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The function of this
function generator is to
make your job easi

B&K-PRECISION
Model 3010 $175

If you stop and think about it, the function of any generator
should be to make your job easier. When we at Dynascan
designed our new Model 3010 function generator, that's ex-
actly what we had in mind.

How did we achieve this? The 3010 was designed inside and
out to be convenient and fast to use, and to provide years of
trouble-free operation.

The 3010 generates all of the popular waveforms you're most
likely to need, at only $175. In addition to generating square,
sine and triangle wave outputs, the unit offers a fixed TTL
square-wave output. Sine-wave distortion is less than 1% and
triangle-wave linearity and square-wave symmetry are a near
perfect 99%. A convenient row of reliable pushbuttons pro-
vides fast, error-free selection of the appropriate range and
output waveform.

For a chance to have your day run a little smoother,
contact your local B&K-PRECISION distributor for immediate
delivery or ademonstration.

The stable voltage-contrclled oscillator (VCO) of the 3010 is
varied on each range by the front-panet frequency control, or
the VCO external input. AQ to 5.5 valt ramp applied to the VCO
external input will provide a 100:1 output frequency change.
In this way, the 3010 can be used as a sweep generator for
response tests. Other features that will help your job run
smoothly include: .05% stability, a variable DC offset control
for engineering and quality control applications. a convenient
tilt-stand handle, and a detailed 38-page operations manual.

Because the B&K-PRECISIGN Mcdel 3010 covers from 0.1Hz
to TMHz in six ranges, you'll probably be able to use it in more
applications than you first guessed. These include IF response
tests, test-instrument linearity measurements, transducer
tests and digital clock-pulse substitution.

D ¥ OYNASCAN
IS PRECISION CORPORATION

6460 west Corfland Street. Chicago. lllinois 60635 - 312/889-9087

In Canada: Atias Electronics. Ontario + Intl. Sis: Empire Exporters Inc.. 270 Newtown Road, Plainview, L1, NY 11803
CIRCLE 58 ON FREE INFORMATION CARD
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NTS trains you on
tomorrow’s equipment.Today.

Microcomputers, digital systems and more...
from the first name in home study.

BENUATINE | Ty (TANR
S LELES

Now NTS training programs include an even
wider choice of solid-state digital equipment
than ever before offered in any electronic home
study course. Advanced NTS/Heath digital
color TV (25" diagonal with optional program-
ming capability), NTS/Heath digital computer,
digital test equipment, digital stereo receiver (70
watts per channel) plus much more state-of-
the-art equipment to make your training exciting
and relevant. Learn servicing and maintenance
easily with step-by-step Project Method lessons
and kits.

An all-new full color catalog shows you exactly
what each of the fourteen courses cover, and
every piece of equipment you receive.

Send for it today and see for yourself what's
really happening in electronics training technol-
ogy at NTS. It's free. Just send the coupon.

NO OBLIGATION. NO SALESMAN WILL CALL.
APPROVED FOR VETERAN TRAINING.

NATIONAL G SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 South Figueroa St., Los Angeles, Calif. 90037

NATIONAL TECHNICAL SCHOOLS  Dept. 206-078 I
4000 South Figueroa Street, Los Angeles, California 90037

Please send FREE Color Catalog and Sample Lesson. I

O Color TV Servicing

OB & W TV and Radio Servicing
O FCC License Course

O Efectronic Communications

O Electronics Technoiogy

O Audio Electronics Servicing

O Digitai Electronics

[ MicroComputers/MicroProcessors

Name
Address

Apartment Number Age
City
State Zip

OCheck if interested in G.I. Bill information.
OCheck if interested ONLY in classroom training in Los Angeles.
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COMPUTER
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OPERATES - Up to 4 terminals running INDEPENDENT programs
HARDWARE TIME SHARE - Requires no modifications to computer
IDEAL FOR — All multi-terminal applications

The SWTPC multi-user system converts our standard 6800
single user computer into a multi-user time share system
that may be operated with up to four terminals. The four
terminals operate independently and may be running four
different programs.

No modifications to the computer are necessary, you sim-
ply plug in the multi-user board and add an interface for
each additional terminal.

The multi-user system is ideal for program training, multi-
station business applications and for computer aided in-
struction (CAl). Speed reduction from a single user system
is negligible because all switching is done in hardware.

Multi-user BASIC, suitable for program instruction and sim-
ple business applications, is included with the multi-user

Sl

board. An 8K disc BASIC is also available for systems in
which disc drives are used. This software has a complete
nine digit floating point math package, full string features
and data files.

For computer aided instruction applications, a full feature
version of PILOT is available. It includes math operators,
misspelling match features and all other proposed for the
ANSII standard version. The 6800 multi-user system is just
as economical, but far more flexible and powerful than
multiple small machines for CAl applications.

MUB-68 Multi-User Board and BASIC Software
Assembledand tested. .. ... .............. $150.00

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY

SAN ANTONIO, TEXAS 78216

CIRCLE 23 ON FREE INFORMATION CARD
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Radio-Electronics.

THE MAGAZINE FOR NEW IDEAS IN ELECTRONICS
Electronics publishers since 1908

JULY 1978 Vol. 49 No. 7

GENERAL 4 Looking Ahead
ELECTRONICS Preview of tomorrow’s news today ON THE COVER
44 Disposable Batteries H H
How to choose between carbon-zinc, alkaline and mercury Umqu? dgrkroom timer COUletS
down in either seconds or min-
61 PopgiRialioin ey utes and seconds. Precise digi-
Accurate circuits for time intervals of 60-seconds or longer )
tal readout and audible pulses
66 Hobby Corner
How to build crystal oscillators too. See page 33.
72 State-Of-Solid-State
Interesting applications of pressure transistors including solid-state INSULATING RING INSULATOR
barometer and blood-pressure meter DUTER NICKEL- DIEC
PLATED CAN
BUILD ONE 33 Digital Darkroom Timer gy ]
OF THESE Highly accurate timer has a range of from 0.1 second to 99 PLATED CAN ———H | ‘ /:{‘B'gg';“m
minutes and 99 seconds MANGANESE-DIDXIDE ’;/04?‘
CATHODE CYLINDERS | f N SULATING
37 Digi-Toll Telephone Call Timer I l L JACKET
Part 2: Special purpose timer helps you save dollars on long- Q?TSSF;?\%NRT’ER 1
distance toll charges ;
ZINCANDOE | | \
41  Burglar Alarm Switches CHLINOERS | | f
How you can make your own
y! y :}ngpweu DOUBLE dL |
60 Little Pro Peep ?
Programmable beeper can be used as heart of a call system B
TYPICAL ZINC-CARBON CELL is one of the
three basic disposable celis described in this
COMPUTERS 56  Hobby Computer Program ) i story. Turn to page 44.
Telephone Toll Totalizer written for Radio-Shack TRS-80 in Level |
BASIC
74 Computer Corner
Microcomputer Interfacing—Data Acquisition ) 0
-
= . 20 ANALOG
STEREO 50 R-E Lab Tests JVC RC-828 Radio Cassette a —40 (0d8 = 250 NW/M?)___
HI-FI “Superb' price/pertformance ratio for this $250 unit ,3 60 //
—
PRO SOUND 57 Digital Hi-Fi Recording = = M ook
= —80
A new way to increase signal-to-noise ratio and dynamic range in < ) T ;
audio recordings —100 DIGITAL {OdB ALLOWS
12 dB HEADROOM)
- 0 2Hz 5Hz 8Hz 12Hz 16Hz 20
TELEVISION & 42 Audio Oscillators d Gl o oz gl
TEST Part 2: Metering, attenuators, harmonic distortion and applications FREQUENCY
are all covered
EQUIPMENT : SPECTRAL PURITY of anslog recorder vs digi-
47 How Pix Tube Brighteners Can Save You Dollars tal recorder. For complete details on recording
A look at what they are all about sound as a digital signal, turn to page 57.
54 CET Test
Regular monthly study guide for the Certified Electronics
Technician exam
76  Service Clinic
Troubleshooting faulty high-voltage shutdown
77  Service Questions Radio-Electronics, Published monthly by Gernsback
R-E’s Service Editor solves technician problems Publications, Inc., 200 Park Avenue South, New York,
NY 10003. Phane: 212-777- -6400. Second-class poetage
gald at Nevtv) Ygrk' NY am;:J gd:ltl?‘ndab gamnq offices.
A L ne-year subscription rate: al 58688I0NS,
EQUIPMENT 26 Chemtronics Electro-Wash Degreaser $9.98, ga%%da. €12.98. Other countries. 314 98, Single
©
REPORTS 26 Advanced Video Model FS11 Video Camera EeHIe CONCHoTRlEy (St Ma ek Cubigipefiro AT
30 A.F. Stahler PC Tools Subscription Service: Mall all subscription orders,
changes, correspondence and Postmaster Notices of
undellvered copies (Form 3579) to Radio-Electronics
DEPARTMENTS 118 Advertising Index 6 New & Timely Subscription Service, Box 2520, Bouider, CO 80322.
14  Advertising Sales Office 85 New Literature A ;tamped sell-add.ressedﬁnvelope n‘:ust azoompany a'|'|
. p submitted manuscripts and/or artwork or photographs
14 Editorial 80 New Products their return is desired should they be re}e?:tged. We
disclaim any responsibility for the loss or damage of
1§ |Ustters 87  Next Month manuscripts and/or artwork or photographs while in our
90 Market Center 119 Readers Service Card possession or otherwise.
As a service to readers, Radio-Electronics publishes available plans or information relati hy products, techniques and scientific and logical devel t

p
Because of possible variances in the quality and condition of materials and workman-hlp uud by raadon, Radio-Electronics disclaims any responsibility for ‘the safe and proper

functioning of reader-built projects based upon or from plans or infor ion p

in this
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loocking ahead

TV-audio wedding: For years, audiophiles have been
irked by the quality of television sound, and for years the
TV networks have been blaming the television set manufac-
turers, while the manufacturers have been blaming the
public for being too stingy to pay extra for good sound
systems in their sets. And for years, almost everybody has
been blaming AT&T, whose TV audio lines have been
limited to the same frequency bandwidth as AM—so that
while TV sound channels may theoretically be capable of
passing frequencies as high as 15 kHz, most network
broadcasts have had an upper limit of 5 kHz.

The logjam may finally be breaking. The limited substitu-
tion of satellites for land lines in long-distance TV transmis-
sion as well as some special musical simulcasts, mainly by
the Public Broadcast System, have led to an increased
awareness that good TV sound is both possible and desir-
able. But the biggest boost probably came from the AT&T's
recent switchover of its intercity television relay system to a
new diplexing system that boosts the sound bandwidth to a
full 15 kHz (see Radio-Electronics, April, 1978). This widely
publicized move, perhaps triggered by the new competition
from satellites, began to spur public demand for receiving
systems that can take advantage of this better sound. And,
as the FCC'’s current inquiry into the desirability of stereo-
phonic sound for TV progresses, it's expected to stir up
more interest in TV sound.

Short of waiting for TV makers to improve their sound
systems, there hasn’t been much the public could do. Until
now. For years, stereo component manufacturers have
been experimenting with TV tuner components for audio
systems, but haven’t moved them to market because of the
general inadequacy of the transmitted sound. Now they’re
beginning to dust them off, geared to the networks’ new
sound capability. The first to appear probably will be a
component from Pioneer, to list at around $250, which
permits the substitution of the home stereo system for the
sound circuits in the TV set. Complete details weren’t avail-
able at presstime.

More than a year ago, Sony introduced in Japan its
Audioscope TV Tuner, a similar component which also
included a tiny black-and-white monitor that could be
switched to display either the incoming picture or the audio
waveform. It was shown in the U.S., but never actively
marketed here, presumably because of the generally poor
quality of transmitted audio. Panasonic has a TV sound
component waiting for introduction. Now other audio man-
ufacturers can be expected to go forward with long-
delayed plans to make TV sound easily available to home
audio systems.

GE’s home projector: The concept of home projection
television got a huge boost when General Electric intro-
duced its highly engineered rear-screen unit. The one-piece
furniture-styled console, called ‘“Widescreen 1000,” has a
picture area of 1,003 square inches, with a diagonal of 45.7
inches—or three times the size of a 25-inch set. The rela-
tively compact cabinet is 50 inches high, 70 inches long and
24 inches deep.

What make’s GE's projector different from many others
is that it was designed from the ground up as a projection
set, that it is backed by one of the major domestic manu-

facturers and that it is the first rear-screen unit with a truly
bright picture. The heart of the new set is a specially
designed extremely bright 13-inch picture tube with the
electron gun and shadow mask made especialiy for projec-
tion. Although GE didn’t give any figures, one knowledge-
able observer said its brightness was five times that of a
conventional direct-view 13-inch tube. It uses a three-
element coated plastic lens and two float-glass mirrors to
focus and direct the picture to the one-piece acrylic viewing
screen with a fresnel lens pattern moided into the rear
surface. The optical components, including the screen
cabinet, are sealed against dust.

How well does it work? The picture is surprisingly
bright—brighter than any other single-tube projection set
on the market. The picture is clear and undistorted from
corner to corner. The viewing angle is restricted, to
perhaps 30 degrees. The set is tuned by digital wireless
remote control and contains VIR color-adjusting circuitry.
The suggested retail price, which hadn’t been determined
at presstime, was expected to be around $2,800. GE esti-
mated industrywide sales of about 125,000 projection TV
sets in 1978, 220,000 in 1979 and 500,000 by 1983.

New TV highlights: Microprocessor tuning will be com-
ing to American TV in a big way starting this year. Although
the first programmed TV set in this country has been avail-
able for some time from Heathkit, the floodgates may now
be opening in mass-market television. Toshiba has intro-
duced a 21-inch model with a programmable 12-channel
tuner (list price about $950). The set can be pre-
programmed to tune in 16 different shows during the
course of a day—turning on and off and changing chan-
nels. Up to eight selections can be stored permanently and
repeated daily, so you don’t have to miss your favorite soap
opera just because you forgot to turn on the set. A similar
set is on its way from Hitachi. Other microprocessor-based
tuners are expected this year. Not all of them are
programmable—some merely use the microprocessor cir-
cuitry for extremely accurate tuning.

Radio’s future: British Broadcasting Corporation is look-
ing into severail new radio broadcast services, which were
recently outlined to American broadcasters by its engineer-
ing director, James Redmond. Among them: (1) BBC has
proposed to the government an information network of
low-power stations, all operating on the same frequency
and using time-division multiplexing to prevent mutual
interference. These stations would give motorists detailed
information about traffic in the area in which they are driv-
ing. A special low-cost fixed-tuned receiver in the car is
arranged so it interrupts the regular car radio when there is
a message for the specific area. (2) The addition of inaudi-
ble signaling to radio broadcasts to provide a station iden-
tification or other information on a liquid-crystal display
built into radio receivers. (3) Quadriphonic sound on FM,
stereo on AM. (4) Data and facsimile transmission muiti-
plexed into audio broadcasting.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR
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Tuner Service Corporuhon

MODULE REPAIRS

TSC has been

regairing private PP
brand TV modules f- -
for over 3 years.

Expanded facilities
now include modules
for
* RCA
e GE
e ZENITH
*'W.T.GRANT
¢ J.C.PENNEY
* WESTERN AUTO
e GAMBLES
as well as Zenith
IF subchassis.

For tree Price List and complete information write or phone;
TSC HEADQUARTERS, BLOOMINGTON, IND.
or any of the TSC locations listed below.

Guarantee

PROVIDES YOU WITH A COMPLETE SERVICE

FOR ALL YOUR TELEVISION TUNER REQUIREMENTS.

TUNER REPAIRS

VHF OR UHF ANY TYPE (US.A) $11.95
UHF/VHF COMBINATION (US.A) $17.95

MAJOR PARTS AND SHIPPING CHARGED
AT COST

® FAST, EFFICIENT SERVICE AT ANY OF THE CONVENIENTLY
LOCATED SERVICE CENTERS LISTED BELOW.

® ONLY ORIGINAL FACTORY PARTS USED
e All tuners ultrasonically cleaned, repaired and realigned.

EXACT REPLACEMENT

e Exact Replacement Tuners are available at a cost of $14.95 and
U yrrame—————— e ———— (U.S.A. Only)

® Send in your original tuner for comparison purposes to any of
the Centers listed below.

UNIVERSAL
—__REPLACEMENT _

o UNIVERSAL REPLACEMENT TUNER $13.95......... (US A. Only)

o This price buys you a complete new tuner bullt specifically for
this purpose.

[ A‘Il shatts have a maximum length of 102" which can be cut to
14

e Specify heater type parallel and series 450 mA or 600 mA.

