. 

Trigger input: negative slope 0 . 1  V / p e c ,  -5 V peak or gate 

X-Y recorder output 

Power: 11 5 V or  230 V ac, 50 Hz to 1000 Hz,  11 watts. 

Weight: 1 2  Ibs ( 5 , 5  kg )  net, 1 7  Ibs (7 ,7  k g )  shipping. 

Dimensions: 16%” w i d e ,  3-15/32” h i g h ,  111/4” deep 

Temperature range: O°C t o  55OC. 

Accessories furnished: detachable power cord; rack mounting 
accessory kit; circuit board extender;  two H P  10519A 
cables, 6 f t .  long B N C  connectors. HP 10530A cable. 

( 4 2 6  x 8 9  x 286 m m ) .  

Price: j 552 Spectrum Scanner, $675.  
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Advantages: 
Solid state 
Preset t ime and  count 
Output  f o r  HP printers 
6-digi t  in-line readout 
200  nsec pulse resolution 
O u t p u t  for  ratemeter 

T h e  Hewlett-Packard scaler-timers a l low wide flexi- 
bility in nuclear count ing applications. The HP 5201L 
Scaler-Timer has a single-channel pulse height  analyzer that 
allows manual  or automatic spectrometry. In manual  opera- 
tion, the two integral discriminators h a r e  a digital (voltage) 
readout, and  the discriminator levels are stable to 0.01% 
per  "C ful l  scale, In automatic operation, the lower level 
discriminator may be scanned by application of an external 
vo 1 t age. 

The HP 5201L and  5202L differ in that  the  pulse height 
analyzer in the  5201L is replaced by a simple integral dis- 
criminator in the  5202L.  Both may be used to totalize 
counts, count for  a preset time or register t ime for  a preset 
number of counts to occur. They  have selectable preset 
count times in integral multiples of 0.1 second or 0.1 
minute  and utilize the power line frequency as the  time 
base. Sampling mode  may be either automatic or manual .  
T h e  HP 5203L Scaler may be either manually operated or 
externally gated. I t  may be slaved t o  a 5201L or a 5202L. 

All of the  scalers and the scaler-timers have the  same 
input  counting capability with mult iple  pulse resolution of 
200 nsec. A binary-coded-decimal ( B C D )  output  for 
dr iving HP digital recorders or other  devices is provided 
in these inst&ments as a standard feature. 

T h e  compact modular  cabinet design gives high porta- 
bility, maximum utilization of space, plus the ability to  
convert quickly f rom bench t o  19" rack mounting con- 
figuration (all conversion hardware included a t  n o  extra 
cost). 

Specifications, 5201 L 
General 

Resolving time: preset time mode, 200 nsec; preset count 
mode 10 iusec. 

Maximum periodic count rate: preset time mode, 5 x IO6 
counts/sec; preset count mode, 1 x 1Oj counts/sec. 

Preset count times: 0.1 sec to 9,999.9 sec in 0.1 sec steps; 
0.1 min to 9,999.9 min in 0.1 min steps. 

Sampling modes: "AUTO" position allows repeat of count 
a t  sampling rate. Sample time is 200 msec plus count time. 
"MANUAL" position requires that "START" button be 
depressed to start sample. 

Accuracy: t 1 count t time base accuracy. 
Time base: power line frequency (typically & O . l Y ,  or bet- 

ter. 100 kHz crystal time base optional). 
Gate in: gate opens with external dc level > + 5  and 

< + 20 V. Gate closes with dc level < + 2 V .  
Gate out: > + 1 5  V when gate open, < + 2  V when gate 

closed. 
Reset: front panel pushbutton. 
Power: 115 V or 230 V k l O % ,  60 Hz, 60 watts (50  Hz 

version optional). 

Temperature range: -0'C to +55"C.  
+20 V power supply: output through rear T N C .  

Modes of operation: ( a )  integral; ( b )  differential with nar- 
row window; and ( c )  differential with wide window. 

Input circuit: ac coupled. Impedance 500 ohms. Maximum 
input pulse rise time is determined by 1 msec input time 
constant. 

Pulse height analyzer 

Polarity: positive or negative (selectable). 
Output: nominal 0.5 V pulse into 50 ohms for rate meter 

NaI (T I )  scintillation counting performance 
input. 

Discriminator ranges: E,,,,,, and E,,,,, are adjustable from 

AE range: adjustable up to 0.5 V.*  
Discriminator stability: tO.Ol%/'C full scale ( t 0 . 5  mV/  

" C )  change in E,,,,,, and E,,,,,,; and less than ?O.l%/"C 
of full scale ( 2 0 . 5  mV/"C)  change in A E  over 0 to 
+55"C and with 2 1 0 %  line voltage variations. 

0.05 v to 5.0 v.* 

Integral linearity: &0,25Y, of full scale. 

Multiple pulse resolution: 200 nsec. 
Minimum pulse requirements: 40 nsec minimurn pulse 

5 MHz scaler performance (integral mode only) 

width, 0.1 V peak. 
Functions 

Preset time: displays number of counts during preset time 
interval of 0.1 sec or 0.1 min, x preset number N. 

Preset count: displays number of 0.1 second or 0.1 minute 
intervals required for N counts to occur. 

Preset range: "N" number selectable 1 to 99,999 on thumb- 
wheel switches. 

Manual: counts from discriminator are totalized for ( a )  time 
between pushbutton START-STOP; or for ( b )  time dura-  
tion of a dc level applied at  rear connector. (See Gate  In, 
above.) 

Specifications, 5202L 
(same as 5201L except as follows) 

Discriminator 
Input pulse range: 0.1 to 5.0 volts (max peak pulse ampli- 

tude) .  
Level adjustment: variable over small range around 80 milli- 

volts (factory setting). 
Input circuit: ac coupled. Impedance 1000 ohms. Maximum 

input pulse rise time is determined by 1 msec input time 
constant. 

Minimum pulse requirements: 40 nsec minimum pulse 
width . 

Multiple pulse resolution: 200 nsec. 

Specifications, 52031. 
General 

Resolving time: 200 nsec. 
Maximum periodic count rate: 5 x 10" countshec. 
Gate in: gate opens with external dc level > f 5 0  V and 

< +20 V .  Gate  closes with dc level < + 2  V .  
Gate out: > 1 5  V when gate is open, < f 2  V when gate is 

closed. 
Reset: ( a )  front-panel pushbutton or ( b )  automatic internal 

reset. 

* 1 E  i s  d i f ferent ia l  between E . and E,,,;,, 
E,,,,,, 1s level set by Lower CeiEI Discriminator (LLD) 
E,,,;,, I S  level set  by Upper Level Discriminator (ULD) 
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Power: 115  or 230 volts + l o % ,  50 to 60 Hz, 45 watts 

+20 V power supply: output at rear T N C .  

Discriminators: same as 5202L. 

Functions 
Check: totalize internal source of approx. 80 kHz when 

START button is depressed. 

Specifications, all models 

Printer output 
Output: 4-line BCD (1-2-1-8)  code, “1” state negative stan- 

dard;  (1-2-4-8 code, “1” state positive or 1 - 2 - 2 - 1  code, “1” 
state positive opt ional) .  

Impedance: 100 k ohms each line. 
Positive state level: + 18 volts. 
Negative state level: -8 volts. 

Reference levels: + 17.6 V, 350-ohms source impedance. 

Print command: +28 volt step, from 2700 ohms in series 

Hold-off requirements: externally applied + 5  V to -6 V. 
Printer output connector: 50-pin Amphenol 57-30500, rear. 

-6.9 V, 1000-ohm source impedance. 

with 470 pF. 

Physical 
Registration: 6 long-life rectangular digital display tubes 

Dimensions: 16%” wide, 3-15/32” high, 111/4”deep (426 

Weight: 18 Ibs (8,2 kg)  net; 23 Ibs (10,4 kg)  shipping. 

Accessories furnished (5201L, 5202L and 5203L): two HP 
10519A Cables, 6’ long, B N C  connectors; circuit board ex- 
tenders; detachable power cord. 

with display storage. 

x 88,2 x 286 m m ) .  

Prices: 5201L, $1950; 5202L, $1400; 5203L, $950. 

5202L 
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Advantages: 
Low drift  characteristics 
Premium resolution and stability 
Built-in high gain amplifier 
Completely sealed 

Hewlett-Packard scintillation detectors utilize selected 
sodium iodide (thall ium activated)crystals and photomulti-  
plier tubes as integral assemblies. These  assemblies com- 
bine efficient scintillators for  gamma ray detection with 
photomultipliers having the best l ight collection char- 
acteristics. A solid-state amplifier, with sufficient gain and 
pulse shaping characteristics to directly drive a single chan- 

T h e  HP scintillation detectors are available in both solid 
2nd well configurations, with 2 x 2 and 3 x 3 NaI (TI) 
crystals. A magnetic shield is utilized in all detectors, 
which maximizes protection f rom external ac and dc  mag-  
netic fields. T h e  entire assembly is sealed against moisture 
in a stainless steel case. A TNC connector is used for the 
low-voltage power supply input,  a high-voltage B N C  con- 
nector is used for  the high-voltage power supply input,  and  
a B N C  connector fo r  the signal output.  A focus control 
and three-position selector switch ( f o r  selecting: long  t ime 
constant; short  time constant, X1 gain; short time constant, 
XI0 ga in)  are accessible on  the detector assembly fo r  op -  

ne1 analyzer without a linear amplifier, completes the scin- 
tillation detector. 

timizing measurements. 

Typical Detector 

Crystal: NaI (TI), 
Typical output: 

Long Time Constant (LTC) 0.30 V/hlEV. 
Short Time Constant, Gain 10: 1.8 V/MEV. 
Short Time Constant, Gain 100: 18 V/hfEV. 
(Detector at 25"c, High Voltage 1000 V.) 

Magnetic field effects: 
AC: < *0.5% change in pulse height ( 2  gauss rms), 

< + O . l %  change in resolution ( 2  gauss rms) 60 Hz. 
DC: < +-0.5% change in pulse height ( $ 7 2  gauss field). 

Amplifier 
High voltage input: 2000 V (max.), 7.35 me$ (approx.). 

Low voltage input: +20 V at 2 1  mA ( +  2 5  V max. input). 

Typical output pulse shape @ 25'C: 
LTC 0.25 psec rise time-constant, 12.5 psec fall time-constant. 

30 psec fall time, peak to 0 volts. 

3 psec fall time, peak to 0 volts. 

constant, 3 psec fall time, peak to  0 volts. 

Gain: XI0  0.25 psec rise time-constant, 1 psec fall time-constant. 

Gain: XI00 0.25 psec rise time-constant, 1 psec fall  time- 

Specifications 
All Models 

Maximum no load output: 
LTC - 4  volts 
x 1 0  T 1 0  1oIts 
XlOO -10 \o1ts 

Output impedance: 5OR nominal 

Physical 
FOCUS control: to adjust photomultiplier tube for optimum gain 

Connectors: 

and resolution. 

Low voltage: TNC cnnnector (female). 
High voltage: high voltage BNC connector (female). 
Signal output: Bh'C connector (female). 

Gain switch: 3-Position Slide Switch: 
LTC: Long Time Constant. 
X10: Short Time Constant, Gain 10. 
X100: Short Time Constant, Gain 100. 

Magnetic shield: internal between integral assembly and case. 

Case: stainless steel. moisture proof. 

Accessories furnished: one HP 10517A cable 6' long, TNC 
connectors. 
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Weight Net 
Shipping 

Price 

Specifications 
Individual 

8 Ibs (3,6 kg) 5 Ibs (2,3 kg) 8 Ibs (3,6 kg) 5 Ibs (2 ,3  kg) 8 Ibs (3,6 kg) 5 Ibs (2,3 kg) 
12 Ibs (5,4 kg) 15 Ibs (6,8 kg) 12 Ibs (5,4 kg) 15 Ibs (6,8 kg) 12 Ibs (5,4 kg) 15 Ibs (6,8 kg) 

$835 $1475 $885 $1565 $885 $1565 

T h e  HP LModel 10615A contains the excellent 
preamplifier and amplifier used in H P  Scintilla- 
tion Detectors. Special-purpose, high-perform- 
ance detectors can be quickly assembled by plug-  
g ing  a suitable lo-s tage photomultiplier tube 
and phosphor  assembly into the recessed socket 
of the 10615A.  T h e  unit  is compatible with HP 
Scalers and H i g h  Voltage Supplies. Dimensions: 
2.95 in. ( 7 5  mrn) diameter, 6.25 in. ( 1  58 m m )  
long. Price, S295. 

Connection and Switch Position View for  HP 
10600A Series Scintillation Detectors and for  
HP 10615A Preamp-Amplifier. 
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POWER SUPPLY. LEAD SHIELD 
Highly stable, convenien! HV power supply 
Models 5551A, 10650A 

5551A Power Supply 
The Hewlett-Packard Model 55 5 1A High-Voltage Power 

Supply is designed to supply the high voltage ( 1  70 V to 
1615 V requirements of the photomultiplier in a gamma 
scintillation detector assembly. High stability and broad 
voltage range (voltage ranges are overlapped with an ac- 
curate vernier adjustment) make this instrument valuable 
in numerous other experimental and laboratory applications. 

The 555 1A utilizes standard components operating well 
within their design range. This, coupled with conservative 
overall design means long, trouble-free operation, plus ease 
of maintenance. Safety design features minimize inadvertent 
contact with high voltages, 

Model 551A is an ideal instrument for applications where 
high stability with low current and high voltages is required. 

This instrument is packaged in Hewlett-Packard's modu- 
lar cabinet, allowing quick and easy conversion from bench 

.to 19" rack configuration. 

Specifications, 5551 A 
Electrical 

Output voltage: 170 V to 1615 V. 
Polarity: positive or negative (selectable). 
Output current: 1 m A  max. 
Output impedance: < 2 0  k:. 
Line regulation: *0.01% for *IO% line change. 
Ripple: <0.005% rms or 1 5  mV (whichever is larger). 
Power: 115 or 230 volts *IO%, 60 Hz, 50 watts (50  Hz \,ersion 

available upon request, no charge). 
Physical 

Weight: net 20 Ibs (9 , l  kg) ; shipping 2 5  Ibs ( 1  1,3 ks). 
Dimensions: 163/4" wide, 3-3/16" high, 111/4'' deep ( 4 2 6  x 97 x 

286 mm) .  
Connectors: high voltage BNC connector, rear, Stabilizer input 

telephone jack, rear (mating connector, 2-conductor, 125 1- 
0067; Switchcraft, Inc. 280). Can accept voltage from an ex- 
ternal stabilization system (normally in the range 0 * 100 volts). 

Accessories furnished: one HP 10516A high-voltage cable, 6 f t .  
long, high-voltage BNC connectors; detachable power cable. 

Price: $350. 

5551A HV power supply 

h 

10650A 

10650A lead shield 
The H P  Model 10650~4 provides the equiva- 

lent of 2-inch lead shielding in all directions to 
lower background count with the 10611A and 
1061 3A well-type scintillation detectors. Low 
porosity virgin lead is used with a brass outer 
case and stainless steel inner liner. The counter- 
balanced lid has hole sizes of 5/s in. (16 mm) 
and '/s in. ( 2 8  mm) for introducing test tube 
or solid samples. A lever permits raising the de- 
tector during removal. Maximum weight is 375 
Ibs. The shield is in two sections for easy han- 
dling. Dimensions: 7y2 in. (190 mm) diameter, 
18% in. (475 mm) long. Price, $455. 
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PHYSICAL MEASUREMENT -- I TEMPERA TURE, I 

The  measurement of temperature, 
strain, pressure, force, torque, displace- 
ment, acceleration, and many other phys- 
ical effects involves all of the elements 
discussed below. 

Measurand, the structure or medium 
that is subjected to or transmits the phys- 
ical effects to a transducer. 

Transducer, translates the physical ef- 
fect to an electrical signal, or signal 
change, with or without the aid of ex- 
citation power from the signal condi- 
tioner. 

Signal conditioner, provides the power 
and auxiliary controls that are needed 
to obtain a voltage output, which is a 
known function of the transducer-sensed 
effect, that is suitable for measurement 
and recording. 

Recorder. The transducer signal be- 
comes useful only when it has been re- 
corded in a form suitable for evaluation. 
The  two basic forms of recording are 
analog recording, usually done on a strip 
chart recorder, and digital recording. 
Digital recording involves digitizing the 
transducer signal and recording it in com- 
puter compatible format on punched 
cards, punched paper tape, or magnetic 
tape. The  2010, 2013, 2015, and 2017 
Digital Da ta  Acquisition Systems (pages 
84, 86, 87,  9 2 )  are digital recorders. 

Temperature transducers 
The  most commonly used temperature 

transducers are thermocouples, resistance 
thermometers, and thermistors, in that 
order. 

The  thermocouple is a junction of two 
dissimilar conductors. Heating of the 
junction causes a small voltage to be 
developed across it, as a function of tem- 
perature. This thermally generated volt- 
age is the thermocouple output. The re- 
sistance thermometer is basically a resis- 
tive element made of a pure metal, usual- 
ly nickel, platinum or copper. Resistivity 
of the sensing element increases with 
temperature. Thermistors are solid semi- 
conductors, usually consisting of fused 
metal oxides, carbon, or other com- 
pounds, that decrease in resistance with 
increased temperature. Thermocouples 
offer the advantages of low cost and 
operation over wide temperature ranges 
( u p  to 1000°C spread for some thermo- 
couple junctions). Resistance thermom- 
eters are more costly than thermo- 
couples, but offer far greater accuracy 
and resolution, as well as operation over 
wider temperature ranges (platinum 
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sensing elements are accurate from -200 
to + 1000°C).  Though the negative re- 
sistance-temperature coefficient of ther- 
mistors is about ten times the positive co- 
efficient of resistance thermometers, ther- 
mistors are much less accurate and are 
useful only over a small temperature 
range because of their very non-linear 
response to temperature. The resistance 
variation, with temperature, of resistance 
thermometers and thermistors can be con- 
verted to output voltage by using dc sig- 
nal conditioning, discussed later. 

Quartz thermometry 
Quartz thermometry is an entirely dif- 

ferent temperature measurement tech- 
nique. The transducer is a small disc of 
quartz that operates, within a protective 
probe housing, as a piezoelectric resona- 
tor for  a sensor oscillator. The  resonant 
frequency of the quartz crystal varies 
with heating or cooling of the probe such 
that the frequency of the sensor oscillator 
output signal is a linear function of tem- 
perature. The sensor oscillator is incor- 
porated into a complete measurement 
system that includes a reference oscilla- 
tor and a mixer. The reference frequency 
is mixed with the sensor oscillator fre- 
quency to cancel frequency offset. The 
mixer output is summed by counters that 
display the sensed temperature as a direct 
digital readout in "C  or OF. The  counters 
also provide a bcd output for recording 
temperature readings in computer com- 
patible format. 

Over the range of -80 to + 2 5 0 " c  
(-112 to +482"F)  the quartz ther- 
mometry technique pioneered by Hew- 
lett-Packard offers simple operation com- 
bined with measurement resolution to 
0.0001". A variety of temperature sens- 
ing probes are available, and are capable 
of withstanding high pressures. The 
standard probes may be connected to the 
sensor oscillator through up to 1000 feet 
of coaxial cable, and may be operated up 
to one mile away with the addition of 
accessory amplifiers. A special oceano- 
graphic probe, available for temperature 
measurement at depths to 22,000 feet,in- 
corporates sensor and reference oscilla- 
tors and the mixer in one high pressure 
housing. 

Strain gage transducers 
The strain gage is a resistance element, 

usually metallic, that changes resistance 
when it is strained, or deformed as a re- 
sult of being stressed. The basic applica- 
tion of the strain gage is stress measure- 

ment, in which strain gages are bonded 
(or otherwise suitably coupled) to a 
specimen that is to be stress-tested. The 
strains that develop in the specimen dur-  
ing stress testing are transmitted to the 
strain gages, causing them to change re- 
sistance. 

Just as important as stress measure- 
ment are other applications of the strain 
gage technique. In these applications, 
strain gages coupled to carefully de- 
signed and calibrated response elements 
are used to measure pressure, force, 
torque, and other physical effects that are 
convertible to strain. Strain gage resis- 
tance changes can be converted to output 
voltage by using dc signal conditioning. 

DC signal conditioning 
The most basic signal conditioning re- 

quirement of thermoresistive and strain 
gage transducers is excitation power, to 
convert their changes of resistance to a 
voltage output. The excitation is usually 
connected across a bridge circuit, in 
which the transducer forms one, two or 
four active arms. Bridge completion re- 
sistors must be provided when a transdu- 
cer forms only one or two active arms of 
the bridge. 

O t h e r  s ignal  cond i t ion ing  requi re -  
ments are a bridge balance adjustment 
potentiometer and provision for single 
or double shunt calibration, in which 
calibration resistors shunted across one 
or opposite arms of the bridge simulate 
the resistance change that would be 
caused by a specific magnitude of physi- 
cal effect sensed by the transducer. Wi th  
the calibration circuits activated, the ex- 
citation level is set to calibrate the out- 
put signal level to be produced by sens- 
ing of the actual effect. Finally, the signal 
conditioning may provide output atten- 
uation, which is used to "normalize" the 
output signal to simplify system setup. 

The 2480 Series Signal Conditioning 
Equ ipmen t  described on page  5 6 2  
not only meets all of the signal condi- 
tioning requirements, but sets perfor- 
mance standards and offers convenience 
features that are completely unique. N o w  
data system users can get every item 
needed for most physical measurements 
( excep t  t r a n s d u c e r s )  f r o m  H e w l e t t -  
Packard. The advantages are obvious: 
single source procurement, superior per- 
formance throughout the physical mea- 
surement system, and high-quality de- 
pendable equipment backed world-wide 
by Hewlett-Packard service facilities. 
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The method of temperature sensing employed in the 2500A.' 
2801A Quartz Thermometers is based on  the sensitivity of the reso- 
nant frequency of a quartz crystal to temperature change. 

Temperature range of the 2500A/2801A Quartz Thermometers 
is -80 to f250'C (-112 to 1482'F). The quartz thermometer is 
considerably more linear than a platinum resistance thermometer: * ,05% of span from -40 to -L2502C compared Xvith a typical fig- 
ure of * , 5 5 %  for the same range for platinum thermometers. 
Linearity of the quartz thermometer is superior to that of thermo- 
couples and thermistors, which have an exponential characteristic. 
The excellent sensing characteristics of the quartz thermometer are 
supplemented by the ad\-antages of direct digital readout (no bridge 
balancing, or reference to resistance or voltage-temperature tables 
or cui-es) ,  immunity to noise and cable resistance effects, no refer- 
ence junction, and good interchangeability between sensing probes. 

The 2SOOA is equipped with one probe, measures over a fixed 
sample time and provides a 4-digit readout and recording output. 
Resolution is 0.1"C or F (optionally 0.01') .  

The 2801A is equipped with t\vo sensing probes for measuring 
temperature at either probe or the difference between the two. A 
6-digit visual readout and recording output with a choice of push- 
button-controlled sample times provides resolution of 0.01, 0.001 
or 0.0001"C or F. Signal polarity indication is provided. The 2501A 
includes the capability for operation as a 300 kHz electronic counter. 

Temperature sensing probes 
Various standard probe configurations are available for the 2800AI 

2801A Quartz Thermometers. Probes from the 2850 series are fur- 
nished with the quartz thermiimeter. Outline dra\vings for all models 
appear at right. 

Remote operation of probes 
Each temperature sensing probe has a quartz-crystal which is 

resonant at a frequency dependent upon temperature, and is driven 
by a 2530A Sensor Oscillator. The oscillator is a transistorized device 
enclosed in a small die-cast aluminum housing. They are normally 
installed in the 2500A/2501A flush-mounted in a front panel recess. 
A 12-foot cable connects each probe to i t s  associated sensor probe; 
this cable forms part of the tuned circuit and cannot be altered 
in length. However, the sensor oscillators may be unplugged from 
the instrument and connected to it by standard 75-ohm coaxial cable 
up tn 1000 feet in length, with no loss in measurement accuracy. 

A special probe configuration has been designed for oceanographic 
temperature measurements. The 2S32A Temperature Sensor Assem- 
bly combines a sensor crystal. reference crystal, oscillator, and mixer 
circuits within a cylindrical aluminum pressure case. 

The 2832A can be submerged in the deepest portions of the ocean 
(around 36,000 feet) without special cables or booster amplifiers. 

Multi-channel applications 
Temperatures sensed by up to 10 probes can be conveniently mea- 

sured on a 2SOOA/2501A Quartz Thermometer with the addition 
of a 2540A Sensor Selector (described in a separate data sheet). 
The 2840A has front panel recesses (similar to those on the quartz 
thermometer) for 10 sensor oscillators. Automatic sequential mea- 
surements of up to 60 probes is possible with a 2915A Thermometer 
Scanner, in conjunction with a 25OOA/2501A Quartz Thermometer. 

Applications of the Quartz Thermometer to the Chemical Industry. 
The 2801A Quartz Thermometer, with its direct. precise digital read- 
out and recorder output for  example, permits coni enient measure- 
ment of freezing point depression or boiling point elei.ation of a 
solution. From this the molecular weight of the solute can be cal- 
culated. Use o f  the quartz thermometer in this manner is described 
in Application Note 75-2, ai ailable from Hewlett-Packard on request. 

/ 
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Specifications 2800A and 2801A 

Temperature range: -80 to +25O'C (-112 to -4S2"F \vith 
Option h i l ) ,  

Calibration accuracy: thermometer-probe combination calibrated at 
factory to within .02'C (.04"F) absolute, traceable to  NBS. 

Linearity: -40 to -250°C. Better than .15"C ( .27 'F)  referred to 
best f i t  straight line through O'C; -50 to O'C. Better than .05'C 
( .09'F) referred to same line as above; 0 to +1OO"C. Better than 
.05'C ( .09"F)  referred t o  best f i t  straight line through O'C. 

Stability: 
Short term: short term stability of 2SOOA is better than 5 .01 ', 

and 2801A is better than *.0001'. 

Long term: zero drift less than t . 0 1 ' C  (.018'F) at constant 
probe temperature for 30 days. 

Ambient temperatur.e effect: 
2500A: less than .Ol'C o\er  ambient range ( 0  to +55"C): 
?SOIA: l t ss  than .001'C per 'C change in ambient. 

Display: 
2SOOA: 4-digit in-line readout in "C, or OF. Decimal point and "C 
( ' F )  indication included; 2501A: 6-digit in-line readout in C', 
or 'F .  Decimal point, 'C ( ' F ) ,  and polarity indication included. 
Readout and units indication in kc in counter mode of operation. 
Storage feature holds display bet\veen readings. 

Digital recorder output: BCD, 4-2'-2-1, positive-true, for each 
displayed digit. decimal point (exponent), polarity, and operating 
mode 

External programming: 
Measurement initiation: circuit closure to ground. Probe selec- 

tion and resolution (2810A onl:?): T I ,  T2, or TI-T2 and .01, 
,001, o r  .00015 resolution selected by external circuit closures 
to ground. 

Counter operation: 
Model 2801A only: Frequency Range: 2 Hz to 300 kHz; Resolu- 

tion: 10, 1, and 0.1 Hz; Sensitivity: 0.5 to 10 V rms: Input 
Impedance: Ihf. 50 pF shunt; Gate Time (sample period) : 
0.1, 1 and 10 sec. 

Power required: 2800A: 115/230 V = I O % >  50 to 60 Hz, 65 W? 

Instrument environment: ambient temperatures from o to -C 55'C 

2801A: 1151'230 V * l o % ,  50 to 60 Hz, 55 W', 

($32 to +130 'F) ,  at relative humidity to 95% at 40'C. 

Weight: 2800A net 20.5 Ib (9,2 kg), shipping 3 3  Ib (15,O k g ) ;  

Dimensions: 3-15/32" x 16-5/16" x 19" (85 x 414 x 453 m m ) .  

Price: hfodel 2SOOA Quartz Thermometer, including one 2530 
Sensor Oscillator and one 2550 series Temperature Sensor, $ 2 , 2 5 0 :  
hIodel 2501A Quartz Thermometer, including two 2 S 3 0  Sensor 
Oscillators and two (matched) 2550 series Temperature Sensors, 
$3.250.  

2S01A net 22 .5  Ib (10,1 kg), shipping 3 5  Ib (15,9 kg) .  

Specificat ions 283 1 A amplifier 
Gain: 40 tlB approx. from 28 to 29 RiHz. 

Power required: + 1 2  to +20 V dc, at 8 niA approx 

Operating conditions: -20 to +70'C (-4 to t 1 5 8 ' F ) .  Case is 
sealed and may be totally immersed (to depth of 1 or 2 feet) in  
nonreacti\ e fluids. 

Dimensions: overall length (including connectors) 4 inches ( 102 
mm) approx. Width is 1-3/16 x 1-3/16 inch (30  x 30 mm).  

Weight: net wt 4 o z  ( 110 gm) : ship wt 8 oz ( 2 3 0  gin) ,  

Price: Model 2831A Oscillator Amplifier, $100.00. 

Specifications 2832A oceanographic sensor 

Temperature range: 
Calibrated range: -2 to +40'C (+28  to +104"F).  

Resolution: ,001"C (.0018"F) corresponds to 1 Hz (nominal) 
change in output frequency. 

Linearity: within *02'C of best straight line from -2 to 140"C 
passing through 0°C. 

Stability: 
Short term: jitter is'less than 50 x 10-GcC ( .05 millidegree) 

with 2832A Assembly completely immersed in environment. 

Long term: drift is less than * .01"C per month 

Response time: response to abrupt change in temperature of water 
flowing past sensor at 2 fps: 63.2% of final value in 3 seconds; 
99.0% of final value in 16 seconds; 99.9% of final \slue in 24 
seconds. 

Output signal: 1000 Hz (nominal, t 2 0  Hz) per "C; Zero fre- 
quency output at 0°C is standard. Optional outputs available on 
request. 

Level: 0.2 V rms minimum into 100 ohms. 

Power required: + 1 2  to $15 V dc, at 2 5  mA maximum supplied 
from external source. 

Power supply sensitivity: output frequency changes less than 1 
Hz for 1 V dc change in supply voltage. 

Pressure case rating: 10,000 psi (equi~aient to ocean depth of 
22,500 feet). 

Weight: net 1 Ib 6 oz (0,62 k g ) ;  shipping 4 Ib (1,8 kg) 

Price: hfodcl 2832A Temperature Sensor Assembly, $1,950.00. 

Specifications 2833A temperature sensor 

Temperature range: -50 to +125"C (-112 to +257'F)  

Response time: response to abrupt change in temperature of water 
flowing past sensor at 2 fps: 63.2% of final value in 3 seconds; 
99.0% of final value in 16 seconds; 99.9% of final value in 2 4  
seconds. 

Output signal: 
Frequency: 28.2 hfHz nominal at 0°C. 0.25 V rins apprux. 

Power required: $12 to - 15 V dc, at i o  mA approx 

Pressure case rating: 10,000 psi (equivalent to  ocean depth of 
22,500 feet). 

Weight: net wt 8 oz (227 gin) ;  ship wt 2 lb (0.9 kg), 

Price: hiodel 2833A Temperature Sensor Assembly, $750.00. 
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T h e  2480 Series of Signal Conditioning Modules provide 
the necessary dc excitation and signal conditioning (operating, 
balancing and calibrating components) for strain gage trans- 
ducers, resistance temperature bulbs, and other types of re- 
sistive transducers. 

The  following units are available: 
2480A D C  Excitation Source 
2481A Resistance Bridge 
2482N Monitor Function Selector 
2480K Excitation Coupler 
12521A Combining Case 

Operating, balancing and calibrating Components and con- 
trol circuitry for 1, 2 ,  or 4-active arm transducers are provided 
by the 2481A Resistance Bridge. This unit can be installed 
together with a 2480A D C  Excitation Source in a single, com- 
pact instrument case, illustrated above. This arrangement pro- 
vides each transducer channel with its own independent power 
supply, which may be operated either in a constant voltage or 
constant current mode, simply by setting a switch. The  excita- 
tion source also has a novel "Linear" mode (switch-selectable) 
providing exceptional linearity for single active arm bridges. 

An alternate arrangement, in which many transducer chan- 
nels can be excited by one external power supply, is ob- 
tained with a 2480K Excitation Coupler in each single condi- 
tioning module in place of the 2480A D C  Excitation Source. 
Local control of excitation level, with switch-selectable constant 
voltage or constant current operation, is available as a standard 
option for the 2480K Excitation Coupler. A system employing 
one power supply for a number of transducers can be converted 
at  any time to a power supply-per-channel arrangement, be- 
cause the 2480K Excitation Coupler and 2480A D C  Excitation 
Source modules are interchangeable, and the 2481A Resistance 
Bridge can simply be unplugged from one module and plugged 
into the other. 

Housed in a similar signal conditioning module, the 2482N 
Monitor Function Selector enables excitation voltage or current, 
or transducer signal voltage, to be selected for monitoring by 
an external voltmeter. 

Installed in an optional combining case, ten signal condition- 
ing modules can be rack-mounted side by side, using only 5%" 
of vertical rack space. 

/ 

2480 Specifications 

Constant voltage mode: output 0.1 to 30 V dc, continuously 
adjustable; ( 0  to 200 m A ) .  

Noise output: the total noise output due to ripple, and thermal 
noise is 220 PV max. and 177 PV min. 

Regulation: load regulation: change in output  voltage for load 
current change of 200 m A  is <600 PV a t  30 V output ;  line 
regulation: change in output voltage for line voltage 
change is <600 PV at  30 V output. 

Constant current mode: output compliance: 0 to 24 V (0  to 
200 m A ) .  

Noise output: total noise output due to ripple, and thermal 
noise is 3.6 PA max. and 3.0 PA min. 

Regulation: load regulation: change in output current for 
resistive load change from 0 to 3 k ohms is < l o  PA at  200 
mA output ;  line regulation: change in output current for 
2 1 0 %  line voltage change is < l o  PA at  200 mA output, 
reducing to 3 ,PA at 1 mA output. 

Linear mode: (this mode of operation is suitable for bridge 
configuration with 3 arms fixed and 1 arm variable). 

Excitation voltage: voltage across bridge 0.1 to 30 V .  

Noise output: the total rms noise due to ripple, injected current 
and thermal noise is 3.6 PA niax. and 3.0 PA min. 

Regulation: load regulation: change in current through bridge 
sensing arm, as variable arm is changed through permissible 
range is < l o  PA at  200 mA; line regulation: change in cur- 
rent through bridge sensing arm for 2 1 0 %  line voltage 
change is < l o  PA at  200 mA. 

General specifications 

Environmental conditions: ambient temperature: operating: 0 
to +55"C; non-operation: -40 to +75"C; relative hu-  
midity; operating non-operating: to 95%, + 2 5  to +40°C.  

Power required: 115/230 V &lo%, 50 to -100 Hz. Power con- 
sumption approximately 8.5 W at  full load. 

DC isolation: 1010 ohms minimum for sense leads, excitation 
leads or signal leads to ground or ac line. 

Guard: capacitance (guard shield connected ) : capacitance be- 
tween circuitry within guard shield and ac power line or 
ground, 10 p F  max.; breakdown: guard shield to ac power 
line or ground, 500 V dc minimum. 

Price: Model 2480A D C  Excitation Source (installed in com- 
bining case) and 2481A Resistance Bridge, approx. $355 
per channel. Individually: 2480A Excitation Source, $245 ; 
2480K Excitation Coupler, $35 ; 2481A Resistance Bridge, 
$65; 2482N Monitor Function Selector, $125; 12521A Com- 
bining Case, $500. 
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Delcon Ultrasonic Translator detectors 
are the first lightweight, low cost devices 
to provide instantaneous translation of 
ultrasonic energy to the audible range. 
Since their introduction in early 1961, 
their applications have spread from their 
initial use of maintaining pressure systems 
to utilization on vacuum systems, locating 
high-voltage breakdown and electrical 
corona, troubleshooting operating fluid 
power systems, pinpointing engine de- 
fects, making possible preventive main- 
tenance, analysis of engines and motors, 
and other industrial uses. 

In the Delcon Vltrasonic Translator de- 
tector a transducer pickup in the probe 
responds primarily to a 36 to 44 kHz 
bandwidth  - the  bandwidth  of pro-  
nounced intensity in all mechanical and 
electrical phenomena tested to date. Since 
we are not interested in sounds in the 
audio frequency range, the output of the 
transducer is subjected to a band pass fil- 
ter which effectively removes all sounds 
below 1 5  kHz. W e  are then free to con- 
vert the ultrasonic noises which occur be- 
tween 36 kHz and 44 kHz; we hereodyne 
this band of frequencies with an oscilla- 
tor having a frequency of 40 k H t  By 
proper sideband selection and filtering, 
our study band becomes a new group of 
frequencies between 30 Hz and 5 kHz 
within our peak hearing range. The rela- 
tive timbre of sounds is preserved so that  
it is possible to analyze the amplitude 
and characteristics of the received ultra- 
sonic signals. 

Unlike other ultrasonic test equipment, 
these portable devices are passive; they 
are responsive to  ultrasonic energy pro- 
duced by external forces. The  flow of air 
molecules escaping from a leak in a pres- 
sure system releases ultrasonic energy as 
the higher velocity molecules collide with 
those in the atmosphere. Bearings emit 
ultrasonic energy in proportion to their 
wear. Fluid power systems at work emit 
ultrasonic energy. 

The  Delcon principle of ultrasonic de- 
tection and translation employs two inter- 
changeable transducers - the 2 2  degree 
directional probe for ultrasonic energy 
transmitted through the atmosphere, and 
the contact probe for ultrasonic energy 
conducted through solids. The  diagrams 
on this page indicate the versatility of 
both industrial and scientific applications. 