FL NOW AVAILABLE—TUNER SERVICE PARTS CATALOG
A OF ALL SARKES TARZIAN VHF AND UHF TUNERS, INCLUDING EXPLODED
s VIEW DRAWINGS. OVER 200 PAGES. ORDER YOUR COPY TODAY.
H SEND $2.50 WITH ORDER TO BLOOMINGTON HEAD OFFICE.

SAME DAY SERVICE — ONLY ORIGINAL FACTORY PARTS USED

GEORGIA.

PENNSYLVANIA..
TENNESSEE
TEXAS......ooeee
CANADA .......

HEADQUARTERS._....... BLOOMINGTON, INDIANA 47401
ARKANSAS ..

...LITTLE ROCK, ARKANSAS 72204 .
gy -BIRMINGHAM, ALABAMA 35212....
CALIFO! Nll.__ ceemerNORTH HOLLYWOOD, CALIF. 910807

QR SAN MATEO, CALIF. 94402

oo T 0l 812/334-04 11
..-Tol. 501/661-0393
Tol 205/592-9150
Tei, 213/769-2720

537 South Wainut Street
.4200-C Asher Ave..........
5623 1st Av , North

10854 Magnoiie Bouk 3

6800 §. A Boulevard. Tol. 415/348-3292

MODESTO, CALIF, 95361
FLERIDA ................_....... TAMPA; FLORIDA 33808.............
FT.LAUDERDALE, FLORIDA 33309
ATLANTA, GEORGIA 30310..
ILLINOIS .. ».URBANA, ILLINOIS 81801..,.
SKOKIE, ILLINOIS. 80078 ...

;. Tei. 200/521-8051
—iBol. 813/253-092¢
Tol. 305/508-4382
Tol. 404/T58-2232
Tek 217/384-2052
e T0l, 312/875-0230

-Tol. 317 /832-3493

cereeeer. 123 Pho®Nix A

e 1505 Cypress Street_dp......-.....
2618 N.W. 10th Avenes..........u
.848 Evans Street 8.V, .. ...
908 E Man Sroel i oo
5110 'West Brown Streel.....«

_LAS VEGAS, NEVADA 09102....
NEW JERSEY ................ TRENTON, NEW JERSEY 08838
JERSEY CITY, NEW JERSEY 07307
ROCHESTER, NEW YORK 14808...

INDIANA e INDIANAPOLIS, INDIANA 4&0‘ 112 West St.Cisir Streotl, ... e

KENTUCKY. .. LOUISVILLE, KENTUCKY 40217..... e BT Dnhhq! Ctr. 826 Eseipem PRER. /.. s Tel. 502/452-1191
LOUISIANA . -—__SHNEVEPORT LOUISIANA 71104 242038 N AVe... ol 318/221-3027
MASSACHUSETTS ... SPRINGFIELD, MASSACHUSETYS 01109............ 144 Boston Rd et oottt TO. 413/788-8208
MISSOURI ~87, lOUlS MISSOURI 83132 9577 Page A Tel. 314/429-0633

L1114 S0Uth Castno Coater Blyd. ..oon.......” b J02/384-4235
.......... .. 7139 Pennsytvania Avénue ... . ... ... 7ol 609/383-0009
—el. 201/792-3730
Tel. 7T16/647-9180

I, 216/741-2314
I, 503/222-9059

AS25 Pesrl Road.
1732 N.W. 25th Ave., P.O. mx 1014!-.._...
515 Grant Av: pr—

3158 Bnrron L
11540 Garland Rosd ...

CALGARY, ALBERTA T2H-1Y3.... .

If you want to branch out into the TV Tuner Repair Business

write to the Bloomington Headquarters about a franchise.

WATCH US
GROW

CIRCLE 76 ON FREE INFORMATION CARD
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new & timely

CB’ers are heroes in storms of '78

The first two months of 1978 provided
blizzards, ice storms and severe weather
conditions to much of the U.S.; it was also a
time when CB operators performed many
acts of heroism and neighborliness by
helping those stranded by snow, providing
emergency fuel deliveries and aiding local
authorities in coordinating rescue and relief
operations.

“For many of those stranded in the
recent blizzard,” said John Sodolski, vice
president of EIA and head of its communi-
cations division, “CB radio was the only
communications device available for emer-
gency rescue.”

It is certain that without the volunteer
efforts of CB'ers, snowmobile owners and
four-wheel-drive organizations, rescue ef-
forts would have taken longer and many
lives would have been iost. CB radio pro-
vided the essential communications link
during rescue efforts, since in many cases
police vehicles were out of commission due
to the storms.

Among the thousands of reports of
CB'ers' heroism, some stand out:

—In Massacusetts, CB’ers directed oil
deliveries into stricken areas, facilitated
emergency transportation to and from hos-
pitais, delivered food and rescued stranded
motorists and people whose homes had
lost heat.

—In Ohio, when the power failed, CB
operators helped bring over 2000 people
through freezing temperatures to shelter in
churches and other homes.

—In West Virginia, React Club members
routinely delivered groceries and per-
formed other neighborly acts for elderly
people trapped by the snow in remote
areas.

—On the West Coast, during recent rain-
storms and floods, CB’ers took an active
part in aiding the local Red Cross with
emergency communications at two flood
shelters housing 25 homeless families.
Manned vehicles with CB radios shuttled
flood victims and volunteers to Red Cross
headquarters and the sheiters. And once
the immediate emergency was over, sever-
al members of the CB emergency team
volunteered to stay on to help the victims
and assess flood damage.

Planet Jupiter emits surf-like radio
signals

It has been discovered that radio signal
bursts emitted from the planet Jupiter and
one of its moons, 10, resemble the rushing
sound of waves on the shore—a phenome-
non well-known for its soothing qualities.
Shield Products, Inc., of Cleveland has
used highly sophisticated receiving equip-
ment to record these signals (originating
from a distance of over 390 million miles)

L

on magnetic tape, and have dubbed the
project Jupiter Tranquil. These recordings
are available to the general public.

THE MOON 10 1S SDURCE OF JUPITER'S
MASSIVE RADIO BURSTS

COLLECTED THERMAL

UECT RONCTOR 4 JOVIAN MAGNETIC
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ELECTRONS
PLANET JUPITER’S MOON IO is source of mas-
sive radio signal bursts recorded tor Jupiter
Tranquil. Diagram shows signal path.

JOVIAN PLASMA
10NS

The signals are produced when satellite
moon |0 passes through Jupiter's intensely
charged magnetic field, at which point the
moon’s ionosphere becomes both posi-
tively and negatively charged. When IO is in
the optimum orbital position, an electrical
current of more than 100 megawatts flows
along Jupiter’s magnetic field down to the
planet’'s own ionosphere and back to 10.
This tremendous flow of energy is responsi-
ble for the signal bursts that so resemble
the sounds of the sea. For further informa-
tion, write to Shield Products, Inc., Space
Technology Div., 1104 Prospect Ave.,
Cleveland, OH 44155.

Telesat Canada Anik C spacecraft
to help link south Canada cities

Telesat Canada has awarded a contract
to Hughes Aircraft, EI Segundo, CA, to
build three new communications satellites,
the Anik C series (anik is Eskimo for broth-
er). The satellites will open up interurban
telecommunications in the vast, 3000-mile
area stretching from coast to coast in the
southern half of Canada. This area also lies
within 1000 miles of the United States
border.

The spacecraft, scheduled to be sent into
orbit in 1981 via NASA’s Space Shuttie, will
operate over the Equator between 105 and
120 degrees west longitude, south of Al-

| berta, Canada. It will operate in the super-
| high-frequency range of 12 to 14 gHz-per-

second. The use of such high frequencies
allows the antenna to produce the narrow
beam necessary for such concentrated ra-
diated power. This narrow-beam capability
will allow earth stations receiving the fre-
quencies to be located in high-density
areas without interfering with terrestrial or
lower-frequency space signals.

Other Anik C features include 16 com-
munications channels to supply audio, vid-
€0 and data telecommunications services;

www americanradiohistorv com

ANIK C SPACECRAFT, being built by Hughes
Aircraft for Telesat Canada, will link southern
Canada’s cities from coast to coast (shown in
artist’s conceptual above). The satellite will
provide telecommunications services in super-
high-frequency range of 12 to' 14 gHz.

and polarization diversity that permits us-
ing the same frequency twice. Its solar
array consists of two concentric cylindrical
panels; when the satellite is in orbit, the
outer solar panel extends downward ex-
posing both panels to the sun and boosting
power generation to more than 900 watts.

U.S. investigative agency reports
dangers of microwave radiation

The General Accounting Office, which is
the investigative arm of the U.S. Congress,
has released a report that warns the public
may be exposed to dangerous microwave-
radiation levels. This represents the first

time any Government agency has recog- |

nized such hazards. The report further
states that microwave transmission facili-
ties are being built at a rate of 15% a year,

and there is as yet no Government agency |

to monitor them or set safety standards.
Prior Environmental Agency Protection
lab tests are described in the report as
having concluded that microwave radiation
may ‘‘affect the immune system” in labora-
tory animals as well as produce a ‘“‘trend
toward lowered behavioral performance.”
Studies conducted in the Soviet Union
and Eastern European countries reported
that individuals exposed to radiation levels
much greater than the U.S. Government’s
standard of 10/1000ths of a watt com-
plained of a host of symptoms, including

continued on page 12
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Uncompromising performance.

Incredible price.
A professional 372 digit

MODEL 2000

FUNCTION —

e
POWER AC  VOLT AMP OHM ——

M ——
— 100m¥ 10V 1KV

DMM Kit for less than $70.

sabtronics &

GANGE MAX INE 241KV

1044  1mA  100mA
MO 10KQ 1002 x10

110l 11Nl =

Incredible? True! Professionals and hobbyists alike are
believers in this Sabtronics 2000, the only portable/bench
DMM which offers such uncompromising performance

at the astonishingly low price of $69.95.
Uncompromising performance you'd expect only from

a specialist in digital technology such as Sabtronics:
Basic DCV accuracy of 0.1% + 1 digit; 5 functions giving
28 ranges; readings to + 1999 with 100% overrange;
overrange indication; input overload protection;
automatic polarity; and automatic zeroing.

The low price of $69.95? Simple: The Model 2000 is all
solid-state, incorporating a single LSI circuit and high-
quality components. You assemble it yourself, using our
clear, easy-to-follow, step-by-step assembly manual.

Kit is complete, including a high-impact case.

Now you tco can have it! A professional-quality, 3% digit
Sabtronics Model 2000 DMM kit for only $69.95. If you
don't have one in your lab, use the coupon below to
order NOW.

BRIEF SPECIFICATIONS:

DC volts in 5 ranges: 100 pV to 1 kV - AC volts in 5 ranges:

100 pV to 1 kV - DC current in 6 ranges: 100nAto 2 A
- AC current in 6 ranges: 100 nA to 2 A - Resistance:

0.1 & to 20 MQ in 6 ranges + AC frequency response: 40
Hz to 50 kHz - Display: 0.36"" (9,1 mm) 7-segment LED
* Input impedance: 10 MQ - Size: 8" Wx 6.5 Dx 3" H
(203 x 165 x 76 mm) - Power requirement: 4 'C"' cells
(not included).

GUARANTEE:

Examine the 2000 DMM kit for 10 days. If not completely
satisfied, return unassembled for full refund of purchase
price. (Less shipping and handling)

Use your Master Charge or Visa.
To order by phone call: (214) 783-0994

sabtronics

INTERNATIONAL INC.
13426 Floyd Circle aDallasg, Texas 75243

Made in US.A.

r-----------------------1

To: Sabtronics International, Inc. RE 7
13426 Floyd Circle, Dallas, TX 75243

Please send me____ Sabtronics Model 2000 DMM Kit(s)

at $69.95 each.. . ........ ... ... .. R
Shipping and handling, $5.00 per unit* §
Texas Residents Add Sales Tax $
TOTAL enclosed §

Name

Street

City

State Zip
*USA only. Canada $6.50. All other countries, $10.00 (surface mail)

L-----------‘----------‘--
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Learnio service Communications/CB

with NRI’s Complele

Learn design, installation
and maintenance of
commercial, amateur or
CB communications .

equipment.

There are more than 25
million CB sets out there, mil-
lions more two-way radios,
walkie-talkies, and other
communications apparatus
in use by business, industry,
government, police and fire
departments, and individuals.
That means a lot of service
and maintenance jobs...and
NRI can train you at home
to fill one of these openings.
NRI's Complete Communica-
tions Course covers all types of &
two-way radio equipment...

AM and FM transmission and
reception, television broadcast-
ing, microwave systems, radar
principles, marine electronics,
mobile communications, and
aircraft electronics. And NRI guaran-
tees you will pass the exam for the
commercial FCC Radiotelephone
License you need to perform most
servicing work, or your tuition will
be refunded in full. This money-back

Some designed-for-erning equipment vou get.

agreement is good for six months
after completion of your course.

Learn on your own 2-meter,
digitally synthesized
VHF transceiver.

You'll learn to service all types
of communications equipment as you
assemble your own VHF transceiver.
NRI engineers have designed it, not
only as a commercial-quality, high-
performance unit, but as a unique
“power-on” training tool to give you
actual bench experience with the
principles needed to service CB, com-
mercial, and amateur equipment.

Then we help you
get your FCC Amateur License
S0 you can go on the air.
The complete course includes
48 lessons, 9 special reference texts,
and 10 training kits. Included are
your own electronics Discovery Lab;"

www americanradiohistorv com

antenna applications lab, CMOS digi-
tal frequency counter, and an optical
transmission system. You'll learn at
home, at your own convenience,
earning your FCC license and the
preparation you need for the com-
munications field of your choice.
Mail the postage-paid card today.
TMTrademark McGraw Hill.

CB specialist course

also offered.

If you prefer, you can concen-
trate on the booming field of CB radio
with NRI's special course in CB servic-
ing. You get 37 lessons, 8 reference
texts and plenty of hands-on training
with your own 40-channel CB, AC
power supply, and multi-meter. Also
included are 14 coaching units to
make it easy to get your commercial
Radiotelephone FCC License. ..required
for you to test and service communi-
cations equipment.
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equipment at home...
Communications Course.

TVand audio vicing

NRI can train you at home to
service TV equipment and audio sys-
tems. Choose from five courses that
go up to our 48-lesson Master Color
TV/Audio Course. With it you get
14 kits for practical bench training
and demonstrations, including NRI's
exclusive, designed-for-learning,

25" diagonal solid state color TV,
4-channel audio system complete
with speakers, and professional in-
struments you build and use for learn-
ing and earning. It's proven, effective
training that's helped thousands of
pros already. And it's the best value
offered in the field. NRI’s bite-size
lessons speed learning, exclusive

Learn computer electronics

NRI trains you at home

on a real digital computer.
Qualified technicians are

urgently needed

for careers in

the rapidly
growing field
of computer

and digital elec-
tronics... and NRI
trains you at home
on the real thing,

“Power-On” training makes it real.
Send card for free catalog,

As part of your training, you actually
assemble a working digital computer
with expanded memory, define and
flow chart programs, code your pro-
gram, store it along with data in the
memory bank. It's just one of the 10
hands-on training kits you receive.
You also build and use your own
TVOM:; experiment with NRI's exclu-
sive electronics lab. It's the quickest
and best way to learn and start a new
career in trouble-shooting digital
computers. Send the card today.

F 7 L
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NRI instructor/engineers
Each NRI student is assigned

his own course instructor. He's there
to help you over any rough spots, ex-
plain problems, and give you the ad-
vice you need as you progress toward
your future. And he knows what he’s
talking about, because he was more
than likely involved in the design
of your course or some of the NRI
equipment you use. NRI instructors
are practical, experienced people who
really know their field and do their
best to pass their knowledge on to you.

You get more
for your money from NRI.

NRI employs no salesman, pays
no commissions. We pass the savings
on to you in reduced tuition, top-
quality professional equipment, and
reliable testing instruments necessary
for a successful career. You can pay
hundreds of dollars more at other
schools, but you can’t get better
training.

Free catalog...

No salesman will call.

Get your free catalog and dis-
cover why NRI is the leader in home
technical training with over a million
students, over 60 years experience in
helping people build new careers.
Mail the card today and get started
on your new future. If card has been
removed, write to:

gm'
Hll'|

NRI SCHOOLS
McGraw Hill Center

for Continuing Education
3939 Wisconsin Avenue
Washington, D.C. 20016

8461 ATNM
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headache, eyestrain, irreguiar heartbeat,
etc.

William Mumford, a retired Bell Labs
scientist who helped devise the U.S. stan-
dard for microwave radiation, asserted that
this standard was safe under normal envi-
ronmental conditions, and that of the 4000
medical cases of alleged microwave radia-
tion reported since the 1950’s not one
fatality had been reported.