Pressure and vacuum leak 
detection 

The sonic energy produced by the tur- 
bulence that occurs in the transition from 

HYDROGEN HELIUM NITROGEN OXYGEN ACETYLENE 
4.001 c l4.OO/c 2.801~ 2.601~ 4.001~ 

21 .oo 73.50 14.00 13.50 27.00 

laminar to turbulent flow of a gas pro- 
vides a detectable and measurable quan- 
tity that makes practical the use of this 
fundamental property of gases for leak 
detection and location. Figure 1. illus- 
trates these conditions in a simple way. 
The ultrasonic method of leak detection 
depends upon these conditions being ful- 
filled at least in part. As with other nat- 
ural phenomena, sharp lines of demarca- 
tion are difficult to establish; however, 

rr 

ORIFICE LEAK - 
Figure 1 

experience has shown that  orifice-type 
leaks are easily detected at  distances up to 
and beyond I00 feet. Diffused or laby- 
rinth-type leaks do  not generate the re- 
quired turbulence conditions and conse- 
quently are not readily detected ultra- 

3 
10 

sonically: Figure 2 .  shows what is meant 
by a labyrinth-type leak. 

Locating high pressure leaks 
As can be seen from Tables 1 and 2 ,  

there are compelling monetary reasons 
for maintaining the integrity of pressure 
distribution systems. Of course, leakage 
in poisonous, noxious or explosive gas 
systems is motivation itself for immediate 
location and repair. 

Ultrasonic leak detection units have 

/ 
63.00 220.00 44.00 41 . O O  82.00 
210.00 730.00 140.00 135.00 270.00 

LOW PRESSURE 

HIGH PRESSURE 

Figure 2 

been employed with considerable success 
for several years in the maintenance of 
wide variety of gas pressure systems. This 
section contains general recommendations 
for the use of ultrasonic leak detection in 
high pressure systems and some sugges- 
tions in specific applications. 

Table 1 

I 30 

HOLE SIZE ( i n c h e s  i n  d i a m e t e r )  

2.00 9.00 35.00 140.00 

A N N U A L  COST OF ELECTRICITY TO M A I N T A I N  
ONE LEAK IN A COMPRESSED AIR S Y S T E M  

( e l e c t r i c i t y  r a t e s  $ . 0 2 / K W H )  

Table 2 

I 30 ( 1  630.00 I 2200.00 I 440.00 I 410.00 1 820.00 I 
I 100 11 2100.00 1 7300.00 I 1400.00 1 1350.00 I 2700.00 1 

ANNUAL COST OF SUPPLYING ONE L E A K  

FROM COMPRESSED GAS CYLINDERS 
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The Contact Probe was developed one 
year after the Ultrasonic Translator detec- 
tor. Previous field usage with the air- 
borne probe had indicated the feasibility 
of detecting ultrasonic energy occurring 
within metallic structures. However, the 
airborne probe is unable to detect this 
energy unless the metallic surface is light 
enough to be oscillated mechanically by 
the acoustic energy. Thin-wall tubing or 
sheet metal structures are typical ex- 

amples. Heavier metallic structures such 
as cast fluid power components and gener- 
ally all engine structures such as heads 
and bearing housings readily conduct ul- 
trasonic acoustic energy. However, the 
mass of the structure prohibits its rever- 
berating sufficiently to rebroadcast the 
acoustic energy through the atmosphere. 

The  ability to hear a distant train by 
putting your ear to the railroad track pro- 
vides a good analogy of the conductance 

THICK WALL DAMPENS SIGNALS 
/ W I L L  N O T R E - T R A N S M I T  SOUNDS. 

U S E  CONTACT 
PROBE HERE 

. 

ENERGY. 

.-- - - /  

THIN WALLVIBRATE? -.- - - I 
RE-TRANSMITTING 

ENERGY. 

TRANSFORMER / OR S IMILAR CASE. 

0 

ON OF 

SOURCE OF ENERGY 

Figure 2. 

CONTACT 
‘ ION. 

of metallic mass. In this case, your ear is 
acting as a ‘contact probe’. This very 
phenomenon proves valuable in the prac- 
tice of ultrasonic detection. Since the Con- 
tact Probe cannot respond to acoustic 
energy of any level transmitted through 
the atmosphere, its detection is limited 
strictly to ultrasonic energy released 
within the metal structure. For the main- 
tenance engineer, this means his inspec- 
tion is immediately pinpointed to his pre- 
cise area of interest. Furthermore, this 
knowledge of the precise inspection point 
allows repetitive, comparative inspections. 
(See Fig. 1 ) .  Fig. 2 portrays a typical 
example of the utilization of the Contact 
Probe. 

How the contact probe works 
The 11-centimeter length of the stain- 

less steel stylus of the Contact Probe was 
selected after extensive research by Del-  
con engineers and government research 
organizations. This precise length was 
selected both to provide access to hydrau- 
lic system components and also as a func- 
tion of the wave length of a 40 kHz acous- 
tic signal. 

The  Contact Probe stylus responds to 
the mechanical vibration conducted from 
the ultrasonic source through the struc- 
ture, This mechanical energy is in turn 
transmitted through the stylus to a crystal 
within the probe housing. The crystal 
transducer converts the mechanical energy 
into an electrical signal. Solid-state cir- 
cuitry within the probe amplifies the sig- 
nal for introduction to the ultrasonic 
translation electronics within the basic 
instrument. 

Currently ultrasonic detection using the 
contact probe is typically used in the fields 
of: 

1 ) Fluid power systems 
a )  troubleshooting techniques 

2 )  Engine maintenance 
a ) troubleshooting techniques 
b )  predictable maintenance programs 

with the use of auxiliary readout 
equipment 

3 )  Locating high voltage breakdown not 
visually observed 

4) Preventive maintenance and on the 
spot analysis of bearings and other 
components of rotating machinery 

5 )  Friction analysis, strength of materials 
testing and other advanced applica- 
tions. 
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U LTRASO N IC TRANS LATO R 
Locates leaks or friction in seconds 

Models 4917A, 4905A 

Ultrasonic translater detector Model 4905A 

The 4917A is Underwriters' Laboratories, Inc. Listed, for use in 
Hazardous Locations Class I, Group D. This light-weight, portable 
instrument is designed for ultrasonic detection in laboratories, chem- 
ical plants, petroleum refineries, military installations and industrial 
facilities where intrinsically safe equipment is required or desirable. 

Worn by a neck strap, the miniaturized 4917A is ideal for field 
use and in close quarters where maximum portability is desired. 

Construction: rugged aluminum chassis and case; stainless steel 
hardware used throughout; Mil-Spec printed circuit board; quick- 
access battery compartment; detachable cabinet sideplates for 
servicing. 

Circuitry: broad-range 4.5 volt transistorized circuit. Circuit gain 
controlled by single knob. Separate ON-OFF switch. 

Frequency response: translates frequencies between 36 and 44 
kHz into audible sounds; other sounds within audio range are 
screened out. 

Probe and coil cord: hand-held; shielded against RF interference; 
output impedance 180 ohms; transistorized pre-amplifier: conical 
response degrees at 3 dB points. Supplied with a six-foot 

Ultrasonic translator detector Model 4905A 
This lightweight, portable device is designed expressly for use 

in applications requiring a high degree of mobility. Offering opera- 
tors hands-free efficiency, the 4905A has a built-in speaker making 
it ideal for hard-hat requirements. The reference meter is positioned 
on top of the instrument for easy viewing. The design of the 4905A 
is simple and functional. An untrained operator can use it efficiently 
after reading the detailed instructions on the cabinet. In addition. 
sturdy construction keeps the 4905.4 performing faithfully, year 
after year, despite very rough handling. 
Construction: rugged aluminum chassis and case; stainless steel 

hardware throughout; Mil-Spec printed circuit board; quick access 
battery compartment; detachable cabinet sideplate for servicing. 

Circuitry: broad-range 4.5 V transistorized circuitry with RF filter 
provides 100 dB dynamic range: circuit gain controlled by a 
single knob. 

Frequency response: translates frequencies between 36 and 44 
kHz into audible sounds; other sounds within audio range are 
screened out. 

Probe and coil cord: hand-held; shielded against RF interference: 
output impedance 180 ohms; transistorized pre-amplifier; conical 
response 3- 11 degrees at 3 dB points. Supplied with a six-foot 
coil cord emDlovine latch-lock connectors. Less than 1 dB loss - _ _  2 , -  

coil cord employing latch-lock connectors. Le3s than 1 dB loss when used with a 100-foot connecting cable 

Model 4917A Model 4905A 

when used with a 100-foot connecting cable. Probe size: l?/a" 
diameter x 6%'' long, including protective monel-screened cap. 
Power to probe supplied through cord from main unit. 

Meter: ultrasonic sound intensity measured by output meter; sealed 
and gasketed to lock out dirt and contaminants; scale length 1.75 
inches; linear calibration (0.100) on upper scale for logging 
relative measurements; lower scale calibrated from 0-30 dB. 

Temperature range: oscillator stability * 15 Hz, and signal to 

Headset: 10 milliwatts into 600 ohm matched headset. One volt 

System weight: 6 Ibs (2,72 k g ) ;  shipping weight: 9 Ibs (4,1 kg) .  

Battery information: three Ex eready E-12 (Mercury type) 

Battery life: 360-500 hours 

Price: Delcon 4917A, $575. 

noise ratio with * 1 dB from 0-55 degrees C. 

RMS minimum. 

Delcon 72007 Contact Probe available as optional accessory at $150 
additional. 

Probe size: 1 3 / "  diameter x 6%" long, including protective 
monel-screened cap. Power to probe supplied through cord from 
main unit. 

Meter: ultrasonic sound intensity measured by output meter; sealed 
and gasketed to lock out dirt and contaminants; scale length 1.75 
inches; linear calibration (0-100) on upper scale for logging rela- 
tive measurements; lower scale calibrated from 0-30 dB. 

Speaker: incorporates 2.5 inch speaker; sealed against moisture: 
nominal power to speak 25 mW,  

Temperature range: oscillator stability i 15 Hz, and signal to 
noise ratio within 

Headset jack auxiliary 600 ohm output headset jack. 
System weight: 6 Ibs (2,7 k g ) ;  shipping weight: 8 Ibs (3,6 kg) .  
Battery information: three Eveready E-12 or equivalent (hler- 

cury type), 
Battery life: 360-500 hours. 
Price: Delcon 4905A, $ 5 9 5 .  

dB from 0-55 degrees C. 

Delcon 72007 Contact Probe is available as optional accessory, 
$150 
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Ultrasonic translator detector model 4918A/118 
The 4918A is Underwriters’ Laboratories, Inc. Listed, for use in 

Hazardous Locations Class I, Group D. This lightweight, portable 
instrument is designed for ultrasonic detection in laboratories, chem- 
ical plants, petroleum refineries, military installations and industrial 
facilities where intrinsically safe equipment is required or desirable. 

The instrument’s laboratory performance and rugged construction 
coupled with convenient features such as the built-in loudspeaker and 
sound level meter makes the 4918A ideally suited for research and 
shop use as well as production testing applications. 

The Model 118 is identical in design to 4918A except the latter 
does not have a recorder output jack, therefore the 118 is not listed 
for use in hazardous locations Class I, Group D. 

Model 72007 contact probe 
Recommended uses: 

Locating internal hydraulic leakage 
Locating internal gas leakage within valves 
Detection of corona and arcing within transformers and sealed 

Inspection of bearings and merchanical devices 
electrical components 

Circuitry: incorporates pre-amplifier circuit; output impedance 180 

Construction: stainless steel transducer housing and sensing stylus. 
System weight: net 17 oz (,46 k g ) ;  shipping 2 Ibs (,91 kg).  
Price: Delcon P/N 72007, $150. 

ohms; frequency response 36-44 kHz. 

72004 

2304,005 

Construction: rugged aluminum chassis and cabinet with detach- 
able front cover with operating instructions and accessory storage. 
Mil-Spec printed circuit boards; outside quick access battery 
compartment. 

Circuitry: broad-range 4.5 volt transistorized circuitry with RF filter. 
Hermetically-sealed power switch. 

Frequency response: translates frequencies between 36 and 44 
kHz into audible sounds; other sounds within audio range are 
screened out. 

Probe and coil cord: hand-held probe shielded against RF inter- 
ference; output impedance 180 ohms; transistorized pre-amplifier; 
conical response i 11 degrees at 3 dB points. Supplied with a 
six-foot coil cord employing latch-lock connectors. Less than 1%’’ 
diameter x 6%” long, including protective monel-screened cap. 
Power to probe supplied through cord from main unit. 

Meter: ultrasonic sound intensity measured by output meter; sealed 
and gasketed to lock out dirt and contaminants; scale length 1.75 
inches; linear calibration (0.100) on upper scale for logging 
relative measurements; lower scale calibrated from 0-30 dB. 

Speaker: incorporates 4 x 6 inch speaker; power to speaker 400 
mW. 

Temperature range: oscillator stability t 15  Hz, and signal to 
noise ratio within * 1 dB from 0-55 degrees C. 

Headset jack: auxiliary 60O-ohn1 output headset jack. Headset 
furnished as standard. 

System weight: net 11 Ibs ( 5  kg) ; shipping 14 Ibs (6,4 kg) , 
Battery information: three Eveready E-42 (mercury type). 
Battery life: 500-700 hours. 
Price: Delcon 4918A, 5850; Delcon 118, $850. 

Model 72007 Contact Probe available as optional accessory at $150. 

/ 

additional. 

Accessories 
Recommended uses: 

Locating gas pressure and vacuum leaks 
Locating corona sources 
Analyzing friction sounds 

Circuitry: incorporates pre-amplifier circuit; output impedance 180 
ohms; conical response *11 degrees at 3 dB points; frequency 
response 36-44 kHz. 

Construction: non-ferrous construction: Mil-Spec printed circuit 
board. 

System weight: net 11 oz (0,33 k g ) ;  shipping 2 lbs (0,91 kg) .  
Price: Delcon P/N 72004, $150. 
Other accessories: 

18017A Headset, 600-ohm. 
System weight: 1 Ib (0,45 k g ) ;  shipping: 2 lbs (0,91 kg) .  
Price: $27.50. 
74009 Cord: Probe interconnecting, coiled, 6-foot. 
System weight: 1 lb (0,45 k g ) ;  shipping: 2 Ibs (0,91 kg) .  
Price: $12.50. 
74013 Cord, Probe interconnecting, 2 5  foot. 
System weight: 1 Ib (0,45 k g ) ;  shipping: 1 Ib (0,45 kg) .  
Price: $13.50. 
03000 Focusing Extension for 72004 Probe. 
System weight: 8 02 (0,23 k g ) ;  shipping: 1 Ib (0,45 kg).  
Price: $3.00. 
2304.005 Screened Cap for 72004 Probe. 
Shipping weight: 1 Ib (0,45 kg) . 
Price: $3.00. 
60007.10 Shoulder Strap (Installed at factory or shipped as kit) 

for hfodels 118 and 4918A. 
Shipping weight: 1 Ib (0,45 kg) .  
Price: $10.00. 
18019A Leather Utility Carrying Case. 
System weight: 1 Ib (0,45 k g ) ;  shipping: 4 Ibs ( 1 8 2  kg).  
Price: $25.00. 
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Special features 
Precision signal attenuator consisting of a continuous 

attenuator and a 10 dB/step attenuator 
Selection of sample times from . I  sec to 3 sec 
Selection of relay on times from .1 sec to 3 sec 
Provision for integrating the signal to allow detection of 

signals in the presence of noise or to decrease the effect 
of fast transients 

Built-in loudspeaker 
Recorder output 
Oscilloscope output 
Operates from 115,430 V ac - 50/60 Hz power 

General 
The Delcon 4950A Ultrasonic Translator is an instrument 

designed for production testing. It automatically detects ultra- 
sonic energy in the 36 to 44 kHz range with sampling times 
as frequent as 150 per minute. 

The  solid-state device provides rapid assembly line quality 
control procedure in which the following typical defects are 

56-44 k H z  

1 r e 5 o A  BLOCK D I A G R A M  

determined ultrasonically: leaks in pressure and vacuum sys- 
tems and components; excessive friction in bearings and other 
close tolerance mechanisms; corona discharge and high voltage 
breakdown in transformers, capacitors and insulators. 

The 4950A embodies alarm circuitry which actuates a relay 
whenever the intensity of the translated signal indicates trigger 
level on the front panel meter. By means of the built-in signal 
attenuator, the signal required to trigger the alarm can be set 
to any level in a 105 dB range above the instrument noise level. 

4950A 

Specifications 
Input: uses Delcon wide range probes which respond to ultra- 

Signal attenuator: step /dB: 10 dB/step attenuator over 90 
dB range. Accuracy k '/2 dB/step. Fine: Continuously 
adjustable over a range of 2 0  dB. 

Gate modes: continuous: instrument operates as a normal 
ultrasonic detector. Whenever the signal exceeds the trigger 
level, the relay is actuated. 

Trigger: instrument requires a trigger signal to open a gate in 
the meter circuit. The  gate stays open for a preset gate time 
and then closes automatically. If the ultrasonic signal exceeds 
the trigger level while the gate is open, the relay is actuated. 
The  required trigger signal is a momentary contact closure. 

Gate length: length of gate can be preset to 0.1, 0.3, 1.0, or 3.0 
seconds. (This  also sets the integrating time in the integrate 
mode.) 

Non-integrate: response of the instrument is directly propor- 
tional to the ultrasonic signal. 

Integrate: response of the instrument is proportional to the 
integral of the ultrasonic signal. 

sonic noises in the band of 36-44 kHz. 
Alarm modes: alarm length: Length of time the relay is actu- 

ated can be preset to 0.1, 0.3, 1.0 or 3.0 seconds. 

Non-latch: relay is actuated whenever the signal is above the 
trigger level and drops out when the signal is below the 
trigger level. Hysteresis is approximately 2 dB. 

Latch: relay is reset by pushing alarm light switch when signal 

Audio: has 2 watt audio amplifier, with a built-in loudspeaker. 

Auxiliary outputs: oscilloscope: 1.0 V RMS output for full 
scale meter deflection. Recorder: 1.0 V dc output for full 
scale meter deflection. Phones: Internal loudspeaker is dis- 
abled when earphones are connected. 

level drops below trigger level. 

Temperature: operating temperature range 0-55 degrees C. 

Physical characteristics: dimensions 16%" wide, 5 Vf'' high, 
11%" deep. System Weight :  18 lbs (8,26 k g ) .  Shipping 
Weight :  23 Ibs (10,4 kg). 

Power: 105 to 125 or 210 to 250 volts, 50 to 60 Hz, 15 watts. 

Price: Delcon f950A, $1475. 
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Figure 1. Full rack width cabinets stack one atop the other. 

Figure 2. Standard configurations include cabinets one.third 
and one-half full rack width. Accessory handle 11057A is 
shown on half-width instrument. 

Figure 3. H P  1051A Combining Case. 

Figure 4. Here one HP instrument, one Harrison Division 
instrument and two Dymec Division instruments are mounted 
in an H P  rack adapter frame. 

T h e  Hewlett-Packard modular enclosure system provides 
a complete solution to instrument packaging and mounting 
problems. T h e  system is in accord with EIA standard rack 
and panel dimensions, yet each enclosure is equally well 
suited to bench or field use. 