World’s most powerful vacuum tube
switch used in nuclear-fusion tests

A 20-man engineering team from RCA's
Department of Electro-Optics and Devices
(Lancaster, PA) has designed and devel-
oped what they term “the world’s most
powerful vacuum switch tube.” The RCA
tube switches 25 megawatts (MW) or
enough energy to turn on 300,000 TV sets
simuitaneously. It will be one of 12 similar
tubes that are to be instailed in Princeton
University’s Plasma Physics Lab for use in
a fusion-test reactor. This reactor will be
used to determine the feasibility of gener-
ating electrical power via nuclear fusion.

320-POUND VACUUM TUBE designed by RCA
switches 25 MW—enough power to turn on
300,000 TV sets— and will be used in Princeton
University nuclear fusion tests. Computers
were used in designing the tube, constructed
by engineers of RCA’s department of Electro-
Optics and Devices in Lancaster, PA.

The reactor, which is destined to become
operational in 1981, will use the vacuum
switch tubes to regulate power systems
that will provide the major heating of the
plasma used in the fusion reaction. Dr.
Ralph E. Simon, division vice president,

explained that the tube’s function ‘“is to
switch and control ion beams as they are
injected into the fusion test reactor . . .
The tube will supply 25 million watts of
energy to the ion beams in pulses varying in
duration from severai millionths of a sec-
ond to several seconds.”

Made of copper, stainless steel, tungsten
and ceramic, the RCA tube weighs 320
pounds and measures 42 inches long and
22 inches in diameter. Tube design was
facilitated by the use of computers that
were able to analyze the tube’s electricai
characteristics and help determine the
shape of the tube’s anode. The power dissi-
pated by the anode is 2 MW. Sixteen kilo-
watts is required just to heat the cathode.
The tube is completely water cooled with a
flow rate of 250 galions-per-minute through
the tube’s anode section.

New FCC legislation cracks down
on unlicensed CB operators

In March, 1978, President Carter signed
legisiation that at long last empowers the
Federal Communications Commission to
enforce its rules against unficensed as well
as licensed CB violators.

Until recently, a Federal court order was
necessary to act against unlicensed viola-
tors of the Commission's CB regulations;
these regulations were really effective only
against licensed violators. James C.
McKinney, the FCC deputy chief of field
operations, stated, “We can now make it
economically unfeasible to be unlicensed. i
suspect fines . . . will be greater than for
licensed violators.”

The new law increases the maximum fine
for violations from $500 to $5000, and
extends the time period from 90 days to a
year during which the FCC can issue a cita-
tion for a violation.

Present-day color TV set prices
lower despite inflation

According to Roy Pollack, vice president
of RCA's Consumer Eiectronics Division,
the cost of a color TV set has declined
during the past 25 years. In 1954, the aver-
age price for such a set was $1000; today, it
is $575, representing a 43% drop. This
price drop occurred despite an inflationary
period that saw skyrocketing prices on
other household items such as washing
machines, refrigerators and the like.

Pollack attributed this counter-inflation-
ary price trend to be a reflection of “im-
proved production techniques, new materi-
als, new technologies, bigger markets and
severe competition.” He added that during
the past 25 years, the average price of a
new car rose 134% and the median cost of
a new one-family home mounted a whop-
ping 290%.

Earth satellite uses infrared band
for 24-hour monitoring
The Landsat 3 earth satellite developed

MULTISPECTRAL SCANNER (MSS) can take
thermal photos of the earth at night. Here,
Hughes Aircraft technician examines instru-
ment’s aperture, housing reflective mirror and
telescope to record earth-surface images.

by General Electric has had an infrared (IR)
channel added to its multispectral scanner
(MSS). This IR channel, designed by
Hughes Aircraft, will enable round-the-
clock photography of terrestrial resources
such as water, snow, glaciers, etc. The
satellite (scheduled for a West Coast NASA
launch) is planned to act in tandem with its
sister satellite, Landsat 2, already in orbit.

NASA spokesman asserted that the
earth resolution of the IR band of the MSS
will allow a 24-hour monitoring of water
temperature variations, water pollution,
ocean currents and geothermal sources
and enable scientists to determine more
precisely the ecological impact on earth
resources of such large heat-producing
facilities as nuclear power plants and in-
dustries as well as expanding urban areas.

The vehicle's MSS system traps the
earth’s radiation with a flip-flop mirror that
moves from side to side during the orbit. A
precision telescope inside the scanner
channels the radiation to detectors in five
spectral bands, including the IR band. The
detectors then convert the light into volt-
ages, which are, in turn, translated into
numerical values. This data is stored on
tape recorders for later transmission to a
ground station, or in real time at a 15
million bits-per-second rate.

The sateliite will circle the globe 14 times
daily as the scanner photographs strips of
land below. Each time the satellite passes
over the Equator it will do so at a distance
about 1800 miles west of the last trip.

continued on page 15
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Choose from
a variety of
exciting new Kkits
for summer
kitbuilding fun.
Nearly 400 kits in all
to help you get the
most from your
electronic dollar!

~

U 0G 3¢
HEAT oeR ATV
MA,,:,“.lucu"'::" el Lo
e g o

Low-Cost Straight Line/
White Line Chart Recording
Depth Sounder

Budget-Priced
Digital Alarm
Clock
Professional-Quality
Deluxe Coin-Tracking
Metal Locator

Learn about the fascinating and rewarding
hobby of electronic kitbuilding. Experience
the satisfaction of owning a top-performing,

high-quality electronic product that you
built with your own hands.

Our easy-to-understand assembly manuals
are your kitbuilding “partner” from start to
finish. Large, clear illustrations and step-
by-step instructions lead you to successful
completion and the thrill of “turn-on”. It’s

easy, it's fun, and it’s personally satisfying. |
Send for your FREE catalog today!gI

Unique Electronic

Digital Scale

\-\The world’s
\ largest selection

of quality

electronic kits.

& Plus dozens

of Heath-

recommended

name-brand

products too!

R eESE

£

g(t_xﬂ“’" 3

W
fu

Self-instructian
Courses
In Electronics

22939 ecq -
»

Professional-Quality
Auto Engimne Analyzer

Personal Computing Systems

FREE CATALO

! HEATH ]
Schlumberger
Heath Cempany, Dept. 020-430, Benton Harbor, Michigan 43022

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

SEND
TODAY

8.61 ANr

Name____

Address.

City. State
CL-658 Zip—

CIRCLE 100 ON FREE INFORMATION CARD
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editorial

Contest Of Contests

Our readers deserve a really great contest—one that will test their
skills to the limit—one that will let them show the world just how
great they are. So, we here in the editorial offices of Radio-
Electronics have given much thought to running a really terrific
contest for our readers.

We first thought of a design contest—like build the best circuit. The
problem here is how can anyone pick a winner. Is a mini flat-screen
color TV better than a wristwatch computer or a portable
telephone?

So, we need your help. We need some reader to dream up the very
best contest that has ever been held. We need a contest that will
put before the electronics community a real challenge and yet
permit us to select a definitive clear-cut winner. Like who built the
frequency counter that could read to the highest frequency; or who
built a CB radio with the least number of parts; or who built the
fastest electronic car.

In addition, we need a handicap factor since the cost of the item
built must also be considered. And this handicap must increase as
the cost goes up. As we all know, if we spend enough dollars we
can reach the moon. But how do you get to England for $2.987

Send us your ideas. We'll reward the contributor of the one that we
do use with two items—first, a 10-year subscription to Radio-
Electronics; second, a check for $250. The editors are the judges
and our decision is final. If two similar winning ideas come along,
the one with the earliest postmark wins. No prizes for second place,
and all entries become the property of Gernsback Publications Inc.
Now, start filling our mailbox. '

W 7 I

LARRY STECKLER
Editor

v www americanradiohistorv com
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Geostationary satellites aid federal
antismuggling efforts

Recently, General Electric communica-
tions experts ran a six-week-long series of
communications and position-fixing tests
involving the use of two NASA experimen-
tal geostationary satellites. The purpose: to
demonstrate that the satellites could help
the federal government reduce significantly
the present rate of contraband drug and
ilegal alien smuggling occurring across the
U.S.-Mexico border. These tests, con-
ducted together with the U.S. Drug En-
forcement Administration (DEA) and the
Immigration and Naturalization Service
(INS), showed that a geostationary satellite,
orbiting about 23,000 miles above a fixed
area of the earth, can help keep govern-
ment field agents in contact not only with
their colleagues but with their base station,
even in very remote locations.

A geostationary satellite stays in a per-
manent location, its line of sight coinciding
with about 43% of the earth’s surface. It
receives the signal from the agent’s mobile
radio transmitter, amplifies it, then sends it

back to earth, either to another agent’s
two-way radio or to a base station. The
base station uses a system called tone-
code ranging to pinpoint the location of the
agent's car to within 600 feet—a distinct
advantage when much of the tracking must
be done through mountainous and often
roadless territory.

The two NASA space vehicles, the ATS-3
(positioned above the Amazon River) and
the ATS-1 (over the Equator south of
Hawaii) plus a station wagon were used in
the tests. The station wagon contained a
special antenna and radio equipment con-
sisting of a GE two-way mobile radio, with a
special tone-code data responder that re-
acts automatically when addressed by a
coded signal, plus a low-noise preamplifier
to increase sensitivity and a power amplifi-
er to boost signal output to 250 watts.
General Electric’s network of transponders
located around the globe were used to
determine precisely the location of the two
NASA satellites, at which point range mea-
surements were transmitted via satellite to
the station wagon, whose automatic re-

ER e—(vir

Its AllOnThe (ards

great, insist on the finest component
parts — insist on VERO.

... and the deck is stacked in your
favor. VERO, known throughout the
industry for quality, is now offering

«‘ﬁ%-»-———-u

sponder returned the signal to the sateliite.
A computer was then able to use the travel
time of the signal to calculate the location
of the station wagon in real time.

RCA American satellites beam pay
TV programming

A pay TV program supplier, Showtime
Entertainment Inc. has started using RCA's
American Communications satellites to
transmit quality programming to cable TV
subscribers throughout the U.S. on a daily
basis. The service provides an average of
nine hours of programming, with most of
the shows planned for the popuiar evening
hour and weekend time slots.

The Showtime programs are transmitted
via two RCA American satellites (in orbit
22,300 miles above the Equator), and are
beamed on two separate feeds—one for
the Eastern and Central time zones, the
other for the Mountain and Pacific time
zones. It is also planned to eventually
extend this programming service to Ha-
waii. R-E

If your dealer does not stock VERO,

a wide selection of electronic compo-
nents for the serious hobbyist or home
builder. These fine products have all
passed the demanding requirements of
one of the most demanding industries
in the country — the electronics in-
dustry.

From basic breadboards to exciting en-
closures, VERO products offer you
proven capability and reliability and
an affordable price. So, next time you
are in the mood to build something

www americanradiohistorv com

drop us a line and we will send him all
the necessary information required to
get him started. You'll be doing him a
favor if you do!

171 Bridge Road, Hauppauge,N.Y. 11787
(516) 234-0400 TWX: 510-227-8890
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MONEYMAKING IDEAS

Here are two moneymaking ideas that
might interest your readers:

Games and money: Doesn't aimost ev-
ery TV sales and service organization have
old TV sets (trade-ins, etc.) that just “’sorta
work’'? These sets may be almost unsale-
able as receivers . . . but, with minimum
repair, they might be ideal as second sets
for video games only.

We had an old set in the garage with a
torn speaker that would receive only one
channel. With no work, the set became just
fine for use witha TV game . . . and the set
was 14 years old! Some advantages of this
old TV *‘retirement job' are:

1. No conflict between kids wanting to
play the video game vs. adult viewing
time.

2. No worry about *‘burning in” the game
image on your good set through acciden-
tally leaving it on overnight, etc.

3. The set can have many faults—poor
contrast, poor AGC, nonworking channels,
poor audio tone—and yet be just fine for
video game use.

4. A customer can try his game on the
used set in just minutes to determine
whether it's usable . . . and there will be
no questions or variable performance due
to location, type of antenna, etc.

Program stores: in the near future, tape
programs for video games and home com-
puters will become a rapidly growing busi-
ness, especially if standardization is such
that tape readers, video displays and key-
boards .are used in both systems. This
market may also inciude plug-in PROM’s
and, of course, video entertainment tapes.

They could even become combined. A
tape of a well-known novel could (for stu-
dents) even have a question-and-answer
section at the end to emphasize compre-
hension and interpretation.

The point is—those stores that are now
just hi-fi and record stores should be learn-
ing just as much as they can about the new
technology. It's all interrelated . . . tapes,
records and the machine to play them. Five
years from now | predict such businesses
will be known as “‘Program Stores,”” featur-
ing game programs, video programs, music

programs (both live and computer-pro-
duced), computer programs, etc., etc.
PETER LEFFERTS

San Martin, CA

NO AM DATA

The logic shown by Len Feldman in the
Letters column of the December 1977 issue
escapes me completely. Apparently he is
saying that since most AM sections of AM-
FM tuners are poor, they shouldn’'t be
mentioned.

Good FM performance is easy to find;
one hardly needs a product report to locate
a tuner with FM that is as good as the
transmitting station's characteristics. The
difference in tuner performance will show
up in the AM section, which varies from
terrible to fairly good. Isn’t that where the
emphasis should be?

Mr. Feldman states that most AM sta-
tions use ‘“‘standard’ 5000-Hz lines. | don’t
know the source of his data, but there isn't
one single audible AM station in the Wash-
ington, DC, area that isn't audibly better

continued on page 22

Another reason to join RCA's QT Parts Program!

You get four free information packages every year.

RCA’s QT-150 Parts Program is better than ever!
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Registered dealers receive four free

information mailings per year through RCA's

Direct Information Service program.
Quarterly mailings include:

* Complete Dealer Price Book — RCA Consumer
Parts ® Latest Price Supplement ¢ RCA
Drawing Number to Stock Number Cross

Reference ® Color TV Modute Cross

Reference ® B&W TV Module Cross Reference

¢ Dealer QT inventory Control Form;
and many other useful publications.

To join, contact your RCA Distributor

and register as a QT Dealer. You will receive
your package of 150 of the most-needed,
fastest-moving parts to repair older TV sets.
You will also receive your first quarterly
information package. Every information

mailing will include the latest price
publication, plus additional infor-
mation about RCA Parts required in
your servicing business.

Don’t forget, your QT Parts inventory

program has automated annuai drop-ship
updating for your convenience. A special

QT Parts Rack is also available
to save time and space.

Calil your RCA Distributor or write to

RCA Distributor and Special Products Division,

Deptford, N.J. 08096.

RGA QT Parts
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Radio-Electronics®
i available in

UNIVERSITY MICROFILMS
300 N. Zeeb Road
Ann Arbor, Michigan 48106

and
MICROFICHE |

MICROCARD EDITIONS
A Division of
Intarmation Handling Services
P.O. Box 1154
Englewood, Colorado 80110

BELL & HOWELL CO.
Micro Photo Division

Old Mansfield Road
Wooster, Ohio 44691

Attn.: Mr. Splers \

Please wrlte
for complete information

THE Join clips together
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clips or
hooks to
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Replaceable clips — Glue-
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A holding device usable
almost anywhere.

Ail angle ball and joint con-
nections. Steel construction

Porented
Made in U5 A
$Q95

Add 7S¢ shipping
€olif. Rur. Add 6%

Spyderco

P.O. Box 3517 R
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You know that’s a
great price. Espe-
cially when you con-
sider the outstanding
performance you get
with this Gould
0S245A oscillo-
scope.

And you get clear,
bright displays. 5mV
/div. sensitivity and
exceptionally versatile trigger
performance. It’s ideal for TV or
general electronic service work;
perfect for hobbyists and educa-
tional institutions. You can rely on
Gould to live up to these specs:

e DC to 10 MHz; dual trace

* Trigger performance in excess
of 15 MHz

* TV trigger facilitates solid syn-
chronization with TV signals

0

¢ Portable; weighs
just 11 Ibs.

e Carries full two
year warranty on all
8 parts and labor ex-
" cluding normal cali-
" tration, fuses and
minor mamtenance
Just one phone call
gets you action.
Dcn’t miss out on
this bargain. Pick up the phone
now and call us toll-free at 800-
325-6400. (In Missouri call 800-
342-6600). We'll rush you free
literature and ordering informa-
tion onthe OS245A as well asother
Gould oscillocscopes applicable
to your needs. Gould Inc., instru-
ment Systems Division, 3631 Per-
kins Avenue, Clevetland, Ohio
44114,

CIRCLE 72 ON FREE INFORMATION CARD
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"It youre going tolearn
electronics, you might
as well learn it right!”