T h e  matching enclosures offer an enviable combination 
of economy, strength and appearance. They  are rugged 
enough to  meet many of the stringent military require- 
ments and present a rich, professional appearance which 
enhances the value of the instrument, 

Two types of instruments 

Basically, instruments enclosed in the modular system fall 
into two classes: 

1. Those units which require the full EIA rack width.  
This  class of instruments mounts directly in racks 
with the two brackets and filler-strip included with 
the instrument. Feet and tilt stand also are provided 
with ful l -module instruments for  bench use, and the 
instruments can be stacked conveniently for  maximum 
utilization of available space. For semi-permanent 
stacking, joining brackets are available which effectively 
combine two instruments into a single physical unit .  
Control panel covers are also available for these instru- 
ments to protect them when they are transported. 

2. Those units which do  not  need the  ful l  rack wid th .  
These instruments are standardized at one-half or 
one-third the width of the full module. Because of 
their size, they are easily portable and can be used 
readily in the  field, as well as on the  bench Acces- 
sory handles 11 056A (one-third module)  and 1105 7A 
(one-half module)  are attached easily to these instru- 
ments for added handl ing convenience. In  addition, 
adapter frames are available to mount  these units in 
the  standard EIA racks. T h e  H P  l 0 5 l A ,  1052A Com- 
bining Cases also can be used for a multi-instrument 
package that is both portable and easily rack mounted  
with the hardware provided, Both combining cases 
and rack adapter frames use blank panels to fill areas 
not  used by instruments and accept one-third width 
drawers for  convenient storage of leads, probes, etc. 
Model  1052A Combining Cases also accept cooling 
kits to maintain proper  ambient temperature. 

Characteristic of both classes of modular instruments is 
ease of maintenance. T o p  and bottom covers, as well as 
side panels, are removable to provide access to all adjust-  
ments and test points within the  instruments. 
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5060-0827 

5060-0828* 

Specifications 

1051A Combining Case (see Figure 3) 
Accepts third- or half-module instruments up to 11%’’ 

(256 mm) deep. 

Dimensions: 16%’’ wide, 7%’’ high, 131/4” deep (425 x 
185 x 337 mm); hardware furnished for conversion to 
rack mount 19” wide, 6-31/32” high, 11%” deep be- 
hind panel (483 x 177 x 286 mm) .  

Weight: net 10 lbs (4,5 kg);  shipping 14 Ibs (6,3 kg).  

Price: HP 1051A, $110. 

5-7/32 133 $25.00 

6-31/32 171 $27.50 

1052A Combining Case (not shown) 
Accepts third- or half-module instruments up to 163/8” 

(416 mm) deep, 

Dimensions: 16%” wide, 7%’’ high, 18y8” deep (425 x 
185 x 467 mm);  hardware furnished for conversion to 
rack mount 19” wide, 6-31/32” high, 16y8” deep be- 
hind panel (483 x 177 x 416 mm). 

Weight: net 1 2  Ibs (5,4 kg) ;  shipping 17 Ibs (7 ,?  kg). 

Price: HP 1052A, $120. 

5060-0830 

5060-0831 

Rack adapter frame (see Figure 4) 
5060-0797 adapter to rack mount third- and/or half-mod- 

ule instruments up to 6-3/32“ high (155 mm), $25.  

5060-0808 adapter to rack mount third- and/or half-mod- 
d e  instruments up to 3” high (75 mm), $25. 

10-15/32 266 $30.00 

12-7/32 310 $32.50 

Modular enclosure accessories (see Figure 5) 
~ 

Control panel covers 
EIA panel height 

Part Number (in.) (mm) 

I 5060-0826 1 3-15/32 1 88 I $22.50 1 

1 5060-0829 I 8-23/32 1 222 1 $28.50 1 

Also fits HP 1051A and 1052A. 

Joining brackets (see Figure 7) 
5060-02 1 5  Joining Bracket Kit for semi-permanently 

joining any two full-module instruments 11%” (286 
mm) deep behind the front panel, $20. 

5060-0216 Joining Bracket Kit for semi-permanently join- 
ing any two full-module instruments 163/” (416 mm) 
deep behind the front panel, $25. 

Accessory handles (see Figure 2) 
11056A Handle for any one-third module instrument, $5. 
11057A Handle for any one-half module instrument, $5, 

Figure 5. Instrument covers quickly convert fulbwidth cab- 
inets to easily carried portable units. 

\ / Fill:? Panel--5060-0784 Filler Panel--50M-0795 

Filler Panel--5C€a-0793 Acceaaow Drawer--Wg0-0788 
8 3/32“ x 5 1/8 (155 x 130 mm). $8 

8 3/52 x 7 2 5 / 3 2  (195 x 198 mm).$7 8 3/32” x 2 3 1 / w  (155 x 63 mm), 85 

5 116  x 3 7 / 2  x 11” (130 x 89 x 279 mm). $17M 

Figure 6. Combining case accessories 

:igure 7. Joining brackets effectively weld instruments into 
3 single physical unit. 
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FUNCTIONAL INDEX E l  
AC Clip-on Current Probe . . . . . . . . . . . . . . . . . . . . . . . . .  

AC Power Supply, Tape Recorder 
AC Voltmeters . . . . . .  
AC to DC Converters 
AC/DC Range Unit . 
AC-to-DC Converters . . . . .  
AC/Ohms-to-DC Converter 
Accessories 

. . . . . .  .209, 462 

Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  508 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116 

. . . . . . . . . .  47,57 

. . . . . . . . . .  462 

Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118,119 
Sampling Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . .  437,440 
Spectrum Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  396 
Voltmeter . . . . . . . . .  , 208 

Acoustic Stethoscope . . 45 
Adapters 

BNC-to-Banana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209,462 
BNC-to-Binding Post . . . . .  . . .  330 
CATV 50 Ohm-to-75 . . . . . . . . . . . . . . . . . . . . . . . . . . .  443 
Oscilloscope Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . .  461, 462 
Oscilloscope, Vertical Test 
Rack, For Small Modular I 
Roll Chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Sweep, Slotted Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260, 261 
Waveguide, Square-to-Round Flange . . . . . . . . . . . . . . . . . . . .  271 
Waveguide-to-Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
Waveguide-to-Waveguide . . . . . . . . . . . . . . . . . . . . . . . . .  279 
X-Y-to-Strip-Chart Recorder . . . . . . . . . . . . . . . . . . . . . . .  11.8 

Adjustable Short, Waveguide . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 
Aircraft Electronic Test Equipment . . . . . . . . . . . . .  356-358 
Ammeters . . . . . . . . . . . . . . . . . . . . . . .  . . .  200, 205-207, 223 
Amplifiers 

Data . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  404-406 

Differential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  430, 431 

Distributed, Wideband . . . . . . . . . .  
Fast-Pulse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  410,411 
Galvonometer Driver 
General-Purpose, Stabi . . . . . . . . . . . .  408, 409 
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Pickup, Optical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529 

Standing Wave Indicator 

Stripline SPST Microwave 

. . . . . . . . . . . . . . . . . . . . . .  

Swept-Frequency Measurements 

SWR Meters 

. . . . . . . . . . . . . . . . . . .  
Tachometer 

Tape Recorder, Magnetic . . .  
Telemetering Signal Generato 
Telephone Accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46, 301 
Telephone Test Equipment, Technical . 

Telephone Test Set . . 
Telephone Voltmeter 
Temperature Monitor 
Temperature Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5 ,  560 
Terminations 

Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 
Synthesizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  548 
Waveguide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 ,279  

Test Leads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 ,462  
Test Oscillators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  324, 328 329 
Test Oscillators, Audio and Ultrasonic . . . . . . . . . . . . . . . . . . . .  305 
Test Sets 

Telephone Test Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  292 

Thermistor Mounts . 
Thermistor Mount Cal 

Time Base Plug-ins, Oscilloscope . . . .  432, 433,  438, 439,  451, 457 
Time Domain Reflectometer . . . . . . . . . . . . . . . . . . . . .  442 
Time Interval Measurement . . . . . . . . . . . . . .  98,  505, , 527 
Time Measuring Instrumentation . . . . . . . . . . . . . . . . . . . . .  534-542 
Time Measuring Instrumentation, Technical Information . . . . .  532 

Time Standards . . . . . . . . . . . . . . .  . . . . . . . . . .  536, 542 
Time Standards, Technical Informa . . . . . . . . . . . . . .  5 3 2  
Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98,  505, 518, 527, 554 
Trace Recorder, Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . . .  452 

60 ,  61 ,  144, 145 
. . . . . . .  510.512 

. . . . . . . . . . . . .  173 

. . . . . . . . . . . . .  330 

Time Scale Translator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  540 
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I FUNCTIONAL INDEX 

Transistor Test Jig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 1  
Translator, Frequency/Time Scale . . . . . . . . . . . . . . . . . . . . . . . .  540 
Transmission Line Test Set . . . . . . . . . . . . . . . . . . . . . . . . . .  288-292 
Triangle Generators . . . . . . . . . . . . . . . . . . .  

Tuners, Coaxial . . . . . . . . . . . . . . . . . . . . . . .  
Tuners,Wareguide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277 
Ultra Low Frequency Oscillator . . . . . . . . . . . . . . . . . . . . . . . . .  305 
Ultrasonic Medical Instrument . . . . . . . . . . . . . . . . . . . . . . . .  72, 73 
Ultrasonic Translator Detectors . . . . . . . . . . . . . . .  280-285, 563-567 
Universal Probe Carriage . . . . . . . . . . . . . . . . . . . . . . . . . . .  260, 261 
Univerter . . . . . . . . . . .  . . . . . . . .  . . .  3 5 5  
Untuned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260,261 
Up-Converter, Spectrum Analyzer . . . . . . . . . . . . . . . . . . . . . . . .  396 
Vacuum Tube Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  194 
Vapcr Pressure Osmometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Variable Attenuators . . . . . . . . . . . . . . . . .  . . . . .  330, 372-374 
Variable Persistence Oscilloscope . . . . . . .  
VCG System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70,71 
Vector Impedance hleter , , . . . . . . . . . . . . . . . . . . . . . . . . . .  242 
Vector Voltmeter . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  240,241 
Vectorcardiograph System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70, 71 
VHF Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Video Amplifier Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . . .  505, 523 
Video Amplifiers . . . . . . . . . .  . . . . . . . . . . . . .  411,412 
Video Test Oscilloscopes . . . . . . . . . . . . . . . . . . .  
Viewing Hood, Oscilloscope . . . . . . . . . . . . . . . . .  
Viscometer, Auto . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38,39  
Viso-Cardiette Electrocardiograph . . . . . . . . . . . . . . . . . . . . . .  46, 47 
Viso-Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54.55 
VITS Testing . . .  . ;  . . . . . . . .  . . . . . . . . . . . . . .  296 
VLF Comparator . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 40 

Voice Channel, Tape Recorders . . . . . . . . . . . . . . . . . . . . . . . . . .  
Voltage, Frequency Converters . . . . . . . . . . . . . . . .  
Voltmeter Accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  207, 208 
Voltmeter Calibration System 
voltmeter Calibrator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179 
Voltmeters 

Trigger Countdown . . , . , . . . . . . . . . . . .  

VLF Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  540 
157 

AC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Automatic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203, 219-223 
Battery Operated . . . . . .  . . . . . . . .  195,202 
D C  . . . . . . . . . . . . . . . . . . .  

Differential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 12-2  1 5  
Digital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219-233, 506 
Integrating . . . . . . . . . . . . . . . . . . . . . . . .  225-227 
RF, VHF 196-199, 240, 241 
Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  198,199 

Vector . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  240,241 
VOR Receiver Test Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  358 

Warranty . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  4 
Wave Analyzers 

Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . .  294, 295, 390, 391 
Technical Information . . . . . . . . . . . . . . . . . . . . . . . . . . . .  387-389 

Adapters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
Adjustable Shorts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 
Attenuators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Broadband Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  
. . . . . . . . . . . . . . . .  . . . . . . . . . .  

Technical Information 181-185, 210, 211, 216-218 

Wall Mounts, Patient Monitors . . . . .  . . . . . . . . . . . . .  57 

Waveguide 

. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  279 
. . . . . . . . . . .  260, 261 
. . . . . . . . . . . . . . .  273 

Directonal Couplers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276 
Flexible . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  269,270 
Frequency Meters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  530 

Low-Pass Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  272 
h'oise Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  385 
Phase Shifter . . . . . . . . . . . . . . . . . . . . . . .  277 

260, 261 
Shorting Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
Stands . . . . . . . . . . . . . . . . . . . . .  279 
Terminations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278,279 
Thermistor Mounts . . . . . . . . . . . . . . . . . . . . . . . . . .  378, 379, 381 

. . . . . . . . . . . . . . .  277 
Waremeter . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  356, 357 
Well Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  556 
Well Detector Shield . . . . . . . . . . . . . . . . . . . . . . . . .  55s 
Wide Range Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  322, 328 
WWVB Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  540 
X-Band Instrumentation . . . . . . . . . . . . . . .  269, 502, 510, 511, 513 
X - Y  Recorders 

. . . . . . . . . . . . . . . . . . .  100-108 Instruments . 
Technical Information . . .  99 

Loads, Moving . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  278 

. . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  
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MODEL NUMBER INDEX k l  
GT Series Dimensional Gaging Transducers . . 144. 145 
LVDT Differential Transformer Transducers . . . . . . . . . . .  144. 145 
FTA 1 Series Microforce Transducers . . . . . . . . . . .  60. 61. 144. 1 4 5  
2D-2 Series X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
2D-2A Series X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
2D-3 Series X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
H01-2D-3 X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
2FA Series X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
G-2 Null Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
F3B Line Follower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
TCS-3 Total Collection System . . . . . . . . . . . . . . . . . . . . . . . .  40, 41 
3-7 LYsyn Series Linear Velocity Transducers 
S1-4 Solid Sample Injector . . . . . . . . . . . . . . . . . . . . . . . . . . .  40. 41 
7DCDT Linear Displacement Transducers . . .  
10 Metabolism Tester . . . . . . . . . . . . . . . . . . . .  
APT 10 Series Applanation Transducers . . . . . . . . . . . . . . . .  60, 61 

TPS 10 Power Supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144 
24 DCDT Linear Displacement Transducers . . . . . .  
37P Series Temperature Probes . . . . . . . . . . . . . . . . .  
40D Keyboard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
50B Automatic Attenuator . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40, 41 
5 3  Battery Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130 
5 5  EEG/ECG Preamp1 
60 Backflush Valve . . 
74R Hemo-Diluter . . 
74W Hemo-Diluter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
75, 75X Blood Cell Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
80 Pyrolyzer . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  40, 41 
l O O E  Quartz Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  538 
1OlA 1 MHz Oscillator . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  538 
106A/B Quartz Oscillators . . . . . . . . . . . . . . . . . . . . . . . . . . .  535 

G V  10-11 Gas Sampling Valves . . . . . . . . . . .  40, 41 

11 5BFVCR Frequency Dividers and Clocks 
H20-115BR/CR Frequency Dividers and Clocks . . . . . . . . . . .  542 
116 (Delcon) Ultrasonic Translator Detector . . . . . . . . . . . . . . .  281 
117A VLF Comparator . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K10-117A Time Scale Translator . . . . . . . . . . . . . . . . . . . . .  
118 (Delcon) Ultrasonic Translator Detector . . . . . . . . . . . . . .  566 

H40JH41-120B Monitor Scopes . . . . . . . . . . . . . . . .  56 
122A/AR Dual-Trace 200 kHz Oscilloscope . . . . . . . . .  
130 Cardiac Output Computer . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
130C 200.,pV/cm Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . .  422 
0132/0133/0134 Step Recovery Diodes 
132A Dual Beam Oscilloscope . . . . . . . .  
135 Series X-Y Recorders . . . . . . . . . . .  
135A Series X-Y Recorders . . . . . . . . . . . . . . . . . . . . . . . . . .  102 
136A Series Two-Pen X-Y Recorders . . . . . . . . . . . . . . . . . . . . .  103 

120B 450 kHz Oscilloscope . . . . . . .  

140A Plug-in Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  426 
141A Plug-in Oscilloscope 
01 51/0152/0153/0154 Ste 
155A Programmable Oscillosco 
175A 50 MHz Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  448 

163 
180A/AR Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  454 
185 Carbon-Hydrogen-Nitrogen Analyzer . . . . . . . . . . . . . . . . . .  32 
190AQ Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 
i91A TV Waveform Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . .  297 
192A TV Waveform Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . .  298 
193A TV Waveform Oscilloscope . . . . . . . . . . . . . . . . . . . . . . . .  299 
l96A/B Oscilloscope Cameras . . . . . . . . . . . . . . . . . . . . . . . . . . .  462 
197A Oscilloscope Cameras . . . . . . . . . . . . . . . . . . . . . . .  71 . 73, 460 
200AB Audio Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . .  322,  323 
200CD Wide-Range Oscillator . . . . . . . . . . . . . . . . . . . . . . .  3 2 2 ,  323 
H20-200CD Low Distortion Wide-Range Oscillator 
200SR Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  322, 3 2 3  
201C Audio Oscillator . . . . . . . . . . . . . . . . . . . . .  
202A Low Frequency Function Generator . . . . .  
202C Low Frequency Oscillator . . . . . . . . . . . . . . . . . . . . . . . . .  323 
202H FM-AM Signal Generator . . . . . . . . . . . . . . . . . . . . . . . . .  353 
202 J Telemetering Signal Generator . . . . . . . . . . . . . . . . . . . . . .  354 
203A Variable-Phase Function Generator 
204B Portable Oscillator . . . . . . . . . . . .  
205AG, 206A Audio Signal Generators 
207H Univerter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5 5  
208A Test Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  324 
211A Signal Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  358 
2 1  I A  Square Wave Generator . . . . . . . . . . . . . . . . . . . . . . . . . . .  311 
21 IB Square Wave Generator . 
213B Pulse Generator . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  312 
214A Pulse Generator . . . . . . . . . . .  
215A Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  317 
216A Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  318 
218AR Digital Delay Generator . . . . . . . . . . . . . . . . . . . . . . . . .  314 
219A Dual Trigger Unit for 218AR . . . . . . . . . . . . . . . . . . . . .  314 
213B Dual Pulse Unit for 218AR . . .  . . . . . . . . . . . . .  314 
219C Digital Pulse Duration Unit for 218AR . . . . . . . . . . . . .  314 
220 Temperature Controller . . . . . . . . . . . . . . . . . . . . . . . . . . .  40, 41 
222A Pulse Generator . . .  
230A Signal Generator P er . . . . . . . . . . . . . . . . . .  413 
232A Glide Slope Signal Generator . . 
236A Telephone Test Oscillator . . . . . . . . . . . . . . . . . . . . . . . . .  292 
240 Temperature Programmer . . . . . . . . . . . . . . . . . . . . . . . . .  40, 41  
0240/0241/0242/0243 Step Recovery Diodes . . . . . . . . . . . . . . .  163 
241A Pushbutton Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  326 
250A RX Meter . . . . . . . . . . . . . . . . . . . .  251 
0251/0252. /0253/0254 Step Recovery Diodes . . . . . . . . . . . . . .  163 

267 Series Fluid Pressure Transducers . . . . . . . . . . . . . . . . . . . .  60 
268 Series Fluid Pressure Transducers . . . . . . . . . . . . . . . . . . . .  60 
270 Pressure Transducer . . . . . . . . . . . . . . . . . .  61 

0180/018 1/01 82/0183 Step Recovery Diode . . . . . . . . . . . . . . .  

. . . . . .  

260A Q Meter . . . . . . . . . . . . . . . . . . . .  2 5 2  
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I MODEL NUM6ERINDEX 1 , h O  
I I Y I  

280 Acoustic Stethoscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
281A/B Waveguide-to-Coaxial Adapters . . . . . . . . . . . . . . . . . .  279 
292A/B Microwave Adapters . . . . . . . . . . . . . . . . . . . . . . . . . . .  279 
297A Sweep Drive . . . . .  . . . . . . . . . . . . . . . . . . .  390 
299 Portable Thermal W r . . . . . . . . . . . . . . . . . .  128 
0300 Step Recovery Diode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163 
301 Portable Thermal Writing Recorder . . . . . . . . . . . . . .  128, 130 
301B Vapor Pressure Osmometer . . . . . . . . . . . . . . . . . . . . . .  34, 35  
301C Auxiliary Sample Chamber for Vapor Pressure Osmometer 40 
302A Wale  Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  390 
310A WaLe Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  391 
311A Transducer Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  391 
312A Wave Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  294 
H01-312A Wave Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  294 
31 3A Tracking Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  294 
320 Portable Thermal Writing Recorder . . . . . . . . . . . . . .  129. 130 
321 Portable Thermal Writing Reccrder . . . . . . . . . . . . . .  129, 130 
322,  322A Portable Thermal Writing Recorder . . . . . . . . .  129, 130 

H05-332A/334A FCC ApproLed Distcrtion Analyzers . . , , . . 233 
340B Noise Figure XIeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  384 
342A Noise Figure hleter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  384 
343A hToise Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  385 
345B Noise Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  385 
347A Noise Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  385 
349A Noise Source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  385 
350C/D 500/600n Attenuators . . . . . . . . . . . . . . . . . . . . . . . . . .  330 
350 Series Preamplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62, 63 
350-1500 W/350-15 Thermal Dilution System . . . . . . . . . . . . .  7 5  
353A Patch Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  288-289 
H02-353A Telephone Patch Panel . . . . . . . . . . . . . . . . . . . . . . .  289 
H03-353A Telephone Patch Panel . . . . . . . . . . .  

355C/D Attenuators, Step, Coaxial . . . . . . . . . . . . . . . . . . . . . . .  372 
362A Low-Pass Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  272  
373 Pulse Ware Adapter . . . .  . . . . . . . . . . . . . . . . . . . . . . .  47 
375A Variable Attenuator, W a  ide . . . . . . . . . . . . . . .  
382A/B/C Variable Attenuators, Precision, Waveguide , 

393A Variable Attenuator, Coaxial . . . . . . . . . . . . . . . . . . . . . . .  372 
3$4A Variable Attenuator, Coaxial . . . . . . . . . . . . . . . . . . . . . . .  372 
400D/H/L Vacuum Tube Voltmeters . . 
400E/EL High Accuracy AC Voltmeters . . . . . . . . . . .  185, 189 
400F/FL Fast Response AC Voltmeters . . . . . . . . . . .  190, 191 
400GL High Accuracy DB Voltmeter . . . . . . . . . . . . . . . . .  192,  193 
402 High Efficiency Gas Chromatograph . . . . . . . . . . . . . . . .  2 2 .  2 3  
403A/B AC Portable Voltmeters . . . . . . . . . . . . . . . . . . . . . . . .  195 
410B/C hiulti-Function Voltmeters . . . . . . . . . . . . . . . . . .  200, 201 
4l1A RF Millivoltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  197 

33 1A-334A Distortion Analyzers . . .  . , . . 392, 393 

354A Attenuator, Step, Coaxial . . . . . . . . . . . . . .  

412A D C  Voltmeter-Ohmmeter-Animeter . . . . . . . . . . . . .  204 

414A DC/OHhfS Autovoltmeter . . . . . . .  203 
413A D C  Null Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  187 

415B Standing Wave Indicator , , . , , , , . , . , , , , . , , . , , , . . , . , 255 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  257 

416B Ratio Meter . . . . . . .  
419A DC Null hleter/Ammeter . . . . . . . . . . . . . . . . .  175, 186, 187 
420A/B Crystal Detectors, 
42219 Crystal Detector, W a  
423A Crystal Detector, Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . .  273 
424A Crystal Detector, Waveguide . . . . . . . . . . . . . . . . . . . . . . .  273 
425A DC Microvolt-Ammeter . . . . . . . . . . . . . . . . . . . . . . . . . . .  205 
427A Voltmeter-Multi-Function, Battery Operated . . 
428B Clip-on D C  Milliammeter . . . . . . . . . . . . . . . . .  
430C iMicrowave hfeter . . . . . . . . . .  
431C Power hfeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  378 
434A Calorimetric Power Meter . . . . . . . . . .  . . . . . . . . . .  383 
440A Detector Mount . . . . . . . . . . . . . . . . .  
422B Detector Probe . . . . . . . . . .  
444A Untuned Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260, 261 
446B Broadband Detector Probe . . . . .  260, 261 
447B Untuned Probe 260,261 
448A Slotted Line Sweep Adapter . . . . . . . . . . . . . . . . . . . .  260, 261 
450A Stabilized Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  408 
456A AC Current Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  207 
457A AC-DC Converter . . . . . .  
460AR/BR Fast Pulse Amplifiers 
46lA General Purpose Amplifier . . . . . . . . . . . . . . . . . . . . . . . . .  411 

411 
463A General Purpose, Precision Amplifier . . . . . . . . . . . . . . . .  412 
465A General Purpose Amplifier . . 
466A General Purpcse Amplifier . . . . . . . . . . . . . . . . . . . . . . . . .  408 
467A Power and Voltage Amplifier 
476A Bolometer hlount, Coaxial . 
477B Thermistor Mount, Coaxial . . . . . . . . . . . . . . . . . . .  381 
47819 Thermistor Mount, Coaxial . . . . . . . . . . . . . . . . . . . . . . . .  378 
485B Detectnr hiounts, Waxeguide . . . . . . . . . . . . . . . . . . . . . . .  
486A Thermistor hiounts, Waveguide . . . .  
487B Thermistor hiounts, Waveguide . . . .  
4S9A-495A Microwave Amplifiers . . . . . . . . . . . . . . . . . . . . . . . .  414 
500B/C Frequency Meters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529 
500X/J Viso-Cardiette Electrocardiograph . . . . . . . . . . . . . . . . .  46 
500-601 Weather Cover . . . . . . . . . . . .  
500-1100 hiobile Cabinet . . . . . . . . . . .  
500-1200 hiobile Table . . . . . . . . . . . .  . . . . . . . . .  47 
501 Standard Membrane Osmometer , , . . . . . . . .  36,37  
502 High Temperature Membrane Osmometer . . . . . . . . . . .  36, 37 
503 Low Temperature iMembrane Osmometer . . . . . .  3 6 3 7  
506A Optical Tachometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529 
508A/B/C/D Tachometer Generators . . . . . . . . . . . . . . . . . . . .  529 
520A Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . .  
521A/C/D/E,/G Electronic Counter . . . . . . . . . . . . .  
522B Electronic Counter . . . . . . . . . . . . . .  . . . . . . . . . . . .  5 2 4  
523C/D Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 2 5  
524C/D Electronic Counter . . . . . . . . . . . . . . . . .  522 
525A/B,/C Plug-ins for 524C/D 
526A/B/C/D Plug-ins for 524C/D . . . . . . . . . . . . . . . . . . . . . .  5 2 3  
532A/B Frequency Meters, Waveguide . . . . . . . . .  530 

. . . . . . . . . . . . . . . .  . . . . . . . . .  

462A Fast Pulse Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

258 

. . . .  
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MODEL NUMBER INDEX # I  
536A Frequency Meter, Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . .  530 
537A Frequency Meter, Coaxial 
540B Transfer Oscillator , , . , 

560A Digital Recorder . . . . . . . . . . . . . . . .  . . . . . . . . . . .  97 
561B Digital Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
562A Digital Recorder . . . . . . . . .  . . . . . . . . . . . . . . . . . .  96 
563 Rapid Developer . . . . . . .  
565A Digital Recorder , , . , , . 
569B Viso-Scope . , , , , , . , , , , 

570A/571B Digital Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
580A/581A Digital-to-Analog Converter . . . . . . . . . . . .  98 

606A/606B HF Signal Generator . . . . . . . . .  . . . . . . . . .  334 
608C-608F VHF Signal Generator . . . . . . . . . . . . . . . . . . . . . . .  336 
612A UHF Signal Generator . . . . . . . . . . . .  . . . . . . . . . .  341 

5 8 5DT- 59 5DT Linearsyn Transducers 

614A UHF Signal Generator . , . , . , . 
616B UHF Signal Generator . . . . . . .  
618C SHF Signal Generator . . . . . . . . . . . . . . . . . . . . .  
620B SHF Signal Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  346 
623B/624C RF Test Set . . . . . . . . . . .  . . . . . . . . . . . . . . .  351 
626A/628A SHF Signal Generator . . 
651B Test Oscillator . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  328 
651-32 iMaster Two-S . . . . . . . . . . . . . . . . . . . . . .  . . . .  47 
652A Test Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  329 
658-2000 Galvanome Driver Amplifier . . . . . .  
658-2900 Low-Gain Amplifier . . . . . . . . . . . .  
658-3400 Medium-Gain Amplifier . . . . . . . . .  . . . . . . . . .  143 
680 Strip Chart Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
700 Series Gas Chromatographs and Accessories . . . . . . .  24, 2 5 ,  26 

111 

71 1A DC Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  
712B Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  491 
715A, 716B Klystron Power Supplies . . . . . . . . . . . . . . . . .  492 
721A Power Supply . . . . . . . . . . . . . . . . . . . . . .  
724BR Standby Power Supply . . . . . . . . . . . . . .  
725AR Power Supply . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  537 
735A DC Transfer Standard . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173 
738BR Voltmeter Calibrator . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179 
E02-738BR Voltmeter Calibration System 
740B DC Standard/DC Differential Voltme 
741B AC-DC Differential VoltmeterJDC Standard , . 176, 177, 213 
752 Series Directional Couplers, Waveguide . . . . . . . . . . . .  
760-3 Cardiotachometer Plug-in . . . . . . . . . . . . . . . . . . . . . . .  

760-53 Calibrated Temperature Bridge . . . . . . . . . . . . . . . . . .  60, 61 
760 Series Preamplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . .  62,63 
769A Viso-Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
774-6D-778D Dual Directional Couplers, Coaxial . . . . . . . . . . .  274 
775 Prep. Gas Chromatograph . . . . . . . . . . . . . . . . . . . . . . . . .  27, 28 
776 Prep. Gas Chromatograph . . . . . . . . . . . . . . . . . . . . . . . . .  29, 30 
780B Vis0 Monitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
780 Series Patient Monitoring and Resuscitation Instruments. 48-57 
X78 1A Directional Detector, Coaxial Input, Waveguide 

760-52 Rotary Platform . . . . . . . . . . . . . . .  . . . . . . . .  54 

output  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  274,275 

786/7D, 7SS/9C Directional Detectors, Coaxial . . .  
796/7D Directional Coupler, Coaxial . . . . . . . . . . . . . . . . .  274, 275 
798C Directional Coupler, Coaxial . . . . . . . . . . . .  

805C Slotted Line . . . . . . . . . . . . . . . . . . . . . . . . . . .  
809c Probe Carriage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 
810B Slotted Line, Waveguide . . . . . . . . .  . . . . . . . .  260 
814B Carriage, Prob 
815B Slotted Section, Waveguide . . . . . . . . . . . . . . . . .  260 
816A Slotted Section, Coaxial . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 
851B Spectrum Analyzer . . . . . . . . . . . . . . . . . . . . . . .  396 

801C Power Supply 

E01-851B Spectrum 
860-4300 Narrow-Band Differential DC Amplifier . . . . . . . . . .  406 
870A Slide-Screw Tuner, Waveguide . . . . . . . . . . . . . . . . . . . . . .  277 
872A Coaxial Slide-Screw Tuner . . . . . . . . . . . . . . . . . . .  277 
874A/B Calibrated Susceptance S . . . . . . . . . . . . . . . . . .  443 
885A Waveguide Phase Shifter . . . . . . . . . . . . . . . . . . .  277 
890A hIVR Power Supply . . . . . . . . . . . . . . . . . . . . . . .  484 
895A MVR Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  484 
907A Sliding Load, Coaxial . . . . . . . . . . . . . . . . .  278 
908A Low-Reflection Termi 1 . . . . . . . . . . . . . . . .  278 
909A Low-Reflection Termination, Coaxial . . . . . . . . . . . . . . . .  278 
910A/B Terminations, Coaxial . . , . , . 
X913A High-Power Termination, Waveguide . . . . . . . . . . . . . .  279 

920A/B Adjustable Shorts, Waveguide 
X923A hioving Short, Waveguide , , , 

X930A Shorting Switch, Waveguide . . . . . . . . . . . . . . . . . . . . . .  279 
P932A Harmonic Mixer, Waveguide . . . . . . . . . . . . . . . . . . . . .  265 
934A Harmonic Mixer, Coaxial . . . . .  . . . . . .  511 

938A Frequency Doubler Set . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 
940A Frequency Doubler Set . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 
958-1500 High-Gain DC Preamplifier . . 
958-2900 Medium-Low-Gain DC Preamp1 

142 
958-3600 Low-Gain DC Preamplifier . . . . . . . . . . . .  142 
1001/2/3/4/6 High Conductance Diodes . . . . . . . . . . . . . . . . . .  165 

914A/B Moving Loads, Waveguide . . . . . .  . . . . . . .  278 

958-3400 Medium-Gain DC Preamplifier . . . . . . . . . . . . . . . . . .  

1051A Combining Case . . . . . . . . .  . . . . . . . . . .  568, 569 
1052A Combining Case . . . . . . . . .  . . . . . . . . . .  568, 569 
1102B Accessory Kit . . . . . . . . . . . . . . . . . . . . . . . . . .  440 
1103ATriggerCountdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  440 
1104A/1106A Trigger Countdown . . . . . . . . . . . . . . . . . . . .  440 
1105A/1106A 20 psec Pulse Gener . . . . . . . . . . . . . . . . . . .  312 
111OA/1111A AC Current Probe/Amplifier . . . . . . . . . . . . . . .  453 
1116A-1118A Testmobiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  459 
K41-1118A Testmobile for MedicalScopes . . . . . . . . . . . . . . . . .  56 
11 i9A Testmobile . . . . . . . . . . . . . . . . . . . . .  
1280 Series Pressure Transducers . . . . . . . .  
1281 Series Pressure Transducers . . . . . . . . . . . . . . . . . . . . . . . .  144 
1400A Differential Amplifier for 140q/141A . . . . . . . . . . . . . .  430 
1401A Dual-Trace Amplifier for 140A/141A . . . . . . . . . . . . . . .  429 

1403A Guarded Differential Amplifier for 140A/141A . . . . . .  430 
1402A Dual-Trace Amplifier for 140A/141A . . . . . .  429 
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1405A Dual-Trace Amplifier for 140A/141A . . . . . . . . . . . . . .  429 
1406A High Sensitivity Amplifier for 140A/141A . . . . . . . . . . .  431 
1407A High Sensitivity Amplifier for 140A/141A . . . . . . . . . . .  431 
1410A Sampling Vertical Amplifier for 140A/141A . . . . . . . . .  436 
1411A Sampling Vertical Amplifier for 140A/141A . . . .  
1415A Time Domain Reflectometer for 140A/141A . . . . . . . . .  442 
1416A Swept Frequency Indicator for 140A/141A . . .  

1420A Time Base for 140&'141A . . . . . . . . . . . . . . . . . . . . . . .  432 
1421A Time BaseDelay Generator for 140A/141A 
1422A/1423A Time Base for 140A/141A . . . . . . . . .  
1424A Sampling Time Base for 140A/141A . . . . . . . . . . . . . . . .  438 
1425A Sampling Time Base and Generator for 140A/141A . . . .  439 
1430A/31A/32A Sampling Heads for 1411A . . . . . . . . . . . . . . .  435 
1 5  50A Oscilloscope Programmer . . . . . . . . . . . . . . . . . . . . . . . . .  447 
1506A Heart Sound Amplifier . . . . . . . . . . . . . . . .  
1507A Vector Programmer . . . . . . . . . . . . . . . . . . . . . . . . . . .  70, 71 
1520A Vector System for VCG . . . . . . . . . . . . . . . . . . . . . . . .  70, 71 
1750B Dual-Trace Amplifier for 175A . . . . . . . . . . . . . . . . . . . .  449 
1752A High-Gain Amp . for 175A . . . . . . . . . . . . . . . . . . . . . . . .  449 
1754A Four-channel Amp . for 175A . . . . . . . . . . . . . . . . . . . . .  450 
1755A Dual-Trace Amp. for 175A . . . . . . . . . . . . . . . . . . . . . . .  450 
1780A Auxiliary Plug-in for 175A . . . . . . . . . . . . . . . . . . . . . . .  451 
1781B Sweep Delay Generator for 175A . . . . . . . . . . . . . . . . . .  451 
1782A Display Scanner for 175A . . . . . . . . . . . . . . . . . . . . . . . .  452 
1784A Strip Chart Recorder Plug-in for 175A . . . . . . . . . . . . . .  452 
1801A Amplifier Plug-in for 180A . . . . . . . . . . . . . . . . . . . . . . .  458 
1820A Time Base for 180A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  457 
1821A Time Base and Delay Generator for 18OA . . . . . . . . . . .  457 
2010 Series Data Acquisition System . . . . . . . .  
2013 Series Data Acquisition System . . . . . . . . . . . . . . . . . . . . .  