“Don’t settle for less.
Especially when it comes
fo career training. . .because
everything else in your life
may depend on it. That’s
why you ought to pick CIE!”

WwWWW americanradiohistorv com
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You’ve probably seen ad-
vertisements from other
electronies schools. Maybe you
think they're all the same.
They're not?

CIE is the largest indepen-
dent home study school in the
world that specializes exclu-
sively in electronics.

Meet the Electronics
Specialists.

When you pick an electronics
school, you're getting ready to invest
some time and money. And your
whole future depends on the educa-
tion you get in return.

That’s why it makes so much
sense to go with number one .. .with
the specialists. . .with CIE!

There’s no such thing as
bargain education.

If you talked with some of our
graduates, chances are you’d find a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don’t promise vou the moon.
We do promise you a proven way to
build valuable career skills. The CIE
faculty and staff are dedicated to
that. When you graduate, your di-
ploma shows employers you know
what you're about. Today, it's pretty
hard to put a price on that.

Because we’re special-
ists, we have to stay
ahead.

At CIE, we've got a position of
leadership to maintain. Here are
some of the ways we hang onto it. ..

Our step-by-step learning
includes “hands-on”
training.

At CIE, we believe theory is
important. And our famous
Auto-Programmed® Lessons teach
you the principles in logical steps.

But professionals need more
than theory. That’s why some of our
courses train you to use tools of the
trade like a 5 MHz triggered-sweep,
solid-state oscilloscope vou build
yourself —and use to practice trouble-
shooting. Or a beauty of a 19-inch
diagonal Zenith solid-state color TV
you use to perform actual service
operations.

Our specialists offer you
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mail it in.
Our experts will answer you
promptly in writing. You may even
get the specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.

Pick the pace that’s right
for you.

CIE understands people need
tolearn at their own pace. There’s no
pressure to keep up. .. no slow
learners hold you back. If you're a
beginner, you start with the basics.
If you already know some elec-
tronics, you move ahead to your
own level.

Enjoy the promptness of
CIE’s “same day” grading
eycle.

When we receive your lesson
before noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you're doing!

CIE can prepare you for
yvour FCC License.

For some clectronics jobs, you
must have your FCC License. For
others, employers often consider it a
mark in your favor. Either way, it’s
government-certified proof of your
specific knowledge and skills!

More than half of CIE’s courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

For professionals only.

CIE training is not for the hobby-
ist. It's for people who are willing to
roll up their sleeves and go to work
... to build a career. The work can be
hard, sure. But the benefits are
worth it.

Send for more details
and a FREE school
catalog.

Mail the card today. If it’s gone,
cut out and mail the coupon. You'll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we’ll try to have a CIE representa-
tive contact you to answer any ques-
tions you may have.

Mail the card or the coupon or
write CIE (mentioning name and
date of this magazine ) at: 1776 East
17th Street, Cleveland, Ohio 44114.

Patterns shown on TV and oscilloscope screens are simulated.

r-----------------l

Cleveland Institute of Electronics, inc.

1 Cl
0

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Cotncit

. (] YES...want the best of everything! Send me my FREE CIE school
catalog —including details about troubleshooting courses —plus my FREE package

of home study information.

Print Name_

RE-38

Address.

Apt.

City

Age _

Check box for G.1. Bill information: [ ] Veteran

MAIL TODAY?

. State .
|

wWwWw.americanradiohistorv.com

_____Phone (area code)

_Zip.

[J Active Duty
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LETTERS
continued from page 16

than that on a wideband receiver. Broad-
cast lines are nearly always ‘‘unloaded”
and stations do equalize them to much
better performance than 5 kHz.
CDR. HAROLD W. CORNELIUS
Arlington, VA

On the contrary, Commander Cornelius,
it is precisely because | do know how good
AM can be made to sound that | seldom
bother to discuss the AM sections of the
tuners and receivers that | measure. There
is one station in the New York area that, in
fact, boasts a “proof of performance’ from
the FCC showing that it is essentially flat to

15,000 Hz (just like FM stations). The only
time | was ever able to take advantage of
that excellent capability was when | was
testing a little-known AM-only tuner known
as McKay-Dymek. That tuner had virtually
flat frequency response to beyond 9 kHz
and an excellent 10-kHz whistle filter as
well (a necessity if the response of an AM
tuner is to be extended to that degree).

I see little point in discussing the fact that
one AM tuner rolls off at around 3 kHz (typ-
ical of the breed, by the way), while another
goes “all the way” to 4 kHz. If and when |
run into a tuner that does measurably
better than that, | will certainly devote more
space to that fact in my product test
reports.

| would also like to take issue with your

The DR22-C

Fully Synthesized General Coverage
Receiver from McKAY DYMEK

(e (8 ¢

(1‘#/' & ' '
L. o wooe  vousa

FEATURES

s Shortwave, CB, ham radio, ships at
sea, overseas phone calls, etc.

s HiFi, SWL, commercial, industrial
and government uses.

® High ievel RF front end for excellent inter-

modulation rejection and sensitivity.

s Crystal filters in first and second IF
amplifiers, ceramic filter in third IF.

® Quartzcrystal tuning accuracy at all
frequencies, no crystals to buy.

a Builtin power supply for 110-120 or
220-240 VAC switchable, 50-60 Hz.

SPECIFICATIONS

8 |Low Phase Noise Synthesizer

s Soiid state, phase locked, digital
synthesis tuning.

s Extreme ease of tuning at all
frequencies.

® No mechanical tuning dial error or
backlash.

® Switch selectable 4 or 8 kHz RF
bandwidth.

s Built in monitor speaker with external
speaker connectors.

8 Switchable impuise noise limiters
for AM and SSB.

B Frequency coverage:

50 kHz t0 29.7 MHz, continuous. Digital synthesis in 5 kHz steps,
fine tune for=5 kHz.

B Reception modes:

AM, upper sideband, lower sideband, CW.

B Sensitivity for

for10dB S + N/N: Cw, SSB

100 kHz
SuVv
AM 10V

200 kHz 400 kHz-20MHz 20MHz-29.7MHz
1.5uVv 05uv 0.75uV
3.0uvV 1.0uvV 1.5 uv

Selectivity:

—6dB @ =2 kHz or+4 kHz and —60dB @ =5 kHz or+14 kHz

B AM Harmonic distortion:

50% modulation = 0.6% T.H.D.

90% modulation = 1.5% T.H.D. (1kHz modulation)

B Frequency stability:

Within+40 Hz in any 8 hour period at a constant ambient of 25C,

after 30 minute warm up.

®  Circuitry:

43 integrated circuits, 18 transistors, 16 FETs and 54 diodes.

B Dimensions & Wt.:

(WxDxH)17.5x14.5x5.1 inches. Shpg. Wt. 19 Ibs. (8.7 Kg)

Order factory direct.
Exclusive rent/own plan
available in U.S.

LVGA |

McKay Dymek Co.
111 South College Ave
Claremont, CA 91711

In Canada

WSI Sales Company
Ontario

Nationwide Great Metropolitan
800/854-7769 Sound Co. Ltd.
California Ontario

800/472-1783
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statement that “‘one hardly needs a pro-
duct report to locate a tuner with FM that is
as good as the transmitting station’s char-
acteristics.” There are still several FM sta-
tions that do an exemplary job of transmit-
ting a clean signal, and such tuner parame-
ters as selectivity, distortion, separation,
50-dB quieting and signal-to-noise ratio
{not to mention capture ratio and AM sup-
pression in multipath-laden reception ar-
eas) are very important if one wants to hear
the best that these stations have to offer.

| would hope that if and when the FCC
provides us with standards for stereo AM,
stations (and receiver manufacturers) may
find an additional incentive for creating,
broadcasting (and receiving) higher-fidelity
AM programming than has been the case
up to now. If and when that happens, | shall
be happy to demonstrate that | do know a
little bit about AM too. —Len Feldman

FREQUENCY/TIME DISPLAY
CORRECTIONS

With reference to my article, **Build AM/
FM Frequency Display,” in the January
1978 issue, there are a few corrections that
should be made in it.

First, in the Parts List, R7 was left off —it
should be 15K, as per the Fig. 2 schematic.
In Fig. 9, there is a jumper shown going to
Q3; thisis really R21, or 3.9K. Also in Fig. 9,
the “C11” shown just above the crystal,
XTAL1, is really R11, or 15 megohms.
Finally, the photograph entitled “View of a
Partially Constructed Board” shows Q3
through Q6 turned the wrong way. Turn ’em
around and everything will be fine.

GARY McCLELLAN

PET COMPUTER NEWSLETTER

Some of your readers may be interested
to know of a new coast-to-coast newsletter
we are publishing calted The PET Paper,
which is intended to provide ‘‘something
for everyone' who owns a Commodore
PET computer.

Both beginners and experts should find
articles in The PET Paper of interest, as
well as the news it contains of User Groups
in their communities, reviews of known and
available software, plus hardware how-to’s,
sources and costs of peripherals as they
become available. We even plan to print
sections from local User Group newslet-
ters. The cost of a year's subscription to
the newsletter is $15.

For further information, contact Terry L.
Laudereau and/or Rick S. Simpson, The
PET Paper, P.O. Box 43, Audubon, PA
19407.

TERRY L. LAUDEREAU
RICK S. SIMPSON
Audubon, PA

PINK-NOISE GENERATOR

| encountered one difficulty with the pink-
noise generator described in the January
1978 issue.

As mentioned in the article, pink or white
noise is used to produce the sounds of
wind, rain, or surf, and one of the uses of
this sound is to provide a steady back-
ground for masking out unwanted noises.
The pink-noise generator as described in
the article is unsuitable for these purposes
for one major reason:

continued on page 24
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Everything you ever want to know
about Personal Computers c .

00

Postage Paid in
U.S. and Canada

Here it is—everything you need to know
about the state of the art, just as it appeared
in the big, colorful special section of the June,
1978 RADIO-ELECTRONICS—‘‘Your Own
Computer.”

This complete, colorful, 32-page reprint of
that first-in-the-field special feature tells you
everything you want to know, including: An
Introduction to Personal Computers—what
they can do and how to select your own; What
Makes a Computer System—peripheral de-
vices and accessories; The Different Ways
You Can Talk To Your Computer—program-
ming languages and how to use them; a
special edition of Computer Corner; and, A
Roundup of the Equipment, the most com-
plete Who-Makes-It Computer Manufacturer
Listing you can find!

— —

l.'nmpu[.’“ ]

lin

v

We've reprinted this giant special section of
RADIO-ELECTRONICS for your convenience.
Every serious experimenter and technician
will want this vital information at home andin
the office, lab or workshop, where you can
refer to it when you need it. At this very
special low, low price of just $1.00, you can
afford to have your own copy of “Your Own
Computer’” everywhere you go—and give
some to friends, too.

Don’t delay. We're ordering a big reprint of
this very popular feature section, but we'’re
expecting a big demand, too. For your conve-
nience, use the coupon below to order your
own reprints of the single most authoritative,
most colorful, most comprehensive report on
today's Personal Computers, the 32-page
reprint of RADIO-ELECTRONICS’ “Your Own
Computer,” for just $1.00. Do it today.

Please send me copies @ $1.00, Total
$__ of your 32-page reprint of RADIO-
ELECTRONICS’ “Your Own Computer’ special
report. My check or money order is enclosed. New
York State residents must include State Sales
Tax.

Ms. Nancy Estrada
17 Slate Lane, Central Islip, New York 11722

Address

City State Zlp

www americanradiohistorv com
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band equalizer does its job so the results
were puzzling. A five-minute adjustment

A pseudorandom noise generator such
as the MM5837 has a periodicity of about
12 seconds. This is because the noise is
produced by an internal shift register and
at the internal clock frequency, the register
is reset when the random sequence is
exhausted—at the periodicity frequency.

The sound the noise source makes is a
combination of noise and sounds associ-
ated with this cycling. Without the pink-
noise filter, the sound resembles metallic
machinery with a rotating gear that has a
“tinking”’ sound. With the filter, the sound
is much like that of a slow heartbeat.

When | contacted National Semiconduc-
tor, manufacturers of the MM5837, the
company confirmed this condition. For the
purpose for which the IC was intended,
namely, for short-duration white noise, the
cycling effect is unnoticeable. For those
interested in avoiding this, a much longer
shift register can be constructed, say 28
bits, and the periodicity now becomes over
12 hours, virtually unnoticeable.

W. CURTISS FRIEST
Lexington, MA

using your generator and it sounded better
than ever.

However, nowhere do you specify the
reasonable lower and upper frequency lim-
its of the unit. | am also sure that the 3-dB
octave filter must be a trade-off, and | wish
you could specity +dB limits for the
slope—or supply a frequency plot showing
the notches.

If as one of your projects you could offer
a reasonably priced sweeper or 10-octave
filter set, it would be great to have a vari-
able source of pink noise. Of course, then
you get into the question of whether it
should be Y3 octave.

| fear most equalizers are of the op-amp
cut-and-boost type and there is somewhat
of a problem at the frequency extremes.
Since one can only cut all frequencies
about — 12 dB, the noise floor approaches
the normal output at very low and high
frequencies, and an accurate plot is ques-
tionable. The noise floor through my sys-
tem seems to be only about 6 to 8 dB down
from a 0-70 dB or 80 dB middte (| mean
residual pink noise from the equalizer, not
system noise) and trying to find the plotin a
system that is only —5 dB at 26 cycles gets

Your pink-noise generator is a simple, no sticky.
frills gem. It is the greatest, cheapest piece It seems one can test and experiment
of audio gear that | ever bought, and has cheaply at mid-audio band but playing with
done more to balance my system to the the top and bottom costs plenty of money!

room than anything.

Thanks for an excellent economical pro-

| have an SL meter, and the resuits of duct.
using the Ys-octave pink-noise record nev- FRANK B. HORNER
er seemed right. | know my Dynaco 10- Allenhurst, NJ

In response to Mr. Horner, let me assure
you that the PNG covers the entire audio
spectrum (20 Hz-20 kHz). In fact, an actual
spectrum analysis shows the noise to ex-
tend from below 10 Hz to beyond 40 kHz.
As for the —3 dB/octave filter, it is accu-
rate to +'; dB. There is a low frequency
beat that may cause the meter to swing
back and forth. The correct setting is when
the needle bounces equally on either side
of the reference. As Mr. Priest points out,
this beat may make the PNG unsuitable for
psychological testing and sound effects
generation. For these uses, a more conven-
tional semiconductor junction noise source
may be required.

JEFFREY G. MAZUR

ENGLISH VS. AMERICAN TV'S

| agree with E. M. Kubilus’ letter in the
January 1978 issue of Radio-Electronics. |
have been repairing English TV's for 5%
years in my spare time. The English sets
are a dream to repair compared with Amer-
ican models. | think the American manufac-
turers could benefit from the English de-
sign. Also the English picture quality is
better than the American quality.
ALFRED R. WATERS
APO, NY

IN THIS ISSUE
Everything you wanted to know about
long duration IC timers. A feature you
[ won’t want to miss.

Built to last

Our new 3'2-digit LED autopolarity digital VoltOhmyst® is quality-
constructed for long, hard service.

e Fastand accurate measurement of ac and
dc volts, current, and resistance.
e Built-in analog panel meter for peaking
and nulling.
e Hi- or Lo-power ohms selector.
e 120V/240V ac or battery operation
with built-in charger.
® RF shielded, with rugged vinyl-clad
case.

\lIZ Test
Instruments Group
of VIZ Mfg. Co.

7]
g 335 E. Price St.

) Phila. PA 19144

=

o

L—L’l Formerly
y WD-750A

a viZ $267.00 6645 Instruments
S
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DIGITAL CLOCK VARIATIONS

| thought you might be interested in my
version of the No-Digit Digital Wall Clock
featured in the June 1977 issue of Radio-
Electronics. | added a couple of features
that | think make the clock more interest-
ing:

1. | added a ring of LED's that indicate
the seconds and give a sense of motion.

2. | made the minutes and seconds rings
into ovals to add interest.

3. I used 60 LED’s for the hours instead
of 12 to more closely approximate the
motion of a mechanical clock.

I wired the clock to a surplus wire-wrap
board and modified the author’s circuit to
altow for the ring of seconds. Also | allowed
for the extra hours LED’s, plus the minutes

circuits had to be modified to allow moving
the hours every 12 minutes. In order to
synchronize the minutes and hours | added
a power-up reset circuit. The time-setting
circuits are more complex to permit setting
the seconds and to keep the minutes and
hours in sync.