2017 Linearizing System . . . . . . . . . . . . . . . . . . .  
2031 Digital Plotting System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
2 1  16A Computer, Instrumentation . . . . . . . . . . . . . . . . . .  83 . 8 8 ,  91 
2212A Voltage-Frequency Converter . . . . . . . . . . . . . . . . . . . . . .  2 3 5  
2301/2302/2303 Hot Carrier Switching Diodes . . . . . . . .  
2350 Hot Carrier Microwave Diode . . . . . . . . . . . . . . . . . .  
2365 Hot Carrier Microwave Diode . . . . . . . . . . . . . . . . . . . . . .  164 
2401C Integrating Digital Voltmeter . . . . . . . . . . . . . . . . . .  225-227 
2410B AC/Ohms Converter . . . . . . . . . . . . . . . . . . . . . . . . . .  80, 227  
2411A Guarded Data Amplifier . . . . . . . . . . . . . . . . . . . . . . .  81, 227 
2417A Data Linearizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
2460A Operational Amplifier . . . . . . . . . . . . . . . . . . . . . . . . .  407 
2461A Amplifier Plug-in . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  407 
2470A Data Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  403 
2480 Series Signal Conditioners 
2481A Signal Conditioner . . . . . . . . . . . . . . . . . . . . . . . . . . .  80, 562 
2482N Signal Conditioner . . . . . . . . . . . . . . . . . . . . . . . . . . .  80,  562 
2509A Digital Clock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
2515A Digital Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
2520 Hot Carrier Microwave Diode . . . . . . . . . . . . . . . . . . .  
2 5 2 6  Card Punch Coupler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 
2539A Digital Comparator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 

86 
2015 Series Data Acquisition System . . . . . . . . . .  . . . . . . .  87 

2545 Tape Punch Coupler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 3  
2546B iMagnetic Tape Coupler . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 
2550 Hot Carrier Microwave Diode . . . . . . . . . . . . . . . . . . . . . .  164 
256OA System Programmer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 2  

2565 Hot Carrierhficrowave Diode . . . . . . . . . . . . . . . . . . . . . . .  164 
2590B Transfer Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  510 
2602/2603 Hot Carrier hlicrowave Diodes . . . . . . . . . . . . . . . . .  164 
2650A/2654A iMicrowave Synchronizers . . . . . . . . . . . . . . . . . .  345 
2701A/2702A X - Y  Translator . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
2734B Tape Editor . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  94 
2800 Series Quartz Thermometer . . . . . . .  . . . . . . . . .  560, 561 
2900 Hot Carrier Commercial Diode . . . . . . . . . . . . . . . . . .  
2900B Input Scanner . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  80 
2901A Input Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SO 
2902A/B Slave Scanner . . . . . . . . . . . . . . . . . . . . . . . . .  
2911A/B Crossbar Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2911c Scanner Programmer . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82  
291SA Thermometer Scanner . . . . . . . . . . . . . . . . . . .  
29 1 1 C Scanner Programmer . . . . . . . . . . . . . . . . . . . .  
291SA Thermometer Scanner . . . . . . . . . . . . . . . . . . . . . . . . . . . .  560 
3001/3002 PIN Diodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
3101/3002 PIN Diodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
3200B VHF Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  340 
3201/3202 PIN Diodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
3211A Sweep Oscillator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  361 
3212A/3217A RF Plug-ins for 321 IA . . . . .  361 
3221A Marker Plug-in for 3211A . . . . . . . . . . . . . . . . . . . . . . . .  361 
3300A Function Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  307 
3301A Auxiliary Plug-in for 3300A . . . . . . . . . . . . . . . . . . . . . .  307 
3302A Trigger Phase Lock Plug-in for 3300A . . . . . . . . . . . . . .  308 
3304A Sweep/Offset Plug-in for 3300A . . . . . . . . . . . . . . . . . . .  308 
3400A True RMS Voltmeter . . . . . . . . . . . . . . . . . . . . . . . .  196, 234  
3406A RF Sampling Voltmeter . . . . . . . . . .  198, 199 
3420A/B DC Differential Voltmeter/Ratiometer . . . . . . . .  214, 2 1 5  
3430A 4 Digit Digital Voltmeter . . . . . . . . . . . . . . . . . . . . . . . .  219 
3439A Plug-in Digital Voltmeter . . . . . . . . . . . . . . . . . . . . . . . .  220 
3440A Plug-in Digital Voltmeter . . . . . . . . . . . . . .  86, 221 
3441A Range Selector for 3439A/3440A . . . . . . . . . . . . . . . . . .  2 2 2  
3442A Automatic Range Selector for 3439A/3440A . . . . . . . . .  2 2 2  
34434 High-Gain/Auto Range Unit for 3439A/3440A . . . . . .  2 2 2  
3444A D C  Multi-Function Unit for 3439A/3440A . . . . . . . . . .  223 

3446A AC/DC Remote Unit for 3439A/3440A . . . . . . . . . . . .  224 

3460B Digital Voltmeter . . . .  87, 228 ,  2 2 9  
H04-3460A Digital Voltmeter . . . . . . . . . . . . . . . . . . . . . .  232, 233 
3461A AC-Ohms/DC Converter/Preamplifier . . . . . . . . . .  230, 2 3 1  
3501 SPST Microwave Switch . . . . . . . . . . . . . . . . . .  . . . .  166 
3503 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
3504 SPST iMicrowave Switch . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
3505 SPST Microwave Switch . . . . .  
352SA Wide Aperture Probe for 428B . . . . . . . . . . . . . . . . . . . .  206 
3529A Magnetometer Probe for 428B . . . . . . . . . . . . . . . . . . . . .  206 

3445A AC/DC Range Unit for 3439A/3440A . . .  . . . .  224 

3459A Digital Voltmeter . . . .  . . . . . . . . . . . . . . . . . . . . . . .  229 
. . . . . . . . . . . . . . . .  
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MODEL NUMBER INDEX &I  
3530 SPST Microwave Switch . . . .  . . . . . . . . . . . . . . .  166 
3540 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
3550 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . .  166 
3550A Portable Test Set . . . . . . . . . . . . . . .  . . . .  288, 289 
3551 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
3555A Telephone Voltmeter . . .  . . . . . . . . . . . . . . . . . .  290, 291 
3570 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
3571 SPST Microwave Switch . . . . . . . . . . . . . . . . . . . . . . . .  166 
3580 SPDT iMicrowave Switch . . . . . . . . . . . . . . . . . . . . . . . .  166 
3604A Voice Channel for Tape Recorders . . . . . . . . . . . . . . . . .  157 

3734A Frequency Counter . . . . . .  
3735A Frequency Counter . . . . . .  
3900 Series Tape Recorders . . . . . . . . . . . . . . . . . . . . . . . . .  146.160 
3907B Magnetic Tape Recorder . . . . . . . . . . . . . . . . . . . . . . . . . .  150 
3907-04A Tape Loop Adapter . . . . . . . . . . . . . . . . . . . . . . . .  
3907-064 Voice Channel Amplifier . . . . . . . . . . . . . . . . . . . .  
3907-07A Input Signal Coupler . . . . . . . . . . . . . . . . .  151 
3907-11A Remote Control Module . . . . . . . . . . . . . . . . . . . . . . .  151 
3914B Magnetic Tape Recorder . . . . . . . . . . . . . . . . . . . . . . . . .  150 
3914-04ATape Loop Adapter . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 
3917-4 Magnetic Tape Recorder . . . . . . . . . . . . . . . . . . . . . . . . .  150 
3924A Magnetic Tape Recorder . . . . . . . . . . . . . . . . . . . . . . . . .  150 
3950 Magnetic Tape Recorders . . . . . . . . . . . . . . . . . . . . . .  155-160 

4104 Gallium Arsenide Infrared Source 
4106 Gallium Arsenide Infrared Source 
4107 Gallium Arsenide Infrared Source . . . . . . . . . . . . . . . . . .  168 
4201 PINPhotodiode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 
4203 PINPhotodiode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 
4204 PINPhotodiode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 

4205 PIN Photodiode . . . . . . . . . . . . . . . . . . . . . . . .  168 
4260A Universal Bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 
4301 Photon Coupled Isolator 
4303 Photon Coupled Isolator . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 

IN4456JIN4457 High Conduc 
4500 Multi-Channel Recording System . . . . . . . . . . . . . . . .  134, 1 3 5  

3680A AC Power Supply . . . . . . .  

3955A/B/C/D Magnetic Tape Recorders . . . .  155-160 

4204A Digital Oscillator . . .  3 2 5  

4310 Photon Coupled Isolator . . . . . . . . . .  168 

4501 Photochopper . . .  . . . . . . . . .  167 
4502 Photochopper . . .  . . . . . . . . .  167 

4504 Photochopper . . . . . . . . . . .  
4503 Photochopper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 

4505 Photomodulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167 
4506 Photomodulator 
4507 Photo Controlled . . . . . . . . . . . . . . . . . . . . . . . . . .  167 
4508 Photo Controlled Resistor . . . . . . . . . . . . . . . . . . . . . . . . . .  167 
4508BJBT Oscillograph . . . . . .  . 67 
4524B Eight-Channel Recording Subsystem . . . . . . . . . . . . . . . .  134 
4561B Oscillograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
4564B Oscillograph . . . . . . .  . . .  . . . .  67 
4564-01A Optical Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
4568B Oscillograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 

48OOA. 4801A Vector Impedance Meter . . . . . . . . . . . . . . . . . . .  242 
4815A RF Vector Impedance Meter . . . . . . . . . . . . . . . . . . . . . .  243 
4900A (Delcon) Cable Fault Locator . . . . . . . . . . . . . . . . . . . . .  284 
4901A (Delcon) Cable Fault Locator . . . . . . . . . . . . . . . . . . . . .  284 
4905A (Delcon) Ultrasonic Translator Detector . . . . .  
4910B/C (Delcon) Open Pair Locator . . . . . . . . . . . . . . . . . . . .  285 
4917A (Delcon) Ultrasonic Translator Detector . . . . .  
4918A (Delcon) Ultrasonic Translator Detector . . . . .  
4950A (Delcon) Ultrasonic Translator Detector . . . . . . . . . . . .  567 
5050A Digital Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
5060A Cesium Beam Frequency Standard . . . . . . . . . . . . . . . . .  534 
E20-5060A Cesium Beam Frequency Standard . . . . . . . . . . . . . .  536 
K02-5060A Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . .  

537 
5100A Frequency Synthesizer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  546 

5103A Frequency Synthesizer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  549 
5105A Frequency Synthesizer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  544 
5110A/B Frequency Synthesizer Driver . . . . . . . . . . . . . . . . . . .  548 
5201L Scaler-Timer . . . . . .  
5202L Scaler-Timer . . . . . .  . . . . . . . . . . . . . . . . . . . .  554 
5203L Scaler-Timer . . . . . . . . . .  
5 2  10A/B Frequency Meter/FM Discriminator . . . . . . . . . . . . . .  528 
5211A/B Electronic Counters . . . . . . . . . . . . . . . . . . . . . . . . . . .  514 
H22-5211B Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . .  514 
5212A Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 5  
5214 L Preset Counter . . 
5223L Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  516 
5232A Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 5  
5233L Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  516 
5244 L Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  507 
5245L Electronic Counter . . . . . . . . . . . . . . . .  
5246L Electronic Counter . . . . . . . . . . . . . . . .  
5251A Frequency Converter Plug-in . . . . . . . . . . . . . . . . . . . . . .  502 

5253B Frequency Converter Plug-in . . . . . . . . . . . . . . . . . . . . . .  502 
5254B Frequency Converter Plug-in . . . . . . . . . . . . . . . . . . . . . .  502 
5255A Frequency Converter Plug-in . . . . . . . . . . . . . . . . . . . . . .  502 
5258A Prescaler Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  506 
5260A Automatic Frequency Divider . . . . . . . . . . . . . . . . . . . . . .  5 1 2  
5261A Video Amplifier Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . .  505 
5262A Time Interval Plug-in . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505 
52644 Preset Unit Plug-in . . . .  
5265A Digital Voltmeter Plug-in . . . . . . . . . . . . . . . . . . . . . . . .  506 
5275A Time Interval Counter . . . . . .  
5280A Reversible Counter . . . . . . . . .  
5285A Reversible Counter Plug-in . . . . . . . . . . . . . . . . . . . . . . .  520 
5512A Electronic Counter 
5532A Electronic Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 5  
5551A Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  558 

5601A Numerical Readout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
5636 RF Test Set . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5085A Standby Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5102A Frequency Synthesizer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  519 

5252A Prescaler Plug-in . . . . . . . . . . . . . . .  506 

5552A Spectrum Scanner . . . . .  . . .  
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5700A Series Industrial Recorders . . . . . . . . . . . . . . . . . . . .  112, 113 
5750 Series Gas Chromatographs and Accessories . . . . . . . . . .  18-2 1 

5801A Single Channel Electrometer . . . . . . . . . . . . . . . . . .  18-21 

5802A Electron Capture Detector . . . .  . . . . . . . . . . . . . . . .  18-21 

5803A Electron Capture Detector . . . . . . . . . . . . . . . . . . . . . .  22,  2 3  
5804A Cross-section Detector . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 ,  2 3  
5810A Add-on Oven for Model 776 . . . .  
590 1 B Auto-Visccmeter . . . . . . . . . . . . . .  . . . . . . . . . . . .  38, 39 
5903~4 Programmer Printer . . . .  . . . . . . . . . . . . . . . . . . .  38, 39 
5910A Constant Temperature Bath . . . . . . . . . . . . . . . . . . . . .  38 . 39 
6101A-6116A STB Power Supplies . . . . . . . . . . . . .  
6177A-6186A CCB Power Supplies . . . . . . . . . . . .  
6200B-6209B LAB Power Supplies . . . . . . . . . . . . . . . . . . .  470, 471 
6220B-6226B hIPhI Power Supplies . . . . . . . . . . . . . . . . . . . . . .  473 
6251A-6258A DPR Power Supplies . . . . . . . . . . . . . . . . . .  174, 475 
6260A-6274A LVR Power Supplies . . . . . . . . . . . . . . . . . .  482, 483 

6282A MPB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474 . 475 
6281A MPB-3 Power Supply . . . . . . . . . . . . . . . .  . . 474.475 

6284A MPB-3 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 4 7 5  
6285A LMPB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 475 
6286A LIPB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 475 
6289A bIPB-3 Power Supply . . . . . . . . . . . . . . . . . . . .  474.475 
6290A MPB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 475 
6291A iMPB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 475 
6294A MPB-3 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474,  475 
6296A h1PB-5 Power Supply . . . . . . . . . . . . . . . . . . . . . . . .  474, 4 7 5  
6299A RIPB-3 Power Supply . . . .  : . .  . . . . . . . . . . . . . .  474, 475 
6343A-6357A AIOD Power Supplies . . . . . . . . . . . . .  488, 489 
6384A-638SA ICs Power Supplies . . . . . . . . . . . . . . . .  450, 481 
6427B-6448B SCR-IP Power Supplies . . . . . . . . . . . . . . . . . . . .  485 
6450A-6459A SCR-3 Power Supplies . . . . . . . . . . . . . . . . . . . . .  486 
6463A-6483B SCR-10 Power Supplies . . . . . . . . . . . . . . . . . . .  487 
6515A-6516A HVB Power Supplies . . . . . . . . . . . . . .  
6521A-6525A HVR Power Supplies . . . . . . . . . . . . . . . . . . . . . .  484 
6823A/6824A PS/A Power Supplies . . . . . . . . . . . . . . . . . . . . .  493 
6920B AC/DC Meter Calibrator . . . . . . . . . . . . . . . . . . . . . . . . .  168 
7000A/7001A X-Y Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
7005A X - Y  Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
7030A X - Y  Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
7035A X - Y  Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
7100-0466 Carrying Case for 500 Viso-Cardiette . . . . . . . . . . . .  47 
7100B Strip Chart Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 
7101B Strip Chart Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 

7127A Strip Chart Recorder 
712SA Strip Chart Recorder . . . . . . . . . . . . . . . . . . . . . . . .  116 

72 . 73 
119 
119 

7502A Line Follower System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

7214A Ultrascinic Diagnostic System . . . . . . . . . . . . . . . . . . . .  
7500A Line Follower System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7501A Line Follower System . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7560A Log Converter . . . . . . . . . . . . . . . .  
756iA Log Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 

7701A 1 Channel Recording System . . . . . . . . . .  . . . . . . . . .  1 2 2  
7590c Automatic Data Plotting System . . . . . . . . . . . . . . . . . . .  107 

7702A 2 Channel Oscillographic Recording System . . . . . . . . . .  123 
7704A 4 Channel Oscillographic Recording System . . . . . . . . . .  1 2 4  
7706A 6 Channel Oscillographic Recording System . . . . .  125.  126 
7708A 8 Channel Oscillographic Recording System . . . . .  125.  126 
7709A 8 Channel Oscillographic Recording System . . . . .  125.  126 
7712AT 2 Channel Oscillographic Recording System . . . . . . .  64. 65 
7714A 4 Channel Oscillographic Recording System . . . . . . . .  64. 65 
7716A-7720A 6-8 Channel Oscillographic Recording Systems. 64. 65 
7726A 6 Channel Oscillographic Recording System . . . . .  125. 126 
7728A 8 Channel Oscillographic Recording System . . . . .  1 2 5  . 126 
7734A 4 Channel Oscillographic Recording System . . . . . . . . .  66 
7858A 8 Channel Ink Recording System . . .  
7858-01A 8 Channel Feedback Ink Recorder . . . . . . . . . . . .  131-133 
SOOOA Pulse Generator . . . . . . . . . . . . . . . .  
SOOlA Pulse Generator . . . . . . . . . . . . . . . .  
8400B hlicrowave Spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
8402B Power hleter Calibrator . . . . . . . . . . . . . . . . . . . . . . . . . .  380 
8403A hIodulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  370 
8405A Vector Voltmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240 
S406A Frequency Comb Generator . . . . . . . . . . . . . . . . . . . . . . .  396 
8410A Network Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . .  244-247 
8411A Harmonic Frequency Converter . . . .  
S413A Phase-Gain Indicator . . . . . . . . . . . . . . . . . . . . . . . . .  244-247 
8414A Polar Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  244-247 
8430-64 Bandpass Filters . Coaxial . . . . . . . . . . . . . . . . . . . . . . .  2 7 2  
8439A 2 GHz Notch Filter. Coaxial . . . . . . . . . . . . . . . . . .  396-398 
8441A Preselector. Voltage Tunable . . . . . . . . . . . . . . . . . . . . . .  399 
S442A 20 MHz Crystal Filter . . . . . . . . . . . . . . . . . . . . . . . .  396-398 

8491A/B Attenuator. Fixed. Coaxial. Pad . . . . . . . . . . . . . . . . .  373 
8492A Attenuator. Fixed. Coaxial. Pad . . . . .  
8551B/851B Spectrum Analyzer . . . . . . . . . . .  
K15-855 IB Spectrum Analyzer Up-Converter . . . . . . . . . . . . . . .  396 
8614A18616A Signal Generator . . . . . . . . . . . . . . . . . . . . .  342. 343 
8614B/SblbB Signal Source . . . . . . . . . . . . . . . . . . . . . . . .  342. 3 4 3  
K01-8690A Calibrator . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  365 
8690A Sweep Oscillator. Signal Source . . . . . . . . . . . . . . . .  362 
E31-8690 Power Calibration System . . . . . . . . . . . . . . . . . . . . . .  380 
8691A/B-8698A RF Units for 8690A . . . . . . . . . . . . . . . . .  362-365 
8706A Control Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  362-365 
8707A RF Linit Holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  162-365 
8708A Synchronizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  335-339 
8730 Series PIN Modulators . . . .  . . . . . . . . . . . . . . . . .  370. 371 
8740A Transmission Test Unit . . . . . . . . . . . . . . . . . . . . . . . . . .  246 
S742A/8741A Reflection Test Unit . . . . . . . . . . . . . . . . . . . . . . .  246  
8800 Series Preamplifiers 137-1 41 
8875A Differential Amplifier . . . . . . . . . . . . . . . . . . . . . . .  404. 405 
8900B Peak Power Calibrator . . . . . . . . . . . . . . . . . . . . . . . . . . .  382 
8905A Walemeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  356. 357 
8925A DhlE/ATC Test Set . . . . . . . . . . . . . . . . . . . . . . . . .  356. 357 
00l03A Inductor for 260A . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 3  
00127A Set of Sixteen 00103A . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 3  
00128A Set of Seventeen 00103A . . . . . . . . . . . . . . . . . . . . . . . .  2 5 3  