In the fast-set mode, the clock is fasci-
nating to watch, with the minutes and
seconds whizzing around and the hours
ticking along. I'm thinking of building a
similar project that doesn’t keep time at all
(or can be read as a clock only with great
difficulty) but is just visuatly interesting.

Thanks a lot for the informative article.
MICHAEL MORSE
Garrett Park, MD R-E

Includes
Functional
Tilt Stand!

Introductory Offer—FREE AC ADAPTOR

The first and only lab accuracy por-
table DMM Kit featuring MOS/LSI
IC economy and reliability. Mea-
sures DC/AC Voits, Kilohms, DC/
AC milliamps in 21 ranges. Polarity
indicators and overload protection
are provided, and 0.5 inch LED dis-
plays give easiest-to-read digital
readout to 1989. The 270 features a
basic 0.5% DC accuracy, 10 Meg-
ohm input impedance, low voltage
drop in ali current ranges and auto-
matically-flashing overrange indi-
cator. Assembled $109.95

FREE '78 EICO CATALOG

Check reader service card or send 50¢
for first class mail. See your local EICO
Dealer or call (516) 681-9300. 9:00
a.m.-5:00 p.m. EST. Major credit cards

accepted -
EICO-108 New South Rd. @

Hicksville, N.Y. 11801
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International Microcomputer Exposition
Dallas-Sept. 29-30-0ct 1,19/8

Everybody who’s anybody in microcomputing will be in Dallas.

EXHIBITORS
Advanced €omputer Products
Altair
Apple
Byte Shop of Dallas
Centronics
Compucolor Corporation
Computer Dealer Magazine
Computer Headware
Computer Shop
Creative Computing Magazine
Digital Research Corporation
dilithium Press
EDS
Foundation for Quality Education
General Electric
Hobby World Electronics
Interface Age
Jade Computer Products
K A Electronics
Kilobaud Magazine
Malibu Printers
Micro Diversion, Inc.
Micropolis Corporation
O K Machine & Tool
Osborne and Associates
Page Digital Electronics

(As of April 15)

Percom Data Corp.
Phoenix Group

Popular Electronics

Prime Supply Incorporated
Problem Solver Systems
Processor Technology

Q M Data Service

Quest Electronics

Radio Electronics Magazine
Radio Hut

S D Systems

Seals Electronics, Inc.
Small Business Computer Magazine
Smoke Signal Broadcasting
Southwest Technical Products
Space Byte

Sybex Incorporated

Tandy Computers

Techno Associates

Telpar Incorporated

Texas Instruments

3M Company

VRI

Vanguard Systems Corp.
Xerox Corporation

PROGRAMS & SEMINARS

Small Business System Operation
Seminars

Hardware Design Symposium

Panel of Experts Advancements

Personal Computing Seminars Small Business Software Criteria

And many other programs for Engineers, Small Business System
Users and Personal Computing Enthusiasts

SPECIAL GUEST SPEAKERS
Carol A. Ogdin
Adam Osborne

Portia Issacson

Small Business Selection and
Installation Tutorials
Software Design & Language

Wayne Green
Robert S. Jones
Chris P. Morgan

Jim Warren A NASA Representative

Sponsored By:
Popular Electronics INTENTECE &BE
Computer &“‘m assocar,,,

Dealer ‘; ARME ot

n, «
Ornocesson €00

Call Today for Advance Registration Information.

413 Carillon Tower ® 13601 Preston Road ® Dallas, Texas 752400 214/271-9311
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equipment

reports

Chemtronics Electro-Wash
Degreaser

CIRCLE 101 ON FREE INFORMATION CARD

CHEMTRONICS INC. (45 HOFFMAN AVENUE,
Hauppauge, NY 11787) has developed a new
handy spray-can product called Electro-Wash.
This compound is a freon degreaser/cleaner
that is very effective for loosening and flushing
away grease and dirt that can cause problems
in sensitive electronic circuits. It’s nonflam-
mable, has a fast wetting action, and will not
affect plastics or any electronic component.

The manufacturers claim Electro-Wash can
dissolve oxidation. 1 had an excellent test
subject in my own antique TV set, which is a
jewel but has some problems with dirty tube-
socket contacts. So I pulled a few strategically
located tubes and sprayed Electro-Wash on
the sockets and tube bases. This seems to have
cleaned up a cute little intermittent that had
been bugging me for some time. It also helped
the tuner on Channel 13 as well as a couple of
controls!

My test sample was a 24-ounce can, a good
size for bench use. The can comes with a long
plastic needle for getting into tuners and’simi-
lar places while the TV set is on. Along with
the can came a Vibra-Jet (model V.J-1) which
has a 26-inch-long plastic hose with a fitting
that plugs right into the top of the spray can.
The nozzle is a 7-inch-long plastic tube, and
the handle is a slightly bent piece of larger
tubing. This design makes it exceedingly
handy for getting into those tight places the
big can has problems reaching.

The Vibra-Jer delivers the spray in a fast

series of pulses (similar to a “flutter” action)
for better cleaning. I cleaned up a couple of
filthy PC boards with this and they look like
new. This device is also very handy for getting
at color codes on resistors that are covered with
a '/winch layer of gook, and for identifying
resistors that have been overheated and discol-
ored.

The Vibra-Jet tubing is made of polyure-
thane, which is safe for use with any other
Chemtronics products: coolant spray, moisture
displacers, lubricants, etc. (If you worry about
the environment, Electro-Wash uses CO, pro-
pellant, which is harmless.)

Electro-Wash can be used on any kind of
electronic equipment from computers to little
transistor radios. I also used it to clean up a
sticking “U” key on my nonelectronic type-
writer with the greatest of ease! Electro-Wash
sells for $4; the Vibra-Jet costs $1.98. R-E

Advanced Video Model
FSIl Video Camera

CIRCLE 102 ON FREE INFORMATION CARD

IF YOU ARE ONE OF THE MANY THOUSANDS
of people who recently bought a videocassette
recorder, or if you plan on purchasing one,
then a video camera is something you’ll want
before long. Color cameras still cost $1500 and
up, but good black-and-white video cameras
are available for less. An outstanding buy is a
black-and-white zoom-lens video camera, the
fully assembled mode!l FSII, which sells for
$149 from Advanced Video Products, 5835
Herma, San Jose, CA 95123. If you lack an
18-volt DC supply at about 350 mA, you can
purchase the model PSVI Power Supply for

$29 more.
The monochrome model FSII can be used
indoors or outdoors, and extra lighting is not
continued on page 28
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WESTON

FREE Case Offer

Contact Your Nearest Distributor

ALABAMA

Forbes

1522 Fifth Ave. S.E

Decatur 35601 (205) 353-4762

CALIFORNIA

Metermaster, Inc.

8797 Balboa Ave.

San Diego 92123 (714) 278-2112

Metermaster, Inc.

3995 East Bayshore Ri

Palo Alto 94303 (415) 968-0313
Acro

4081 University Ave.

San Diego 92105 (714) 282-8115
Dunlap Electronics
915 North B. St.
Sacramento 95814
Wemco

300 Broadw;

Oakfand 94607 (415) 452-1936
Western Electronics Supply
6921 San Fernando Rd.

Glendale 91201 (213) 849-3451

(916) 444-8070

CONNECTICUT
The Mancib Company
Box 781

0. Box
Middletown 06457 (203) 346-6646

FLORIOA

Brownell Electro, Inc.

307 27th St.

Drlando 32806 (305) 843-6775

GEORGIA

Brownell Electro, lnc.
3020 Commerce Way
Atlanta (Hapeville) 30354
(404) 762-5181

ILLINGIS

Newark Electronics Corp

500 North Pulaski R

Chicago 60624 (312) 638-4411

McNamara Supply
332 South Michigan A
Chicago 60604 (312) 922 5032

Pacific Indicator
6603 West North Ave.
Oak Park 60302 (312) 261-1330

LOUISIANA

Butler & Land, Inc.

2669 Lexington St.

Kenner 70062 (504) 722-6363

{ndustrial Electromc Supply
2424 Greenwood Ry
Shreveport 71103 (318) 222-9459

Industrial Instruments Works
134 Laitram Lane
Harahan 70123  (504) 733-8355

Ralph Electronics
3004 Cameron St.

Lafayette 70501 (318) 234-4507

MARYLAND

Pioneer Instrumentation

91 Gaither Rd.

Ganhersburq 20760 (301) 948-1012

MASSACHUSETTS
Brownell Electro, Inc.

271 Vassar St.
Cambridge 02139 (617) 864-7500

Metermaster
13 Fortune Drive
Billerica 01865 (617) 667-8346

MICHIGAN

Ram Meter. Inc.

1100 Hilton Rd.

Ferndale 48220 (313) 547-1000

MINNESOTA

Instrumentation Sewlces Inc.

957 Winnetka Ave.

Minneapolis 55427 (612) 544-8916

MISSOUR!

Industrial Semce Labs

4354 Olive S

St. Louis 63!08 (314) 535-5760

MONTANA

Flamand Electronics Supply

9 North Broadway

Belgrade 59714  (406) 388-6606

NEW JERSEY

Brownell Electro, Inc.

500 Hadley Rd. & Durham Ave

South Plainfield 07080 (201) 753-4600

NEW YORK
Baldwin Hall Co. Inc.

P.0. Box 1245
Syracuse 13201 {315) 463-9251

E. E. Taylor Company, Inc.
465 Central Ave

Albany 12206 (518) 489-5600
Summit Distributors

916 Main St.

Buffalo 14240 (716) 884-3450

“Trott Electronics

9020 wehrle Dr.
Clarence 14031 (716) 634-8500

Electronic Devices Co.

330t Juan Tabo N.E. Bidg. 201
Albuquerque 87111  (505) 293-1935

OHl0

Hughes-Peters, lac.

481 E. 11th Ave

Columbus 43211 (614) 294-5351
Pioneer

4800 E. 131 St.
Cleveland 44105 (216) 587-3600

Pioneer/Dayton
1900 Troy St.
Dayton 45404 (513) 236-9900

OKLAHOMA

Hunzicker Bros.. Inc

501 Virginia St.

Oklahoma City 73125 (405) 239-7771

Tri-State Inslrument Lab, Inc.
6801 E. 15th §
Tulsa 74112 (918) 838-8883

PENNSYLVANIA
Pioneer/Pittsburgh

560 Alpha Dr.

Pittsburgh 15328 (412) 782-2300

Process Engineering

P.0. Box 10464
Pittsburgh 15234 (412} 516-5050

TEXAS

Butler & Land

1249F Blalock D

Houston 77055 (713) 464-4662

Meters & Instruments
6502 Gulf Freeway
Houston 77023 (713) 644-1621

Straughn Electronics, Inc.
3235 Highland Ave
Beaumont 77705 (713) 838-4563

WASHINGTON

Almac/Stroum E!ectromcs
5811 Sixth Ave. Si

Seattle 98108 (206) 763-2300

Branom Instrument Corp.
5500 Fourth Ave. So.
Seattle 98108 (208) 762-6050

Eicher/Richards Co

2727 N.E. Blakely
Seattle 98105 (206) 523-7888

WISCONSIN
Electro-Mechano Co.

241 E. Erie St.
Milwaukee 53202 (414) 272-4050

VIRGINIA

Instrument Technical Reps

1425 Blue Jay Lane

Richmond 23229 (804) 285-3931
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For a limited time only WESTON offers
this handsome carrying case...FREE...with
any Model 6000 DMM you buy.

That's right! With any Weston Model 6000 DMM you
buy between May 1 and August 31, you will

get . .. absolutely FREE . . . this handsome, sturdy
carrying case. Leather grained for a look of
elegance, the expanded vinyl is rugged and easy to
keep clean. The pouch style makes it simple to
remove or replace the meter. The case, worth more
than $15, comes with a handle for easy carrying, and
a snap-loop for hanging from a belt.

The Model 6000 is the renowned "Drop-Proofed”
digital multimeter with standard built-in autoranging
for its five measurement functions over 26 broad
ranges. All ranges, including resistance, are
provided with complete overload protection and
automatic zero calibration.

The Model 6000 comes with a “Hold" feature to
retain the LCD reading after the probe is removed.
This allows measurements to be made in crowded
circuitry or high voltage areas with greater safety.
The meter is housed in a high impact moided plastic
case to isolate inputs and to provide greater
ruggedness and durability. The inside of the 6000 is
coated with a conductive paint to shield the circuits

from industrial radic frequency interference noise
and insure more accurate readings. A sturdy,
patented plastic handle makes the meter easy to
carry, acts as a tilt stand during bench operation,
and folds down to protect the display face during
storage.

The Model 6000 also has two new optional
features . . . a manual range hold button to override
autoranging, and a d splay backlight button for
reading the meter in very low illumination areas.

You get ali of these features in the Weston Model
6000 DMM . . . and you also get, absolutely FREE, a
handsome, sturdy carrying case for extra protection.
Be sure to get in on this FREE, limited-time offer. Call
your neares: Weston sales office now!

SANGAMO WESTON

Schlumberger

WIZSTON INSTRUMENTS
a DIVISION of SANGAMO WESTON, INC
614 Frelinghuysen Avenue. Newark, New Jersey 071%4 Te . (201) 242-2600
Canada’ 1480 Dundas Hignway, Mississauga, Ontario (416) 277-3191
Europe: Ingolstadter Str. €7a 8Minchen 46, W. Germany (49-88) 31-70-31
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ou can be sure

more times in more circuits in more places

than with any other multimeters on the market today

Each Sencore DVM is backed
with 15 Megohm input im-
pedance for one third less cir-

DVM38 $395
3% DIGIT .1% DCV ACCURACY
AUTO-RANGING DVM

A “prime’ standard at your fingertips for
measurements you can trust. Auto-ranging
for extended low-level range and ease of
operation. 15 Megohm input impedance
assures .1% reading accuracy is maintained
in solid state circuits. Highly sensitive, yet
fully protected to 2000 VDC overloads. Hi-
Lo Power Ohms circuit simplifies in-circuit
resistance measurements.

DVM37 Nev $268
3% DIGIT .1% DCV ACCURACY
PORTABLE DVM

Prime standard .1% accuracy on the bench
or in the field for less than $250. The
DVM37 is the most accurate portable DVM
you can buy, with 15 Megohm input imped-
ance for 50% more accuracy. Includes auto-
matic features—Auto Zero, Polarity, Deci-
mal, Overrange. Fully protected inside to
over 2000V on all functions, including
Ohms, and protected outside with super-
rugged case. Fuli ranges for every test.
Fingertip ""Push-On’’ switch in probe saves
batteries as power is applied only when
needed.
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cuit loading on every measure-
ment. That means 50% higher
accuracy than other DVMs.

DVM32 $225
3% DIGIT .5% DCV ACCURACY
PORTABLE DIGITAL MULTIMETER
Bench and field master for digital accuracy
measurements anywhere. 0.5% DCV accur-
acy, backed with 15 Megohm input imped-
ance. Exclusive battery-saving Auto-Display
turns the display on automatically when you
make a measurement. 2000V input protect-
ion on all functions and ranges—including
Ohms.

DVM36 $158
3% DIGIT 5% DCV ACCURACY
POCKET PORTABLE DVM

Pocket portable lab accurate performance
that fits every budget with highest perform-
ance-to-price benefits of any meter..5% DCV
accuracy, backed with 15 Megohm input im-
pedance for lowest circuit loading. Full pro-
tection to 1000 V on all functions and
ranges—including ohms.  Drop-proof case.
Battery-saving "’Push On’’ button in probe.

DVM35 $134
3 DIGIT 1% DCV ACCURACY
POCKET PORTABLE DVM

Fast, direct reading digital accuracy for the
man on the go. Same features as DVM36,
except 3-digit, 1% DCV accuracy, backed
by 15 Megohm input impedance that is ten
times more accurate than analog meters.

woLTR
oc ac
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LREL SCL your faveiicy <= %TAL MIUL\T|IMETER SPECIALISTS
Sencore Full Line Distributor. 3200 SENCURE DRIVE SIGHX FALLS SD 57107 (6051 339 0100
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EQUIPMENT REPORTS
continued from page 26

usually required since the camera “sees” well
in normal room lighting. This camera has an f/
1.9 zoom lens with a focal range of 9 to 30 mm
(over a 3:1 zoom ratio) and an optical through-
the-lens viewfinder with a built-in sliding lens
protector and adjustable-focus eyepiece. The
dual-range automatic light control gives usable
pictures from 3.72 candlepower to 9293 can-
dlepower, with only one bright-dim control—
there is no iris to adjust!