8470A Crystal Detector . . .  . . . . . . . . . . . . . . . . . .  . . 273 

. . . . . . . . . . . . . . . . . . . . . .  
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00513A Q Standard for 260A . . . . . . . . . . . . . . . . . . . . . . . . . . .  253 
00515A Coaxial Adapter Kit for 250A . . . . . . . . . . . . . . . . . . . .  251 
00518A Q Standard for 260A . . . . . . . . . . . . . . . . . . . . . . . . . . .  253 
00538A Set of five 00518A and one 00513A . . . . . . . . . . . . . .  253 
00564A Coupling Unit for 26OA . . .  
00590A Inductor for 190A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 
00591A Set of six 00590A . . . . . . .  
10001A/B/C/D Voltage Divider Pr 
10002A/B/C/D Voltage Divider Pr 
10003A/B Voltage Divider Probes . 
10009A 10:1 Divider, WECO Conn 
100lOC BNC Probe Tip . . . . . . . . . .  
l0025A Voltage Probe . . .  
10035A Probe Tip Kit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  453 
10100A/B 50-Ohm Terminations 

10120A-28A Cables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  462 
10129A/10130A Interconnecting Cables for 155A/1550A . . . .  447 
lOl66A Panel Cover for 180A . . . . . . . . . . . . . . . . . . . . . . . . . .  458 
10167A Carrying Cover for 180A . . . . . . . .  
10175A/B Viewing Hood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  462 
10176A Viewing Hood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  462 
10179A External Graticule Kit . . . . . . . . . . . . . . . . . . . . . . . . . .  298 
10200B Sync Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  440 
10201q/B/C/D Resistive Divider Probes . . . . . . . . . . . . . . . . .  440 
10203A 100:1 Divider Probe Tip . . . . . . . . . . . . . . . . . . . . . . . .  437 
10204A Blocking Capacitor . . . . .  . . . . . . . . . . . . . . . . . . . .  318 
10208A Blocking Capacitor Probe . . . . . . . . . . . . . . . . . . . .  440 
10209A Blocking Capacitor Probe Tip . . . . . . . . . . . . . . . . . . . .  440 
102144 1 O : l  Divider for Scale Tip . . . . . . . . . . . . . . . . . . . . . .  437 
10216A Isolator for Scale Tip . . . . . . . . . . . . . . . . . . . . . . . . . . .  437 
10217A Blocking Capacitor for Probe Tip . . . . . . . . . . . . . . . . .  437 
10218A BNC Adapter for Probe Tip . . . . . . . . . . . . . . . . . . . . .  437 
10219A GR Adapter for Probe Tip . . . . . . . . . . .  
10220A Microdot Adapter for Probe Tip . . . . . . . . . . . . . . . . .  437 
10221A 50 Ohm Tee for Probe Tip . . . . . . . . . . . . . . . . . . . . . .  437 
10223A Microdot Adapter for Probe Tip 
10240A Blocking Capacitor . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  317 
10351A Carrying Case for 196A/B . . . . . . . . . . . .  
10352A Graflak Camera Back for 197A . 
10353A Polaroid Camera Back for 197A . . . . . . . . . . . . . . . . . .  461 
10354A Camera Viewing Hood Replacement Plate . . . . . . . . . .  461 
10355A-10357A Oscilloscope Camera Adapters . . . . . . . . . . . . .  461 
10358A Carrying Case for 197A . . . . . . . . . . . . . . . . . . . . . . . . .  461 

10360A/10362A Oscillos 
10400B Plug-in Extender 
10402A Plug-in Extender 
10403A Alignment Atten 
10404A Vertical Test Ad 
10405A Vertical Response Tester for 175A . . . . . . . . . . . . . . . .  452 
104 5 1 A Mu1 tipulser . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10452A-10456A Rise Time Converters . . . . . . . . . . . . . . . . . . . .  443 

lOll0A/lOl1IA BNC-to-Binding ers . . . . . . . . . . . .  462 

10359A Camera Viewing Lens . . .  . . . . . . . . . . . . . . . . . .  461 

10457A-10458A 75 Ohm Adapters . . . . . . .  
10475A/76A Drawers for 1117B . . . . . . . . .  
104774/78A Blank Plug-ins for 140A/141A 
10479A Tilt Tray for 1119A . . . . . . . . . . . . . . . . . . . . . . . . . . .  459 
10480A Storage Cabinet for 1119A 
10501A Cable Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
10502A Cable Assembly . . . . . . .  . . . . . . . .  209 
10503A Cable Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
10509A Loop Antenna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  540 
10510A 50 Ohm Synthesizer Driver Termination . . . . . . . . . . .  548 
10511A Spectrum Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . .  352 
10514A Double Balanced Mixer . . . . . . . . . . . . . . . . . . . . . . . . .  369 
10515A Frequency Doubler . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  352 
10520A Time Scale CrystaI Kit . . . . . . . . . . . . . . . . . . . . . . . . . .  5 3 5  
10531A Filter Kit for 5210A/B . . . . . . . . . . . . . . . . . . . . . . . . .  528 
10601A-10614A Scintillation Detectors . . . . . . . . . . . . . . . . . . . .  556 
10615A Scintillation Preamplifier . . . . . . . . . . . . . . . . . . . . . . . .  556 
10650A Lead Shield . . . . . . . . . . . . . . .  . . . . . . . .  558 
1lOOOA Cable Assembly . . . . . . . . . . .  
11OOlA Cable Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
11002A Test Lead . . . . . .  
11003A Test Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
11004A, llOO5A Line Matching Transformers . . . . . . . . .  301, 330 
l lOl8A Adapter (11039A to 410B) . . . . . . . . . . . . . . . . . . . . . .  208 
11021A Probe for 425A . . . . . . . . . . . . . . . . . . . .  
11027A Probe Kit for 411A . . . . . . . . . . . . . . . . . . . . . . . . . . . .  197 
11033A Shunt Resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  208 
11035A Cable Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  330 
11036A AC Probe for 410C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  208 
11039A-11041A Capacitive Voltage Divider 

for 400 Series Voltmeters . . . . . . . . . . . . . . . . . . . . . . . . . . . .  207 
11042A, 11043A Probe Coaxial T Connector . . . . . . . . . . . . . .  208 
11044A DC Voltage Divider for 410B . . .  
11045A DC Voltage Divider for 410C . . . . . . . . . . . . . . . . . . .  207 
ll046A Combining Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  568 
11048B 50 Ohm Feed-Thru Termination . . . . . . . . . . . . . . . . .  330 
11049A Thermal Converter, 3 V rms . . . . . . . . . . . . . . . . . . . . .  179 
11050A Thermal Converter, 1 V rms . . . . . . . . . . . . . . . . . . . . .  179 
11051A Thermal Converter, 0.45 V rms . . . . . . . . . . . . . . . . . .  179 
ll064A Probe Kit for 3406A . . . . . . . . . . . . . . . . . . . . . . . . . . .  199 
11066A Current Shunt, 0.01 ohm . . . . . . . . . . . . . . . . . . . . . . . .  208 
11071A Accessory Kit for 3406A . . . . . . . .  
11074A Voltage Divider Probe for 400 Series . . . . . . . . . . . . .  208 
11103A-05A Standard Resistors . . . . .  
11 500A Cable Assembly . . . . . . . . . . . . . . . .  
l lsOlA Cable Assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 

11504A Flexible Waveguide, X- 
11505~4 Bench Stand for 297A 

11 509A Fuse Holder . . . . . . . . . .  
11 5 15A & l6A Adapters, Square-to-round Waveguide Flange . . 271 
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115 17A-521A Spectrum Analyzer, Waveguide 

11527A Adapter, 8478A/B to 431A 
11528A Adapter, 478A, 486A, 8478 
11530A Probe for 312A 
11536A 50-Ohm Tee, for 8405A . . . . . . . . . . . . . . . . . . . . . . . .  241 
11539A Reproduce Trace Selector . . . . . . . . . . . . . . . . . . . . . . .  157 
11540A Waveguide Stand (formerly hfodel 24) 
11541A-11548A Waveguide Clamps (formerly Model 25) . . .  279 
11549A Power Splitter for 8405A . . . . . . . . . . . .  
11553.4 Pack Sensor for Tape Systems . . . . . . . . . . . . . .  

iMixers, Adapters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  396, 398 

. . . . . .  

11570A Accessory Kit for 8405A . . . . . . . . . . . . . . . . . . . . . . .  241 
13505A Isolator-Monitor for 8925A . . . . . . . . . . . . . . . . .  356, 357 
13510A Transistor Test Jig . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 1  
13515A Frequency Doubler Probe for 3200B . . . . . . . . . . . . . .  340 
i4012A Temperature Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
14500A Rack Mounting Assembly . . . . . . . . . . . .  491 
14503A, 14505A Rack iMounting Assembly . . . . . . . . . . . . . . .  489 
14513A-14525A Rack Mounting Assembly . . . .  472 

17006A-17008A Roll Chart Adapter . . . . . . . . . . . . . . . . . . . . . .  118 
17009A/B Character Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
17500A-17504A Recorder Input Modules . . . . . . . . . . . . .  115, 116 
18000A Underground Duct Probe . . . . . . . . . . . . . . . . . . . . . . .  282 
18501A-18510A Thermistor Probes . .  . . . .  41 
18511A-l8516A, 18543A Osmometer Thermostats . . . . . . . . . .  41 
185264 Variable Temperature Controller . . . . .  
19030A Backflush Valve . . . . . . . . . . . . . . . . . .  
19034A Effluent Splitter . . . . . . . . . . . . . . . . . .  

19046A Gas Purifier . . . . . . . . . . . . .  , , , , , .  , , , , , 40,41 
19047A-l9048A, 19051A Gas Sampli . . . . . . . . . .  40, 41 

60065A SLOT Power Supply . . . . . . . . . . . . . .  
60123A SLOT Power Supply . . . . .  
60125A SLOT Power Supply . . . . .  

19035A Inlet Splitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40, 41 

19055A Total Collection System . . . . . . . . . . . . . . . . . . . . . .  40, 41 

60244A SLOT Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . .  490 
60285A SLOT Power Supply . . , . . . . . . . . . . . . . .  490 
72007 Liltrasonic Contact Probe . . . . . . . . . . . . . . . . . . . . . . . . .  556 
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A R G E N T I N A  

B R A Z I L  

0 

CHILE 

0 

Mauricio A. S u h z  * Telecomunicaciones 
Carlos Calvo 224 
Buenos Aires 
Tel: 30-6312, 34-9087 
Cable: TELEPILOT Buenos Aires 

Corrientes 3989, 1" 1 
Buenos Aires 
Tel: 86-7763, 86-2271 
Cable: BlOTRONlCA Buenos Aires 

Lutz, Ferrando y Cia. S.A. 
Florida 240 (R. 5) 
Buenos Aires 
Tel: 46-7241, 46-1635 
Cable: OPTICA Buenos Aires 

t Vigliocco & Brennan S.C.P.A. 

,% Ciental, lmportacao e *' Comercio Ltda. 
Rua Cleto Campelo, 44 .  5" andar 
Recife 

@. Ciental, lmportacao e 
Comercio Ltda. 

Avenida 13 de Maio, 13 .  22"  andar 
Rio de Janeiro G.B. 

Formed S.A. 
Av. Churchil l 129 
Grupo 304 (ZC.00) 
Rio de Janeiro G.B. 
Tel: 22-6016, 52-4564 
Cable: FORMEOICO Rio de Janeiro 

&. Ciental, lmportacao e 
Comercio Ltda. 

Rua Des. Eliseu Guilherme, 62 
Sao Paulo 8 
Tel: 70-2318 
Cable: CIENTALCO Sao Paulo 

Formed S.A. 
Rua Coronei Oscar Porto, 1217 
Para i so 
Sao Paulo 
Tel: 70-4364 

@. HOctor Caicagni 
Casilla 13942 
Santiago 
Tel: 490.505, 393.119 

Paraguay 486 
Casilla 13910 
Santiago 
Tel: 31123, 31124 
Cable: GEMCO Santiago 

-$w General Machinery Co., Ltda. 

C O L O M B I A  
General Electric de Colombia, 

Apartado ABreo 6799 y 3744 
Avenida de Las Americas 41-31 
Bogota 
Tel: 477.901/9 
Cable: GELCOLSA Bogota 

LIC. Alfredo Gallegos GurdiBn 
Apartado 3243 
San Jose 

Cable: GALGUR San Jose 

J. A. Vizcafno V. & Cia. 
Garcia Moreno No. 1224 
Casilla 2925 
Quito 
Tel: 13697 
Cable: VlZCAlNO Quito 

S.A. 

C O S T A  R l C A  

@ 

@ Tel: 21.86-13 

E C U A D O R  

EL S A L V A D O R  
@ T L  Electr6nica 

Apartado Postal 1589 
San Salvador 
Tel: 4683 @ 

G U A T E M A L A  
@ TA Oiander Associates Latin America 

Apartado 1226 
7a. Calle, 0-22, Zona 1 
Guatemala City 
Tel: 22812 
Cable: OLALA Guatemala City 

H O N D U R A S  
Roberto L. Rodriguez 
Apartado Postal NO. 4 
Tegucigalpa, D.C. 
Tel: 2.2871 
Cable: RODRIGUEZ Tegucigalpa 

M E X I C O  
.@a Hewlett.Packard Mexicana, 

S.A. de C.V. 
Eugenia 408, Oept. 1 
Mexico 12, D.F. 

Equipo para Hospitales, S.A. 
Tonal8 161 
Mexico 7, D.F.  
Tel: 25-87-36, 14-82-71 

@ E l e c t r o n i c  i n s t r u m e n t a t i o n ,  

M e d i c a l  i n s t r u m e n t a t i o n ,  
p a g e s  7 6 - 5 6 9  in this c a t a l o g  

p a g e s  4 2 - 7 5  in this c a t a l o g  

p a g e s  15.41 in this c a t a l o g  
A C h e m i c a l  i n s t r u m e n t a t i o n ,  

P E R U  

0 
Fernando Ezeta B. 

@ Av. Pet i t  Thouars 4719 
Casilla 3061 
l i m a  
Tei: 50346 
Cable: FEPERU Lima 

H. W. Kessel S.A. 
Apartado 552 
Av Corpac 312 San is idro 
Lima 
Tel: 23900 
Cable: KESSEL Lima 

PUERTO R l C O  
@ T4 San Juan Electronics, Inc. 

Ponce de Le6n No. 150, Stop 3 
Pta. de Tierra Sta. 
San Juan 
Tel: (809) 725-3342 
Cable: SATRONICS San Juan 

(3 
U R U G U A Y  T Pablo Ferrando 

S.A. Comercial e Industr ia l  
Sarandi, 675 
Casilla de Correo 370 
Montevideo 
Tel: 89631 
Cable: RADIUM Montevideo 

Citec, C.A. 
@ Edif. Arisan-Of. .#4 

Avda. Francisco de Miranda 
Apartado del Este 10934 Chacaito 
Caracas 
Tel: 71.88.05 
Cable: ClTECAL Caracas 

Hewlett.Packard Inter-Americas 
1501 Page M i l l  Road 
Palo Alto, California 94304 
Tel: (415) 326.7000 

Telex: 034-8461 
Cable: HEWPACK Palo Al to 

0 
V E N E Z U E L A  

@ 
F O R  A R E A S  NOT LISTED,  C O N T A C T  

TWX: 910-373-1267 
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UNITED STATES SALES & SERVICE OFFICES & AND CANADA 

ALABAMA 
@ T& P.O. BOX 4207 

2003 Byrd Spring Road S.W. 
Huntsvil le 35802 
Tel: (205) 881.4591 

0 
TWX: 510-579-2204 

ARIZONA 
3009 North Scottsdaie Road 
Scottsdale 85251 
Tel: (602) 945-7601 
TWX: 910.950-1282 

232 South Tucson Boulevard 
Tucson 85716 
Tel: (602) 623.2564 
TWX: 910.952-1162 

CALIFORNIA 
3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 
TWX: 910-499-2170 

Tee 1101 Embarcadero Road 
Pal0 Alto 94303 
Tel: (415) 327-6500 
TWX: 910-373-1280 

2591 Carlsbad Avenue 
Sacramento 95821 
Tel: (916) 482-1463 

1055 Shafter Street 

Tei: (714) 223-8103 

TWX: 910.367-2092 

@@ T4San Diego 92106 

TWX: 910-335-2000 
COLORADO 

@ TA 7965 East Prentice 

6) Tel: (303) 771-3455 
Englewood 80110 

TWX: 910-935-0705 

508 Tolland Street 
East Hartford 06108 
Tei: (203) 289-9394 
TWX 710-425.3416 

CONNECTICUT 

&& -yL2 111 East Avenue 
Norwalk 06851 
Tel: (203) 853-1251 
TWX: 710-468-3750 

DELAWARE 

TWX: 510-666-2214 
FLORIDA + T-K Suite 106 

9999 N.E. 2nd Avenue 
Miami Shores 33138 
Tel: (305) 758-3626 
TWX: 810-848.7262 

0 
@ TA P.O. BOX 20007 

Herndon Station 32814 
h 621 Commonwealth Avenue 

Orlando 
Tel: (305) 425-5541 
TWX: 810-850-0113 

w 
*.. P.O. Box 8128 
5! TLMadeira Beach 33708 

410 150th Avenue 
St. Petersburg 

@ Tel: (813) 391-0211 
TWX: 810-863-0366 

GEORGIA 
2340 Interstate Parkway 
Atlanta 30327 
Tel: (404) 436-6181 
TWX: 810-751-3283 

ILLINOIS 

Skokie 60076 
Tel: (312) 677-0400 
TWX: 910.223.3613 

~ 4 0 0 2  Meadows Drive 
lndianapolls 46205 @'' ThTel: (317) 546-4891 
TWX: 810-341-3263 

INDIANA 

LOUISIANA 

4% 14 
0 

MARYLAND 

@*'A 

P.O. BOX 856 
1942 Will iams Boulevard 
Kennel  70062 
Tei: (504) 721-6201 
TWX: 810-955-5524 

6707 Whitestone Road 
Bal t imore 21207 
Tel: (301) 944-5400 
TWX: 710-862-0850 

@ T& P.O. BOX 727 
Twinbrook Station 20851 
12303 Twinbrook Parkway 
Rockvil le 
Tel: (301) 427-7560 

09 
TWX: 710-828-9684 

MASSACHUSETTS 
Middlesex Turnpike 

Tel: (617) 272-9000 
@)@ T A  Burl ington 01803 

TWX: 710.332.0382 
MICHIGAN 

@ T L  24315 Northwestern Highway 
Southfield 48076 
Tei: (313) 353-9100 
TWX: @10-232-1532 

2459 University Avenue 

0 
MINNESOTA 

&%TA St. Paul 55114 
Tel: (612) 646-7881 

W 

TWX: 910-563-3734 

MISSOURI 
9208 Wyoming Place 0% T K  Kansas City 64114 
Tei: (816) 333-2445 
TWX: 910-771-2087 
2812 South Brentwood Boulevard 
St. Louis 63144 
Tel: (314) 644.0220 
TWX: 910-760-1670 

NEW JERSEY 
.$& ~ " G c .  Crystal Brook Professional Bldg. 

Route 35 m Eatontown 
Tei: (201) 747.1060 

v 

391 Grand Avenue 
nglewood 07631 

Tel: (201) 567-3933 
TWX: 710-991-9707 

NEW MEXICO 
+$ TA P.O. BOX 8366 

Station C 87108 
6501 Lomas Boulevard N.E. 
Albuquerque 
Tel: (505) 255-5586 0 

0" Tb  Las Cruces 88001 

TWX: 910.989-1665 - 156 Wyatt Drive 

Tel: (505) 526-2486 
TWX. 910-983-0550 

NEW YORK 
1219 Campvil le Road 
Endicott 13760 
Tel: (607) 754-0050 
TWX: 510-252.0890 
236 East 75th Street 
New York 10021 
Tel: (212) 879-2023 @ @ 
TWX: 710-581.4376 
82 Washington Street 

ughkeepsie 12601 
Tel: (914) 454-7330 
TWX: 510-248-0012 

9 TA 39 Saginaw Drive 
Rochester 14623 

TWX: 510.253.5981 
Tei: (716) 473-9500 

0 
0' +$ TL 1025 Northern Boulevard 

Roslyn, Long Island 11576 
Tel: (516) 869-8400 
TWX: 510-223.0811 

@ 1 x 5 8 5 8  East Molloy Road 
Syracuse 13211 
Tel: (315) 454-2486 

@ 
TWX:'710-541-0482 

NORTH CAROLINA 
,- P.O. Box 5187 

@ 1923 North Main Street 
High Point 27262 
Tel: (919) 882.6873 

0 
TWX: 510.926.1516 

OHIO 
5579 Pearl Road 
Cleveland 44129 
Tel: (216) 884-9209 
TWX: 810-421-8500 

@ T& 1250 West Dorothy Lane 
Dayton 45409 
Tel: (513) 298.0351 
TWX: 810.459-1925 

0 

@ 
OREGON T& 2737 S.W. Corbett Avenue 

Portland 97201 
Tei: (503) 228-5107 

PENNSYLVANIA 
Park Place Office Bui ld ing 
Camp H i l l  
Tel: (717) 737-6791 

<= Monroe Complex 
+? vA Moss Side Boulevard 

Monroevil le 15146 
Tel: (412) 271.0724 
TWX: 710.797.3650 

@ 
a @ T L  144 Elizabeth Street 

West Conshohocken 19428 
Tel: (215) 248-1600, 828.6200 
TWX: 510660.8715 

TEXAS 
P.0 Box 7166 

@ TL 3605 lnwood Road 
Dallas 75209 
Tel: (214) 357.1881 

@ 

@ 

@ 

TWX: 910-861-4081 

?@ TA P.0. Box 22813 
4242 Richmond Avenue 
Houston 77027 
Tel: (713) 667-2407 

@ T& GOVERNMENT CONTRACT OFFICE 
225 Bi l ly  Mitchel l  Road 
San Antonio 78226 
Tel: (512) 434.4171 

TWX: 910-881-2645 

TWX: 910-871-1170 

UTAH 
2890 South Main Street @+ T A  Salt  Lake City 84115 
Tei: (801) 486-8166 
TWX: 910-925.5681 

VIRGINIA 
&?$ T L  P.O. Box 6514 

2111 Spencer Road 
Richmond 23230 
Tel: (703) 282.5451 

69 
TWX: 710-956-0157 

WASHINGTON 
11656 N.E. Eighth Street 

Tel: (206) 454-3971 
TWX: 910-443-2303 

a @ Tee: Bellevue 98004 

FOR AREAS NOT LISTED, CONTACT: 
Hewiett-Packard 
1501 Page M i l l  Road 
Palo Alto, California 94304 
Tel: (415) 326-7000 
TWX: 910-373-1267 
Telex: 34-8461 
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A L B E R T A  

@ 
T X-Ray and Radium Ltd. 

239-10th Avenue, S.E. 
Calgary 
Tel: (403) 266-2718 
Cable: X-RAD Calgary 

7 X.Ray and Radium Ltd. 
11011-107th Avenue 
Edmonton 
Tel: (403) 422-8615 
Cable: X.RAD Edmonton 

B R I T I S H  C O L U M B I A  
@ & Hewlett-Packard (Canada) Ltd. 

2184 West Broadway 
Vancouver 
Tei: (604) 738-7520 
TWX: 610.922.5050 

G3 
X-Ray and Radium Ltd. 
2283 West Broadway 
Vancouver 
Tel: (604) 731-1543 
Cable: X.RAD Vancouver 

M A N I T O B A  T X-Ray and Radium Ltd. 
58 Westbrobk Avenue 
Winnipeg 

Cable: X.RAD Winnipeg 

p X.Ray and Radium Ltd. 
177 Prince Wil l iam Street 
Saint John 
Tel: (506) 693-2057 
Cable: X-RAD Saint John 

Tel: (204) 942.8211 0 
N E W  B R U N S W I C K  

E l e c t r o n i c  i n s t r u m e n t a t i o n ,  p a g e s  7 6 - 5 6 9  i n  t h i s  c a t a l o g  

M e d i c a l  i n s t r u m e n t a t i o n ,  p a g e s  42-75 i n  t h i s  c a t a l o g  

C h e m i c a l  i n s t r u m e n t a t i o n ,  p a g e s  1 5 - 4 1  in t h i s  c a t a l o g  A 

N O V A  SCOTIA  
p X+ay and Radium Ltd. 

6100 Young Street 
Halifax 
Tel: (902) 455-4291 
Cable: X.RAD Halifax 

0 

O N T A R I O  
@ k Hewiett-Packard (Canada) Ltd. 

880 Lady Ellen Place 
Ottawa 3 
Tei: (613) 722-4223 
TWX: 610-562-1952 

@ K Hewlett.Packard (Canada) Ltd. 
1415 Lawrence Avenue West 
Toronto 
Tel: (416) 249-9196 
TWX: 610-492.2382 

@ 

X-Ray and Radium Ltd 
1400 Don Mi l ls  Road 
Don Mi l ls  
Tel: (416) 447-5171 
Cable: X-RAD Toronto 

S A S K A T C H E W A N  
X-Ray and Radium Ltd. 
88.24th Street, East 
Saskatoon 
Tel: (306) 242-0529 
Cable: X.RAD Saskatoon 

@ 
Q U E B E C  

0 
2& Hewlett.Packard (Canada) Ltd. 

275 Hymus Boulevard 
Pointe Claire 
l e i :  (514) 697-4232 

Telex: 01.2819 

X-Ray and Radium Ltd. 
2800 Bates Road 
Montreal 
Tel: (514) 739-2408 
Cable: X.RAD Montreal 

Hewiett-Packard Inter-Americas 
1501 Page M i l l  Road 
Palo Alto, California 94304 
Tel: (415) 326-7000 

TWX: 610-422-3022 

FOR AREAS N O T  LISTED, CONTACT:  

TWX: 910-373-1267 
Telex: 034-8461 
Cable: HEWPACK Palo Alto 
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SALES & SERVICE OFFICES /@ EUROPE 

AUSTRIA 
T& Unilabor H.m.b.H. 

Wissenschaftl iche lnstrumente 
Rummelhardteasse 6 /3  
P.O. BOX 33 
Vienna IX/71 
Tel: 426 181 

0 
Cable: LABORINSTRUMENT Vienna 

BELGIUM 
@ TK Hewlett-Packard Benelux S.A. 

20-24 rue de I 'Hdpital 
Brussels 

Cable: PALOBEN Brussels 
@ Tel: 11 22 20  

DENMARK 
Tage Olsen A/S 

Copenhagen 0 @ Tel: 29 48 00 
Cable: TOCOPEN Copenhagen 

t A/S N. C. Nielsen 
10 Vestergade 
Copenhagen K 
Tel: Byen 9119 
Cable: NlCANl Copenhagen 

A Bie & Berntsen 
35 Pilestraede 
Copenhagen K 
Tel: M I  6011 
Cable: BlKEMl Copenhagen 

INTO O/Y 
Meri tu i l inkatu 11 
P.O. Box 10153 
Helsinki 10 

@ Tel: 61 133 
Cable: INTO Helsinki 

-4 Instrumentarium 
Aleksanterinkatu 15 
P.O. BOX 357 
Helsinki 10 
Tel: 1 50 11 

";. TA; Hewlett-Packard France 

!i% Rdnnegade 1 

FINLAND * 

FRANCE 
e<- 

2 rue T R e  d'Or 
LYOn, 6. RhOne 
Tel: 52 35 66 

Hewlett-Packard France % TA 150 Boulevard Massena 
Paris 13e 

Cable: HEWPACK Paris 
@ Tel: 707 97 19  

GERM ANY 
#j- T K  Hewlett-Packard Vertriebs-GmbH 

Lietzenburger Strasse 30 
1 Berl in W 30 
Tel: 24 86 36 

Herrenberger Strasse 110 
703 Boblingen, Wurttemberg 

Cable: HEPAG Boblingen 

@ T& Hewiett-Packard Vertriebs-GmbH 

@ Tel: 6971 

+& T& Hewlett.Packard Vertriebs-GmbH 
Achenbachstrasse 15 
4 Diisseldorf 1 

@ Tei: 68 52 58 

Hewlett-Packard Vertriebs-GmbH 

6 Frankfurt  50 
Tel: 52 00 36 
Cable: HEWPACKSA Frankfurt - Hewlett-Packard Vertriebs.GmbH 

@ T& Kurhessenstrasse 95 

' T'- Beim Strohhause 26 
2 Hamburg 1 
Tel: 24 05 52 
Cable: HEWPACKSA Hamburg 

~?& T& Hewlett-Packard Vertriebs-GmbH 
Reginfriedstrasse 13 
8 Munich 9 
Tel: 49 5 1  21  
Cable: HEWPACKSA Munich 

GREECE 

0 

ICELAND 

0 
IRELAND 

Kostos Karayannis 
@ 18, Ermou Street 

Athens 126 
Tel: 230 301 
Cable: RAKAR Athens 

Etanem, Company 
Amerikis Street 12 
Athens 134 
Tel: 626 972 
Cable: ETANEM Athens 

& "INTECO" Technical Agencies 
Skoufa 15 

Tel: 631 072 
Athens 136 

Eiding Trading Company Inc. 
Hafnarhvoli . Tryggvogotu 
Reykjavik 
Tel: 1 58 20 
Cable: ELDING Reykjavik 

T Smith & Sheppard (1940) Ltd. 
124 St. Stephen's Green 
Dublin 
Tel: 5 25 00 
Cable: SURGICAL Dublin 

Hewlett-Packard Ltd. 

Slough, Bucks, England 
Tel: Slough 28406-9, 29486-9 
Cable: HEWPIE Slough 

%?? 224 Bath Road 

ITALY e TA Hewlett-Packard ltaliana S.p.A. 
Viale Lunigiana 46 
Mi lan 
Tei: 69 15 84 
Cable: HEWPACKIT Mi lan 

;%, Tic Hewlett-Packard ltaliana S.p.A 
Paiazzo l ta i ia 
Piazza Marconi 25 
Rome. Eur 
Tel: 591 2544 
Cable: HEWPACKIT Rome 

@ 

x 

0 

@ 
NETHERLANDS 

&$ T& Hewlett-Packard Benelux, N.V. 
de Boelelaan 1043 
Amsterdam, 2.2 
Tel: 42  77 77 
Cable: PALOBEN Amsterdam 

NORWAY 
@ 7 Morgenstierne & Co. A/S 

lngeniofirma 
6 Wessels Gate 
Oslo 
Tel: 20 16 35 
Cable: MOROF Oslo 

P.O. Box 1451-Vika 
Wm. Thranesgata 1 
Oslo 
Tei: 60 32 23 

@ 
& Labor-Teknikk 

PORTUGAL 
Te i ec t ra 

P.O. Box 2531 
Lisbon 1 
Tel: 68 60 72 
Cable: TELECTRA Lisbon 

'@ Rua Rodrigo da Fonseca 103 

Munditer 
lntercambio Mundial de 
Commercio S.a.r.1, 
Avenida Antonio August0 
de Aguiar 138 
Lisbon 
Tel: 73 2 1  3 1  
Cable: INTERCAMBIO Lisbon 

A2 Equipamentos de Laboratoria, Lda. 
Rua Pedro Nunes, 47 
Apartado 1.100 
Lisbon 1 

@ E l e c t r o n i c  i n s t r u m e n t a t i o n ,  
p a g e s  7 6 - 5 6 9  in this c a t a l o g  

p a g e s  42-75 in this c a t a l o g  

p a g e s  15.41 in this c a t a l o g  

M e d i c a l  i n s t r u m e n t a t i o n ,  

4 C h e m i c a l  i n s t r u m e n t a t i o n ,  

SPAIN 

Madrid, 16 
Tel: 235 43 44 
Cable: TELEATAIO Madrid 

@ T& Ataio ingerieros 
Urgel, 259 
Barcelona, 11 
Tel: 230 69 88 

,- HP Instrument AB 
SWEDEN 

%$ Tw'- Hagakersgatan 7 
Molndal 
Tei: 031.  27 68 00 

HP Instrument AB 
Centralvagen 28  
Solna 
Tel: 0 8 - 8 3  08 30 
Cable: MEASUREMENTS Stockholm 

HEWPAK AG 
Zuricherstrasse 20 
8952 Schlieren 
Zurich 
Tel: (051) 98 18 2 1  
Cable: HEWPACKAG Zurich 

4 Instrumenten Gesellschaft AG 
Muhiezelgstrasse 15 
Zurich 
Tei: (051) 5 4  0 4  8 4  

@ 

SWITZERLAND 

?@ 

TURKEY 
&G Telekom Engineering Bureau * P.O. BOX 376.  Galata 

Istanbul 
Tei: 49 40 40 
Cable: TELEMATION Istanbul 

Or. Faruk Komil i  
Vali Konagi Caddesi No. 35 
Harbiye, Istanbul  
Tel: 48 18 07 
Cable: PIKTRON Istanbul 

Hewlett-Packard Ltd. 
@ TA 224 Bath Road 

Slough, Bucks 
Tel: Slough 28406-9, 29486-9 
Cable: HEWPIE Slough 

Belram S.A. 
83 avenue des Mimosas 
Brussels 15, Belgium 
Tel: 35 29 58 
Cable: BELRAMEL Brussels 

Hewlett-Packard S.A. 
5 4  Route des Acacias 
Geneva, Switzerland 
Tel: (022) 42  81 50 
Telex: 2.24.86 
Cable: HEWPACKSA Geneva 

UNITED KINGDOM 

YUGOSLAVIA 

FOR AREAS NOT LISTED, CONTACT 
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Sample Electronics (N.Z.) Ltd. 
8 Mat ipo Street 
Onehunga S.E. 5 
Auckland 
Tel: 667-356 
Cable: ELPMAS Auckland 

*c Watson Victor Ltd. 
6-10 Kitchener Street 
Auckland 

* 

Dental & Medical Supply Co., Ltd. 
P. 0. BOX 1994 
128 Wakefield Street 
Wellington, C. 1 
Tel: 70-769 
Cable: DENTAL Wellington 

ic: Watson Victor Ltd. 
P. 0. BOX 1180 
16 The Terrace 
Wellington 
Cable: WATVIC Wellington 

Zirat Chambers 
31, Jinnah Avenue 
Dacca 
Tel: 80058 
Cable, COOPERATOR Dacca 

PAKISTAN (EAST) 9, Mushko & Company, Ltd. 

Dodhys Agencies 

Dacca 2, 
Cable: DODHYS Dacca 

+ Mushko & Company, Ltd. 

TK 9-H, Mot i jheel  

PAKISTAN (WEST) 

Oosman Chambers - Victoria Road 
Karachi 3 
Tel: 51027, 52927 
Cable: COOPERATOR Karachi 

Td,: Dodhys Agencies 
2, McLeod Road 
Lahore 6 
Tel: 66180 
Cable: DODHYS Lahore 

Mechanical & Combustion 

Alexandra P. 0. Box No. 46 
9, Jalan Ki iang 
Redhil i industrral Estate 
Singapore 3 
Tel: 642361-3 
Cable: MECOMB Singapore 

Rosella House 
Buitencingle Street 
Cape Town 
Tel: 3.3817 
Cable: AUTOPHONE Cape Town 

SINGAPORE 

Engineering Company, Ltd. 

@ 
SOUTH AFRICA g r- F. H. Flanter & Co. (Pty.), Ltd. 

5 SYRIA 

TAIWAN 

F. H. Flanter & Co. (Pty.), Ltd. 
104 Pharmacy House 
8 0  Jorissen Street 
Braamfontein, Johannesburg 
Tel: 724-4172 

'3" Sawah & Co. 
Place Azm6 
B. P. 2308 
Damascus 
Tel: 16367, 19697, 14268 
Cable: SAWAH Damascus 

T Hwa Sheng Electronic Co., Ltd. 
P. 0. Box 1558 
21 Nanking West Road 
Taipei 
Tel: 46076, 45936 
Cable: VlCTRONlX Taipei 

y/, Hammer Trading Company Ltd. 
P. 0. Box 914 
74, Kai Feng Street, First  Section 
Taipei 
Tel: 24842 
Cable: HAMMERCO Taipei 

International Aeradio (E.A.), Ltd. 
P. 0. BOX 861 
Dar-es-salaam 

+ The International 

P. 0. BOX 39 
614 Sukhumvit Road 
Bangkok 
Tel: 913460-1.2 
Cable: GYSOM Bangkok 

39 Prapithuck Road 
Bangkok 
Tei: 27508 
Cable: CHALERMMAS Bangkok 

Engineering Co., Ltd. 

',c Chalermmas 

-%? International Aeradio (E.A.), Ltd. 

591 

P. 0. Box 2577 

Cable: iNTAERlO Kampala 

ieonic Engineering (Pty.), Ltd. 
P. 0. Box 3641 
510 Libertas, Hertzog Boulevard 
Foreshore, Cape Town 
Tel: 37769 
Cable. NUCLEAR C a w  Town 
Nucleonic Engineering (Pty.), Ltd. 
P. 0. BOX 2143 
82, Syfret House 
36, Gardiner Street 
Durban, Natal 
Tel: 26272 

T Nucleonic Engineering (Pty.), Ltd. 
P.O. Box 1257, Braamfontein 
Total Centre, 9 th  Floor 
Corner Jorrisen and Bertha Streets 
Johannesburg Tel: (415) 326-7000 
Tel: 724-9341/213 
Cable: NUCLEAR Johannesburg 

FOR AREAS NOT LISTED, CONTACT: 
Hewlett-Packard Export Market ing 
1501 Page M i l l  Road 
Palo Alto, California 94304 

Telex: 034-8461 
Cable: HEWPACK Palo Alto 
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