The camera weighs only 2.7 pounds and
comes with a quick-release pistol-grip handle.
Dimensions (without the pistol-grip handle)
are 9 inches long by 4'/ inches high by 2.
inches wide. Snap off the pistol grip, remove a
large screw and you have a standard *s-inch
tripod socket. A PAUSE-CONTROL pushbutton
on the top of the camera lets you remotely start
or stop a video recorder at the camera, if the
videocassette recorder has a compatible pause
circuit. (With the RCA SelectaVision video-
cassette recorder, remove the camera PAUSE
pushbutton cap, unscrew and remove the min-
iature “on” bulb and replace the cap. This
remote control works perfectly when connect-
ed to the SelectaVision pause-control jack.)

All connections are made through a 15-foot
five-conductor cable that screws onto the side
of the camera. A female connector is provided
to mate with the plug at the other end. The five
conductors carry the camera video signal, the
sync pulses from the power supply (60 Hz),
the positive supply voltage, ground return and
pause control. The mode! FSII output has
standard composite video specifications: 1 volt,
75 ohm, negative sync, with 525-line scan and
full 1:2 interlace. The model FSII is all solid-
state construction, except for the 8844 vidicon
tube and the incandescent “on” bulb.

A wide-angle lens is available for $55, and a
close-up lens set, which gives up to X6 magni-
fication, costs $10.

The camera can be used with a video record-
er—for amateur TV film production, for home
or business security purposes, or for any other
closed-circuit use. Since the camera does not
have an RF output, a Video Modulator Kit
($12) is available from the manufacturer. This
kit converts the camera video output to RF on
Channels 2 to 6 (slug-tunable) so that the
camera can be *“played” into any regular TV
set. This modulator can also be operated from
the same 18-volt power supply as the camera.

Using the model FSII is simple. Plug one
end of the conductor cable into the camera and
the other end into the power supply. The
model PSVI power supply has a BNC connec-
tor for the camera video output that connects
to the video monitor or recorder (or to a video
modulator to use with a TV set). After about a
15-second warmup, a picture appears on the
TV screen (unless you’ve forgotten to lift the
sliding lens protector or turn on the power
supply!). Depending on the lighting, set the
switch on the side to OVERCAST or BRIGHT. As
you watch the TV set, zoom in on some
subject, using the lever on either side of the
lens mount. Adjust the focus for the clearest
picture. Now you can zoom in or out, and the
picture will not need refocusing. Incidentally,
the focus ring has two convenient detents for
average and distant subjects.

Full technical information, including a sche-
matic and alignment data, plus a full guarantee
come with the camera.

continued on page 30
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WIRE -WRAPPING
TOOL

$49"

BATTERIES NOT INCLUDED
BIT & SLEEVE NOT INCLUDED

MODEL BW928

@ BATTERY OPERATED @ BACKFORCE OPTIONAL

(2) Standard "C” Ni Cad Batteries (nof mcluded) Model BW928-BF .352.95
@ INTERCHANGEABLE BITS & SLEEVES POSITIVE INDEXING
(notincluded) LEIGHT WEIGHT
@ REVERSIBLE ROTATION *LEXAN "' Housing

For unwrapping, reverse batteries
*LEXAN'" GENERAL ELECTRIC

OK MACHINE & TOOL CORPORATION
34

55 Conner St., Bronx, N.Y. 10475 ¢ (212) 994-6600 * TELEX 125091
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EQUIPMENT REPORTS
continued from page 28

A. F. Stahler Tools
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SEVERAL BREADBOARDING SYSTEMS USE PC
boards with etched or stamped conductors that
you cut and jumper according to your sche-
matic. Other systems use socket buses into
which you plug components and wires. While
these are very convenient, timesaving alterna-
tives to conventional PC board layout and
etching, sometimes less-disciplined methods

are preferable. Improved layouts often result
when IC’s and other components can be posi-
tioned at nonparallel angles. Radio-frequency
circuit optimization requires painstaking at-
tention to lead length, positioning and shield-
ing. A. F. Stahler Company (P.O. Box 354,
Cupertino, CA 95014) manufactures tools and
accessories that can be used to create a flexible
breadboarding technique that overcomes these
shortcomings for small-quantity development
work.

The basic concept is to create terminal
islands within a larger sea of a single- or
double-sided PC ground plane. Two tool types
in three sizes each are used either to insulate or
isolate terminal areas on the PC layout: The
first, a series I1S6000 isolated-pad-drill tool
(shown), drills a pilot hole and a larger-diame-
ter coaxial ring, leaving a component hole
surrounded by an isolated terminal. Surface
tension tends to prevent the melted solder
from bridging the gap between the isolated
terminal and the surrounding foil. A replace-
able No. 60 or No. 69 bit is used to drill the
component hole; and, depending on tool size,
the outer concentric milling edges form a
metal circle with a diameter of 0.01, 0.15 or
0.20 inch. The smatlest-diameter tool is just
right for drilling IC patterns with 100-mil pin
spacing. The recommended drilling speed is
600 RPM.

The second type, the series IS6900 tool, is
an insulated-spot-drill that removes all the
conductive material within the outer diameter
of the tool. If, for example, you want to mount
an IC or feedthrough terminal on a double-
sided PC board, this tool removes the metal on
the component side to prevent the terminals

from shorting against the metal. A mode!
IS6010 tool could be used for additional
mechanical support on the component side, but
soldering IC pins on the top of the board
makes removal of the 1C more difficult and
increases capacitance between terminals. The
series 1S6900 is also convenient for wire-wrap-
ping terminals and sockets. In this case, the
tool is used to insulate the terminals from the
surrounding metal so that wire-wrapped leads
can be used to complete the circuit.

After initial layout, the hole center pattern
is transferred to the PC board directly. For
single-quantity designs, the layout can be done
right on the PC board itself. Isolated and insu-
lated holes are drilled and the metal is polished
with emery cloth to remove burrs and prepare
the surface for soldering. Components arc
inserted, with their leads extending a fraction
of an inch from the board to act as wire termi-
nations. The final steps are wiring, soldering
and cleaning the board with a flux remover.

These drilling tools are also very handy if
you want to modify existing PC boards; you
can easily add pads to unetched areas.

The isolated and insulated drills are avail-
able in both high-speed steel at $10.50 each, or
carbide-treated, costing $12.50 each. Sets of
the three sizes are priced at $25 and $30 for
steel and carbide, respectively.

A. F. Stahler also markets the mode!
RSDT-DIPI6 template set that prints the drill
pattern for 16-pin (or fewer) DIP 1C’s. This
$12.50 set includes a rubber stamp, a 1-ounce
bottle of fast-drying ink and a stamp pad.

For additional information, write A. F.
Stahler Company, P.O. Box 354, Cupertino,
CA 95014. R-E
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Cur MRO replacement guide is requirad ing
for people involved in maintenance, repair and opera-
tion of industrial electronic equipment.

It can solve your replacement parts problem at a
single glance because it cross-references over 35,000
type numbers of OEM parts. Linear and digital ICs,
triacs, SCRs and Zeners, plus a lot more.
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et your copy from the man who stocks the parts
for off-the-shelf delivery—your local Sylvania dis-
tributor, or write to GTE Sylvania, Distributor
and Special Markets Div., 1025 Westminster Dr.,

Williamsport, Pa. 17701.
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Professional
Technicians

1878

EW for

Foreet Belte

TRA/N/NCG
WORKSHOPS

o THREE-DAY ¢ Includes lodging

e INTENSIVE o Breakfasts, lunches, and
-TO. coffee breaks during

L AlE WORKSHOPS

° e Grand AWARDS BANQUET

o UNIQUE e FREE Extra SEMINAR

ADVANCED

VIDEO SERVICING

Featuring VCRs, Digital Controls, VIR . . .
and much more

Intensive Forest Belt teaching techniques and exclusive, proven
training aids bring you right up-to-date in the troubleshooting
and repair of today's video equipment for home or industry.

Special emphasis on solid-state and integrated circuits. See
new |F and color alignment methods you probably never
thought of. Learn about Vertical Interval Reference (VIR) auto-
matic color control in newly introduced TV receivers. Under-
stand digital and solid-state tuning systems. Participate in live
equipment demonstrations. Sit in on the industry's first look
at practical, Easi-WayTM repair of video cassette recorders.

DON'T BE LEFT BEHIND in your own industry! Be the one
technician in your region who not only keeps up but stays
AHEAD of new technology and servicing methods. ENROLL
NOW to be sure you do not miss this vital and unique Ad-
vanced Video Servicing WORKSHOP.

FREE Price and Profit SEMINAR Tuesday evening.

ADVANCED

COMMUNICATIONS SERVICING

Featuring FM Two-Way, PLL, Single Sideband . . .
and much more

Here, too, intensive Forest Belt teaching methods and ex-
clusive, tested learning aids assure you up-to-the-minute train-
ing troubleshooting and maintaining communications systems.

Special emphasis on solid-state and integrated circuits. Ob-
serve professional alignment and tuneup methods. Deal profit-
ably with Business and Land Mobile Radio—and the growing
General Mobile Radio on UHF wavelengths. Learn of new de-
velopments in Marine and Aircraft Radio. Study the latest
phase-locked loops, including their digital programming. Take
part in live equipment demonstrations. See Easi-Way™™ tech-
niques applied to communications.

GROW AS A REAL EXPERT in your specialty. Grab this ex-
ceptional opportunity to polish up your diagnosis and repair
skills. Become familiar with new technology and money-saving
instruments. ENROLL NOW in Advanced Communications . . .
a giant step beyond our popular CB Servicing WORKSHOPS.

FREE Math and Formulas SEMINAR Tuesday evening.

Hospitality Inn East
11-13 (Communications) [Interstate 70 at Post Road
or 18-20 (Video) Indianapolis, INDIANA

Centrally placed for convenient travel from anywhere in the
mainland U.S. Also timed earlier in the year, in case you should
not be away from your shop during the pre-Christmas season.
You can attend in time to prepare you for the year-end serv-
ice rush and the new sets being sold.

Comfortable, pleasant accommodations: two people to a room
(two beds). Indoor pool. Shopping downtown by freeway. Bring
your spouse if you wish, at the nominal No-WORKSHOP fee
(she joins the WORKSHOP group for breakfasts and lunches).
If you prefer to room with a specific other WORKSHOP
attendee, tell us.

September

Enroliments close August 4, 1978, or when capacity Is reached.
Per Workshop $495

South Seas Plantation
6-10 (Communications)  Captiva Isiand, FLORIDA
or 13-17 (Video) (near Sanibel and Ft. Myers)

For technicians who could use a bit of get-away time as part
of this unique training package. Two days of consulting or on-
your-own follow each WORKSHOP. Make your own airline res-
ervations, well in advance; but we take care of placing you in
our luxury cottage lodging.

Exceptional resort accommodations: four people (two bed-
rooms, four beds, two baths) or six people (three bedrooms, six
beds, three baths) in fancy beach cottages. Bring your spouse,
if you wish, at the nominal No-WORKSHOP fee (she joins the
WORKSHOP group for breakfasts and lunches). If you prefer
to share a room with a specific other WORKSHOP attendee,
tell us. Cottages have kitchen facilities. An unusual winter-
season bargain.

Enroliments ciose Sept. 15, 1978, or when capacity is reached.
Per Workshop $595

November

= == == == = = FIRST COME, FIRST SERVED = == == == == == == == = - ENROLLMENT DEADLINES ABOVE — — — — -~

Yes, enroll me promptly

for TRAINING WORKSHOP
at right.

I enclose check or money order for $.

0O $495 per WORKSHOP in Indianapolis
O $595 per WORKSHOP in Florida

Servicing

ing) at Indianapolis August 21-23, 1978.

[] Advanced Communications

[] Advanced Video Servicing
U.S. dollars.

O $175 for spouse
O $250 for spouse

{includes lodging,
same meals as for
WORKSHOP enrollee)

[ $475 for CB Service WORKSHOP (same as 1977, and includes lodg-

NOTE: You need 2 years electronics training or experience
to gain proper benefit from these Advanced TRAINING
WORKSHOPS. NOT FOR BEGINNERS.

Mail to: Forest Belt’s TRAINING WORKSHOPS,
Box 68120, Indianapolis IN 46268
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Yesterday you could admire
LED digital tuning in short wave.

Today you can afford it.
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Introducing Panasonic’'s Command Serieé‘top—of- circuitry, Panasonic’s RF-4800 cives you all these
the-line RF-4800. Everything you want in short wave.  sophisticated contrcls. Like an ail-gear-drive tuning
Except the price. Lixe a five-digit LED frequency controlto prevent ‘‘backlash!’ Szparate wide/narrow
display. It's so accurate (within 1 kHz, to be exact), bandwidth selectors for optimum reception even in
you can tune in a station, ~ crowded corditions. Adjustable
even before it's broadcasting. calibration fcr easy turing to

And with the EF-4800’s eight
short wave bands, you can
choose any broadcast
between 1.6 and 31 MHz.
That's the full frequency
range.That's Panaspnic.
Andwhat you see onthe [
outside is justa small part of [
what Panasomc givesyou 2
_inside.There's a double superheter By
for enhanced receptnon stability and%elecﬁw?y '
as well as image rejectlon An input- tunedRF
amplifier with a 3-ganged variable tuning: c_? pac

~ for exceptional sensitivity and t

L . broadcasts will vary With ant 1ze txng of d

: Ladd%txpe Ce!aﬂ% = _ﬂ o mﬁhm:eam :t - er lactgrsv”\:{i m;nei%n;ns:pﬁma?g&sge =y
lnterference M < n 3 : recetvedqﬂam hort wave madcasts : o ;

e “changesthe front-er
e Jeceméqn fmf%mm .

exact frequencies. A BFO pitch
control. RF-gcain control for
increased selectivity inbusy
signal areas..An ANL switch. Even
' separate bass and trekle controls.
~__Andif alithat short wave isn't
enough. There’'s more. Like SSB
- (single sideband) amateur radio.
AII 40 CB channels. Smp to shore.

ill really sound mc -
i 0. If you had a short wave receiver as
“You wauldn't still be reading. You'd ba.listening:
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HERE'S A MODERATELY PRICED, HIGH-AC-
curacy, high-repeatability digital timer
with a displayed range from 0.1 seconds
to 99 minutes and 99 seconds, and an
internal range up to 694.45 days (when 8
nines are entered in the minutes/seconds
range). Although originally intended for
photo darkroom use, it can be used in any
application that requires switching on up
to 150 watts for a precise time period.
The desired time is entered via a
keyboard and displayed on four 7-seg-
ment displays. As the timing interval
progresses, the display counts down and
shows the remaining time, either in min-
utes and seconds or in seconds and tenths
of seconds. An audio signal consisting of
0.1-second bursts of a 1000-Hz sinewave,
once a second, is available as an aid in
dodging and burning-in operations, when
looking at the display would divert too
much of the printer’s attention. At the
end of the timing interval, the last select-
ed time will automatically be entered into
the display and be ready for repeat use.
This allows multiple prints from the same
negative to be made without the nuisance
of entering the same time over and over.

Calculator IC controls operation

The heart of the timer is a General
Instruments calculator IC. In conjunc-
tion with peripheral logic 1C’s, it func-
tions as shown in Fig. 1. Initially, the
desired time is entered with the mechani-

BUILD

Timer for
Your Darkroom

Modern photographic processes require precise timing for the

best overall results. Mechanical timers are going out and
electronics are in. This digital timer is the last word.

cal keyboard, and the START/STOP button
pressed. Internal control circuits now
come into play and activate an electronic
keyboard. First, the selected time is en-
tered into the calculator’s memory and
the “minus” function is activated. If the
TIME switch is in the SECONDS position,
the number 1 is next entered. Then, the
“equals” key is electronically pressed at a
10-Hz rate, and .2 seconds later the
enlarger and then the audio are turned on.
Each operation of the *“equals” key sub-
tracts one (decrements) from the display
until the contents of the display are —1.
Then the enlarger is shut off and the
audio is terminated. Next the contents of
the calculator’s memory are recalled, and
finally the memory is cleared. At this
point we are back to where we originally
started, with the display showing the last
selected time, and the memory cleared. If
the same timing interval is still required,
merely press the START button to start the
sequence again. If a new time is desired,
enter it via the keyboard. The first key
pressed automatically clears the previous
time out and enters the new number in
the extreme right position. Additional
entries always appear in the rightmost
position and shift previous entries to the
left.

If the TIME switch is in the MIN/SEC
position, the selected time is stored in
memory and then a loop whose sequence
is —, delay, 4 and 1 is executed once a

wWwWw.americanradiohistorv.com

RAYMOND G. KOSTANTY

second until the contents of the D8
display become minus. Although the
loop’s sequence is —, delay, 4 and 1, the
entry of the 4 is inhibited unless the two
rightmost digits are both zero as deter-
mined by the zero-zero detector. So for
59 cycles out of each 60, the sequence 1s
effectively —, delay, blank and 1. When a
whole number of minutes is displayed,
such as 3:00, 41 is subtracted so the
display next shows 2:59. After the display
shows minus in the D8 position, the same
ending sequence described above is exe
cuted.

Time intervals up to 9999999.9 sec-
onds or 799999 minutes and 99 seconds
may be entered, but only the last four
entries will be displayed. If more than 4
digits are entered, the OVERFLOW LED
between the first and second digits of the
display lights to remind you that the
interval will be longer than the display
contents. It extinguishes when the re-
maining time becomes 99:59 minutes or
999.9 seconds.

When the TIME switch is in the MIN/
SEC position, the last two entries are
always interpreted to be seconds (even if
they are greater than 60), and earlier
entries become minutes. Thus, an entry
sequence of 4, 8, 5 will give an interval of
4 minutes and 85 seconds. The same
interval could also be obtained by en-
tering 5, 2, 5 (5 minutes and 25 sec-
onds).
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The CLEAR button sets the display to
zero and allows you to correct mistaken
time entries. Since it does not clear the
memory or reset the audio latch, it should
not be pressed during a timing interval.

The timing cycle can be halted by
either pressing the START/STOP button,
which will shut off the audio and the
enlarger, reset the display to the last
selected time, and clear the memory, or
by pressing the PAUSE button, an alter-
nate-action switch, which will halt the
timing cycle and shut off the enlarger and
audio. A second tap on the PAUSE button
allows the interval to continue from
where it was interrupted.

The rocus button, also an alternate-
action switch, turns the enlarger on for
focusing the first time it is pressed. Its
next operation turns the enlarger off and
restores control to the timer.

How it works

Figure 2 shows the block diagram of
the timer, and Fig. 3 its schematic. The
calculator portion consists of IC7, the
four displays, four of IC2’s buffers, and
the mechanical keyboard. The display
segment outputs a~g of IC7 contain the
numerical information to be displayed in
seven-segment format. Each segment
output is connected to its corresponding
anode of all four displays. The digit
outputs, DI-D9, go high, one at a time,
starting from D1 and going through D9
(and two additional internal states), and
complete the cathode circuits of each
display sequentially, thus determining
which readout will display the informa-
tion on the segment lines. The segment
outputs are open-drain current sources to

< START )

NO ENTER

DESIRED
TIME

DISPLAYED
TIME = DESIRED
TIME?

PRESS S/

ENLARGER AND
AUDID ON

ENLARGER AND
AUDID ON

]

YES

CONTROL JUMPS

- HERE IF STOP (S
PRESSED DURING
v TIMING CYCLE

ENLARGER AND
AUDID OFF

MEM RCL
MEMCLR

FIG. 1—OPERATIONAL DIAGRAM of the digital darkroom timer. An electronic calculator IC and its

memory are vital to the timer operation.

Resistors /. watt, 10% unless otherwise
noted

R1—10,000 ohms

R2-—22,000 ohms

R3-R5, R10-R13, R15, R17, R19, R20—
100,000 ohms

R6-R8--2700 ohms

R9— 100 ohms

R14, R16, R18—5600 ohms

R21—75,000, 5%

R22—510,000 ohms

Capacitors 10%, 15 VDC ceramic discs

C1—100 pF
C2, C6-C9—0.1 uF
C3—.02 uF
C4-—.05 uF
C5-—.01 uF

D1-D3—1N4001, 1N459 or equal silicon
diode

LED1-LED3—light-emitting diode,
Monsanto MV-50 red or equal

DIS 1-4—7-segment LED digits. Fairchild
FND357 (0.362 in.) or FND70 (0.250 in.)

1IC1—4018 resettable divide-by-N counter

1C2—75492 6-digit MOS to LED driver

IC3, IC15—4001 quad 2-input NOR gate

IC4, IC16—4011 quad 2-input NAND gate

IC5-—4071—quad 2-input or gate

MAIN BOARD PARTS LIST

IC6, IC10—4017 decade-counter/divider,
10-line output

IC7—C-685 calculator (General
Instruments)

IC8, IC11—4016 quad bilateral switch

IC9, 1C12—4081 quad 2-input AnD gate

IC13—4019 quad anp-or select gate

1C14—4027 dual J-K master-siave flip-
flop

PBO-PB10—SPST momentary push-
button switches. Part No. DC-61-05
(Datanetics, 18065 Euclid St., Fountain
Valley, CA 92708)

Key caps for PBO to PB10. Datanetics
part numbers:

40-3091-03 40-3097-03
40-3092-03 40-3098-03
40-3093-03 40-3099-03
40-3094-03 40-3100-03
40-3095-03 40-7170-03
40-3096-03

$1-83—SPDT rocker switch, UID type
RSW-06-12-SD-BB-S-B1-BK or RSW-
06-12-SD-B1-S-B1-BK (UID Electronics
Div., 4105 Pembroke Rd., Hollywood,
FL 33021)

84-85—SPST alternate (push-to-pock,
push-to-release) action switch,

Switchcraft UP-50 1L with PB-11-02

caps
56— SPST momentary switch, Switchcraft

UP-101M with PB-11-02 cap.
J1—RCA-type phono jack
Miscellaneous— Four rubber or plastic

feet, 14 X 2'z-inch red filter for display

cutout, duplex receptacie, IC sockets,
nuts, bolts, wire and solder.

Note that the following parts are
available:

IC7 (C-685) $6.50; case $11.00; main PC
board, glass-epoxy etched and drilled
with plated-through holes $15.00. The
power supply PC board, etched and
drilled $6.00. Switches S1-S3 $2.25; S4-6
$2.50; PB0O-10 $7.00. Relay $2.30.
Complete kit of all parts except solder
$90.00. Assembled, tested, ready-to-use
timer $120.00. All prices include postage
California residents add sales tax as
applicable.

Order from R. Kostanty, PO Box 1042,
Gardena, CA 90249. Allow 3-4 weeks for
delivery; add 2 weeks for non-California
checks to clear. Foreign orders same as
above, U.S. funds. Power transformer
not shipped to foreign countries.
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FIG. 2—FUNCTIONAL BLOCK DIAGRAM of the timer. Timing input is via a mechanical keyboard. The
electronic keyboard operates from internal commands.

B+ which can directly drive one segment
of a LED readout. The digit outputs, also
open-drain current sources to B+, do not
have the capability of handling up to
seven times the current of each segment,
so they are inverted through the high-
power buffers in IC2 before being con-
nected to the common cathodes of the
displays. Each digit output from IC7 is
high '/u of the time, at a frequency of
about 130 Hz.

The calculator 1C (IC7) also uses the
digit outputs to determine which func-
tions or numbers are being entered. In
Fig. 3, PBO to PBI10 (the solid squares)
are the mechanical keyswitches which,
when pressed, short one of the 9 digit
lines to one of the 3 “K” inputs. (Func-
tions electronically activated are shown in
dotted squares.) The calculator decides
what to do based on a combination of the
voltage present at KP, KN or KO, and
the timing of this voltage with respect to
the digit outputs. If, for example, KN is
high simulitaneously with D5 (as it will be
if PB5 is pressed), the number 5 is
entered as input data. Similarly, if pins 3
and 4 of IC11 are shorted by the electron-
ic switch inside IC11, a high will appear
on KP during interval D6 and the memo-
ry recall function will be activated.

(Yes, a complete calculator could have
been included as a function of the timer.

But in view of the $8.00 cost of ready-to-
use commercial units, the additional cost
of 5 extra mechanical keyswitches and
the 4 extra displays required to display
the answer to noneven division could not
be justified.)

Each time the START/STOP button is
pressed, differentiator C2-R6 produces a
negative pulse which lasts about 250
microseconds at IC3 pin 12. This pulse is
latched by haif of IC14. When pin 14 of
IC14 goes low, sequencer ICI10 is en-
abled.

Device IC10 is a decade divider whose
10 outputs sequentially go high, non-
overlapping, in the direction from 0 to 9,
each time its clock input on pin 14 goes
high if pins 13 and 15 are both low. Just
prior to the pressing of the START button,
the divider is inhibited because pin 13 of
IC10 is high, and is resting with only its 0
output high. When IC14’s pin 14 is
latched low, divider 1C10 outputs 1, 2, 3
and 4 sequentially go high at a rate of 0.1
second per step, and in conjunction with
IC8,9,11, 12 and 13 perform the Memo-
ry Add, Minus and, if in the seconds
range, | functions as shown in the flow
chart. When the 5 output of IC10 goes
high, the latch which feeds pin 13 of IC10
is reset, causing pin 1 IC10 to remain
high for the duration of the timing cycle,
1C6 to be enabled, and pin 6 IC12 to be

wWwWw.americanradiohistorv.com

high. Succeeding clock pulses advance
decade divider IC6 (which is identical to
IC10) and activate the Equals function,
which decrements the display once each
time it is activated.

The outputs from 1C6 reset the zero-
zero detector, provide a signal to turn on
the audio oscillator and set the latch
formed by 2 of IC3’s gates 0.2 second
after the Equals function is first per-
formed. (The zero-zero detector, 1C4-a
and b, IC15 and IC14-a, produces a high
when zeroes are in the rightmost position
on whole-minute intervals.) This delay
compensates for a one-time delay in the
calculator IC the first time the Equal
function is performed. (The fact that
latch IC3 is set once a second by 1C6-7 is
incidental.) IC3’s output, after being buf-
fered by Q1, drives a relay on the power
supply board which turns on the triac that
energizes the enlarger. The relay simpli-
fies gating the triac from low-level logic.

Countdown continues until a minus is
detected in the D8 position or until the
STOP button is pressed. Either event
causes a positive pulse at 1C14-9. Inte-
grated circuit IC14 changes state and
resets IC3 to turn off the enlarger and
allows IC10 to continue sequencing. Out-
put 7 from IC10, which is only required
when in the minutes/seconds range, ter-

{continued on page 86)
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BUILD DIGI-TOLL

Save On Long
Distance

Phone Calls

Part I|— Special-purpose electronic
timer helps you effect considerable
savings in telephone toll charges as
you time calls the same way Ma Bell does

FRED BLECHMAN, K6UGT

THE DIGI-TOLL BACKBOARD (foreground pho-
to) carries the switches and most small compo-
nents. The front board (in background) has

BEFORE STARTING TO BUILD ANY OF THE
Digi:Toll versions, take care in compo-
nent selection and substitution. Certain
electrical parts are critical for maximum
performance. For example, components
T1, D5 and R6 are carefully balanced to
provide maximum within-specification
segment current to the displays. Since the
3817 IC can only drive 8 mA-per-seg-
ment, specially graded displays (bright-
ness code 08 or 09) are a must. Also, D3
and D4 are special low-voltage-drop ger-
manium diodes nceded to equalize DIS]
segment brightness.

The Digi.Toll circuitry can be hand-
wired on perforated board, if desired,
using ‘“‘junk-box” components, but the
results will reflect this approach. You can
make your own PC boards, as shown in
Figs. 3, 4 and 5; however, note that the
back board, shown in the foil patterns of
Figs. 3 and 4, is two-sided with plated-
through holes; this is not exactly a begin-
ner’s PC board project. In addition, both
boards must be precision-cut when using
the Digi:Toll enclosure.

Also, several special mechanical com-
ponents, such as the header strips used to
join the PC boards, the specified switch-
es, the extruded aluminum case, the dis-
play lens and the screened data plate, are

clock IC and displays.

Assembly of the standard Digi:Toll
from the complete kit is very simple, and
shouldn’t take more than an hour. The
instructions provided are detailed and
complete. However, since you may want
to purchase partial kits, or use some of
your own components, the construction
described in this article will assume
you’ve decided to “roll your own,” using
the PC boards and critical components
specified.

The standard Digi:-Toll 12-hour dis-
play/24-minute elapsed timer does not
require any foil breaks or special jumpers.
If you plan to construct any of the option-
al versions, you should first make the
specified foil breaks shown on the sche-
matic table of Fig. 2 and in Figs. 6 and 7.
You can make the breaks easily using an
X-Acto knife or a razor blade, being care-
ful not to cut other foil traces. All foil
breaks, except for F and D, are on the
back board, and all breaks on the back
board, except for C, are on the compo-
nent side of the board. Do nor add any
jumper wires yet.

The back board

Start by assembling the back two-sided
PC board, oriented as shown in Fig. 6.
Install a few components at a time into

the cutoff leads for jumper wires if you
make a modified unit. Install resistors
R1, R2 and R3 first, then diodes D1 and
D2, observing diode polarity. Next, in-
stall the bridge rectifier, making sure the
marked pins (+ and —) face capacitor
C1. Remove the excess coating from the
leads of the small capacitors before instal-
lation so that the coating doesn’t interfere
with proper soldering; twist the coating
off with pliers, even with the bottom of
the capacitor body. Install capacitors C2,
C3, C4, C5 and C6 in the positions
shown. Insert resistor R6 into the board
and then raise it about /e inch above the
board; this resistor runs hot in normal
operation and should be given some
“breathing” space. Next, install large ca-
pacitor C! (be careful of the polarity!),
then the switches. When soldering the
switches to the board, make sure that all
the terminals are seated in the board
holes, that the switch bodies are parallel
with the board and that the plungers face
upward. After soldering the switches to
the board, snap the switch pushbuttons
onto the plungers—it takes firm pressure.
Next, insert the AC-cord leads from the
transformer into the botrom of the PC
board and solder them on the component
side. Set this subassembly aside while you

necessary to reproduce a high-quality the board in the locations shown. Solder work on the front PC board. c
unit. Since some components may be on the bottom side, using a 25- to 50-watt <
hard to obtain in single quantities, a  soldering iron and 60/40 resin-core sol- The front board ®
complete kit is available. der, then clip off the excess lcads. Save Assembling the front PC board is even >
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Fig. 3—FOIL PATTERN for rear (solder side) of
back beard is shown full-size. Switches are on
this board.

easier. Figure 7 shows the components
layout. Insert all components into the
blank side of the board, and solder on the
foil side of the board. Resistors R4 and
RS are installed first, followed by diodes
D3 and D4, and then by diode DS5. The
colored ends of D3 and D4 are the cath-
odes (the bars in diode symbols). The
cathode of D5 is clearly marked with a
black band. Next, solder the wire jumpers
into all the 19 holes at the top of the
board except for the center hole. These
jumpers will mate with the back board, so
their length and type will depend on
whether you intend to place the display a
remote distance from the switches that
are installed on the back board. You
might, for example, want to use some
ribbon cable between the boards. You
should be aware, however, that this could
cause some spurious signals to be gener-
ated, and the boards shoulid be as close as
your application will allow. The best
arrangement is to close-couple the boards
using header strips. If you cannot locate
header strips, then you must use the more
tedious (and structurally inferior) ap-
proach of installing individual bare-wire
jumpers. The header strips (supplied with
the kit) are bent at a right angle at one
end, to be used for right-angle panel-
mounting (see Fig. 8). If you are using
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Fig. ——BACK BOARD component side has this
foil pattern (aiso full-size). Plated-through
holes connect front and rear foils.

the Digi:Toll cabinet, use a bending tool
to form the free ends of the jumpers or
header strips to a 45-degree angle. Fig. 9
shows how this is done with the bending
tool provided in the complete kit. (The
header-strip wires are very tough, and
while they can be bent with pliers, multi-
ple flexing to achieve just the right angle
can cause them to break—hence, we
recommend using the bending tool.)

Next, install the displays, being careful
to orient them properly; the scalloped
edge is the top of the digit, but DISI
must be installed inverted so that its deci-
mal point can be used as an indicator
dot.

Install the clock IC last. Be careful
when you handle this device, since it can
be damaged by static discharges when not
in its conductive carrier. Before installing
the IC in the PC board, it will first be
necessary to make the pins perpendicular
to the body (they are manufactured
bowed-out). Figure 10 shows how to
preform the pins on a flat (and non-
charged) surface. When you install this
IC into the board, be very sure the index
notch faces the left side, as shown in Fig.
7, unless you enjoy unsoldering 40 pins
simultaneously to remove the IC! A sock-
et was not used in the Digi:Toll since it
would not allow the unit to clear the
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Fig. 5—FULL-SIZE FOIL PATTERN for the front
board. This board holds the clock IC and 7-
segment displays.

extruded custom case; if you use a differ-
ent enclosure, you could install a low-
profile 40-pin socket here.

Joining boards and modifications

The front and back boards are mated
by inserting the 18 projecting header-
strip pins (or jumper wires) from the
front board into the holes at the top of the
back board. Do not solder these pins or
wires until you align the boards. If you
intend to mount the unit behind a panel,
as shown in Fig. 8, make sure to provide
enough space between the boards so that
the display and switches can be properly
located behind the panel openings. If you
mount the Digi-Toll in its custom enclo-
sure, the boards must be properly spaced
and aligned at a 45-degree angle, as
shown in Fig. 11. The ecasiest way to
insure proper alignment is to use the
enclosure itself as an assembly “jig.”
Insert about '/2 inch to | inch of the
boards into one end of the extrusion,
which has slots for the boards, and space
the boards '/5: inch apart at the top, using
the two plastic strips supplied with the
cabinet.

If no modifications are being incorpo-
rated in the version you build, solder all
the header-strip pins, or jumper wires, on
the component side of the back board. If
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Fig. 6—COMPONENT PLACEMENT for the back
board. Check locations of jumpers and foil
breaks used in the various Digi-Toll options.

modifications are being made, do not
solder those pins that connect to modifi-
cation jumpers.

The Modification Table of Fig. 2 de-
fines which jumper wires are required for
each version. The longer jumpers are
made from an appropriate length of insu-
lated wire, with /s inch of insulation
stripped from each end. The shorter
switch jumpers can be bare wire, or
salvaged cutoff component lead wires.
Figure 6 shows all 11 jumpers; but use
only those that are required for the
chosen modification! Diode D6 (used
only with modification “L”) and the
jumpers going to the switches should be
connected to the solder lugs on the
switches. Jumpers going to pins 6 and 9
on the header strips should be wrapped
once around the header pin and soldered.
The top end of jumper JI1 can be
soldered in the empty hole (position 10).
Keep jumper J1 clear of the top of the
board by at least '/s inch so that it does
not interfere later on with installation
into the custom cabinet.

Testing & final assembly

The unit should be tested before being
installed in a cabinet or behind a panel.
For the unmodified units, follow this
procedure:

X7
Sd141S 430V 3H

«089°%

Fig. 7—THE CLOCK IC, tour displays and five
other components are on the front PC board.

1. Place switch S1 in the up (time-
mode) position and plug in the
transformer. The display should
light up, with the dot indicator
blinking to indicate a power inter-
ruption. Pressing either switch S3
or switch S4 (SLOW-SET Or FAST-SET)
will stop the blinking.

2. Set the proper time using switch-
es S3 and S4, checking the seg-
ments as the time advances to
see that they all light up when
they should.

=

[ 1t}

0o

Fig. 8—THE DIGI-TOLL can be panel-mounted
if desired. This is a suggested installation
scheme.
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3. Press switch S1 once so that it
stays down (elapsed-time mode).
The indicator dot should disap-
pear and the display should count
seconds.

4. Press switch S2 to reset the
elapsed-time display to 00 00.

5. After several minutes, return
switch S1 to the up position by
pressing it again. The time-of-day
and indicator dot should reap-
pear, and should have advanced
to the current time. Pressing S1
down again should display the
elapsed time at the point where it
was stopped, and seconds-
counting should continue from
that reading.

For version “T,” the test procedure is
similar to that for the standard unit,
except that there is no dot indicator, and
power interruption is signaled by the
blinking of one or more segments of
DISI.

Version “L” is the same as modifica-
tion “T,” except that depressing switch
S2 (ELAPSED-TIME RESET) while in the
time mode (switch S1 is up) will reset the
time display to 00 00.

For modification “W,” the testing pro-
cedure is somewhat different:

1. Place switch S1 in the up (TIME)
position and plug in the trans-
former. The display should light
up, and power interruption is indi-
cated by one or more missing
segments in DIS1 (the segments
do not blink, since counting is
inhibited). The display should not
change until the elapsed timer is
used.

2. Place switch S1 in the down
(ELAPSED-TIME) position and the
display should start counting sec-
onds.

3. Reset the elapsed-time display by
pressing switch S2. The display
should go to 00 00 and resume
seconds-counting when switch
S2 is released. Allow the unit to
run for 20 minutes to verify that
all segments light up when they
should.

4. Return switch S1 to the up posi-
tion. The display should read the
total time that the elapsed timer
was on. This display should not
change (you must watch it for
more than a minute to verify this).
When the elapsed timer is used
again (switch S1 is down) it will
“add” to the total-time display
(S1 is up), thus accumulating (or
totalizing) the individual elapsed
times to 23 hours and 59 minutes,
and then repeat.

5. When switch S1 is up, pressing
switches S3 and S4 simulta-
neously should reset the total-
time display to 00 00.

Modification “P” does not change any
of the operating modes, therefore testing
is the same as that for any of the above
versions. When operated on a 50-Hz line
with the recommended transformer, the
display may dim a little, and the trans-
former will become warmer than when
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the unit is operated on a 60-Hz line.
Finally, it should be noted that a power
failure in the elapsed-time mode (switch
S1 is down) is indicated by flashing DIS|1
segments on all versions.

If problems develop in testing, the
display indicates the symptoms, and Fig.
2 can be used for examination and diag-
nosis. Be particularly wary of incorrect
polarity of RECT], capacitor CI and all
the diodes. Also, make sure the IC1 index

COMPONENT SIDE

e e g 4

45° sTOP

Fig. 9—A SPECIAL BENDING TOOL—supplied
in the complete kit—is rec \ded for form-
ing the header strip lugs.

RIGHT ANGLE

77 W(]/\;lKFACE )

Fig. 10—HOW IC PINS ARE PREFORMED so
they are perpendicular to the body before the
device is mounted on the PC board.

1/327PLASTIC SPACER

uofmfag

1T
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o

Fig. 11.—HOW THE PC BOARDS ARE ALIGNED
prior to mounting in the custom Digi-Toll cabi-
net.

notch and all the display digit notches are
properly located. Remember that DIS] is
inverted! If all the components are prop-
erly installed, check for bad solder
joints—continuity checks should find
those. Of course, there is always the
possibility of a defective component, but
this is less likely than the troubles just
described.

When your checkout is complete, you
must provide a suitable enclosure or
mounting. If you mount the unit behind a
panel (Fig. 8) be careful not to short-out
or drill through any circuit paths when
making mounting holes in the PC
boards.

If you use the Digi:Toll custom case,
slide the completed and tested assembly
into the right end of the extrusion with
the line cord extending to the right. The
display should face you. It is necessary to

slightly depress switches S3 and S4 when
they reach the end of the right-hand
switch notch so that the assembly can
continue to slide into the case. You can
use the long plastic strip provided with
the case to protect the switches from
scratches. Insert the strip from the left
end of the extrusion and fit it between the
pushbuttons of switches S3 and S4 and
the underside of the extrusion as you
move the pushbuttons into the case and
slide the strip along with the buttons until
they pop up into the left-hand case
notch.

Using screws, attach the left-end cap
loosely. Slide the plastic data plate into
the upper slots. Remove the protective
covering from the display lens and insert
it into the lower front slots, making sure
the antireflective dull side of the lens
faces out. Now, screw on the right-hand
end cap with the two remaining screws,
dressing the power cord through the
notch in the rear of the right-hand end
cap. Before tightening each end cap,

it is only 2:30 PM in California). Con-
versely, Californians dial New York early
(before 8:00 AM) and reach New York-
ers at work at the lowest possible rates!
Figure 12 summarizes the three least
known facts about company billing:

1. The initial period rate for unas-
sisted calls (no operator), such as
direct-distance-dialed calls, is for
only one minute, not three min-
utes, as generally thought. Al-
though this first minute costs
more, you are not charged this
rate for additional minutes.

2. On operator-assisted calls, the
initial period rate is for three min-
utes, so any amount of time up to
three minutes cost the same.

3. Additional minutes are timed in
full-minute increments.

In other words, you pay for a full minute
even if you are on the phone for only one
second of that minute! For example, a
five-minute, one-second call is billed as
six minutes. Hang up a few seconds soon-

FAST SET 4 TIME P SLOW SET

ADDITIONAL MINUTES l

[ TIMING DATA | INITIAL PERIOD

RESET 4 ELAPSED TIME P RUN

T DATA

SAT | SUN |  MON-FRI

UNASSISTED 1MINUTE
ASSISTED 3 MINUTES

TIMED IN FULL
MINUTE INCREMENTS

8:00AM - 5:00PM FULL RATE

5:00 PM-11.00 PM [ 35%DISCOUNT

Flashing dot W indicates power failure - Reset TIME

__11.00PM-8:00AM 60% DISCOUNT

Fig. 12—DATA PLATE helps you save 15% or more when you use it while making long-distance

calls.

make sure the display lens is properly
seated in the end-cap pockets. Finally,
attach the four adhesive foam feet to the
bottom of the cabinet near the corners.

Put it to work

With or without a Digi:Toll, the real
key to significant telephone savings is for
you to understand the phone company
timing and discount schedules and use
them to the best advantage. Just timing
calls for logging purposes, or using a
timer to become aware of the seconds and
minutes, is not enough! It is how you use
this timing data that will really add up to
dollars saved.

The timing and discount schedules are
summarized in the data plate in Fig. 12.
It is not only how Jlong you talk that’s
important, but when you place the call.
For example, if you originate a long-
distance call between 8:00 AM and 5:00
PM, local time in your area, on Monday
through Friday, you pay the full rate. On
Saturday and Sunday, however, during
the same hours, you are only charged
40% of the full rate—a 60% discount.
The same applies to calls made from
11:00 PM to 8:00 AM any day, and from
5:00 PM to 11:00 PM on Saturdays. On
all other days (Sunday through Friday),
the 5:00 PM to 11:00 PM calling period
costs only 65% of the full rate (35%
discount); so, obviously, there is a consid-
erable savings in placing calls at the best
time of day, and in taking advantage of
East-West time differences (i.e., when it
is 5:30 PM in New York (35 % discount)
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er, and you save the charge for one whole
minute. At 15¢ to 40¢ per minute, this
can add up!

Now, with this information, you can
use your Digi:Toll to save yourself a lot of
money. When using the standard
Digi:Toll on a long-distance or timed
local call, first select the time-of-day
display and check the discount data on
the data plate (Fig. 12) to see if you
should reschedule your call to a discount
period, or to a higher-discount period.
Then, immediately after dialing, push
switch S1 down (into the elapsed-time
mode) and hold down the RESET pushbut-
ton, switch S2, until the other party
answers (or when conversation starts on
person-to-person calls). When you re-
lease switch S2, the count starts and you
have synchronized the Digi:Toll's elapsed
timer with phone company timers.

Since the Digi:Toll now tells you ex-
actly how long you've been on the phone,
you can use several methods to save
money: (1) You can limit your call to
some pre-established average maximum
length. (2) You can eliminate unneces-
sary additional minute charges by trying
to complete calls before a new minute
begins. (Telephone company timing ends
when either party hangs up.) (3) You can
use time that you have paid for but, with-
out a seconds timer, would normally lose
to the telephone company. If you must
begin a new minute or do so accidentally,
take advantage of the unused portion of
the minute by making sure you've cov-
ered everything you want to and avoid
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making another call.

When the call is completed, record the
elapsed time in a long-distance log if you
use one and return switch Sl to the up
(time-of-day) position. If you can’t log
the call immediately, the “memory” fea-
ture allows you to recall the elapsed time
by just pressing switch S1 down when
you want it displayed. It will, of course,
continue counting from that point as long
as switch S1 is down.

If the elapsed timer of a standard unit
is used when the real time goes from
12:59 to 1:00, it is possible for the nondis-
played time-of-day to be altered because
the internal clock logic doesn’t know
whether to go to 1:00 or 13:00. To mini-
mize this possibility, return the unit to
the time-of-day mode when the elapsed
timer is not actually in use. (On any
modified unit, such a condition will not
occur since all display modes are in the
24-hour format.)

When you use the 24-hour modifica-

tion **T,” cost-cutting techniques are sim-
ilar. However, ham radio operators can
sct the time-of-day display to Greenwich
Mean Time (GMT) for international
contacts, and can use the elapsed-time
display to remind them to identify their
station every 10 minutes, or to time
*‘phone-patch™ calls out of the local area.
For international phone calls, a time chart
can help you determine the best times for
the best discount, yet not call someone in
the middle of the night at their end!

The modification L Digi:Toll can be
used for long-distance calls just as a stan-
dard unit, but you can also use it for
timing conferences and consultations, or
for time periods longer than 24 minutes.
These timed periods can be used for bill-
ing or other record-keeping purposes.
This modification also makes an excellent
research or test-lab 24-hour elapsed
timer. At the beginning of the timing
period, just press RESET pushbutton S2
while in the time mode, and the display

will go to 00 00 and start counting and
displaying hours and minutes. Of course,
the time-of-day function is temporarily
lost, but can be reset whenever desired by
using switches S3 and S4

Modification “W™ provides you with a
24-hour totalizing timer that is valuable
on “limited WATS" calls where tele-
phone time is purchased in blocks (soon
all WATS time will be limited this way)
When the 24-minute timer is used in the
usual fashion, the 24-hour totalizing
timer will keep a continuous record of
how much block time has been used or
how much remains. At the end of your
specified accounting period, just zero the
totalizer with switches S3 and S4 and
start totalling a new accounting period,

With this minicourse in telephone
charges and a Digi:Toll to put you in
“sync” with Ma Bell’s billing equipment,
you can now pick up your phone, sit back,
put your feet up on the desk and start
saving your money!' R-E

Burglar Alarm Switches Made Easy

HAROLD PALLATZ

WITH JUST A SMALL SAW, SANDPAPER AND
a few parts, a good, inexpensive type of
burglar alarm switch can be made. If
purchased on the open market, the Mag-
netic Proximity Switch costs from $3 to
$5 per unit. You can build it yourself for
under 50¢. Each unit takes 10 minutes to
make and the materials are readily avail-
able. If you have, say, 20 windows and
doors in your home or shop, the switches
would cost only $8 instead of $80.

These magnet-activated switches are
good for many reliable operations; they
are used by the armed forces in many
critical electronic applications. They are
most dependable; they have a magnetic
reed that flexes to open or close the
switch contact when a small magnet is
brought near it. Since there is no mechan-
ical linkage or plungers and there is no
physical contact with the magnet, there is
very little that can go wrong. The switch
itself is cemented to the window frame,
and the sliding member of the window
has a small bar magnet cemented to it.
The body of the switch is stationary at all
times.

Construction

Take the plastic casing of an old ball
point pen—the type with a clear plastic
hexagonal or octagonal body. Saw the pen
into sections, removing the center ink
supply after the first saw cut. It is impor-
tant to use a fine-tooth saw and to work
very slowly to prevent the plastic from
cracking or overheating and then melting
back together during sawing. File or
sandpaper smooth the plastic end sec-
tions. Insert the magnetic switches into
place and epoxy the ends of the plastic

CUT PLASTIC
TUBING INTO
SECTIONS.

MAGNETIC
PROXIMITY
SWITCH

FASTEN SWITCH INTO
PLACE WITH FAST-SETTING | i
EPOXY CEMENT.

SMALL METAL BAR
MAGNET MOUNTED

wmnow
\\ N

~

~—
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INEXPENSIVE MAGNETIC INTRUDER SWITCH is made from a tiny magnetic reed switch encased in
sturdy plastic housing made from a ball point pen. Mounting in window or door frame is simple.

tube with a fast-setting epoxy cement.
(Do not get any cement on your fingers,
as some types may react with the skin.)
The wire ends of the switch should
protrude from the plastic sections. When
the cement is hard, the body of the switch
can be glued (or fastened with a small
metal or plastic clamp) to the stationary
side of the window. A small l-inch-long
bar magnet is cemented, stapled or taped
to the door or moving side of the window
so that it comes within '/s inch or so from
the switch. For connection to the switch

www americanradiohistorv. com

ends, the intruder alarm wire is simply
soldered to the switch leads. However,
solder quickly so as not to overheat the
glass or the epoxy.

The uncased magnetic proximity
switches can be bought new from most of
the larger electronic supply stores. They
are also available from electronic surplus
outlets for 15¢ to 25¢ cach. The small |-
X */e-inch bar magnets can usually be
obtained from the same sources at about
the same prices, as well as from local
hobby supply stores, R-E
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TEST EQUIPMENT

Part 2—The audio oscillator most-often-used today is a sophisticated
instrument that is a far cry from the simple AF signal source.
This is a continuation of the story on the latest types.

THIS IS ONE OF A CONTINUING SERIES OF
articles on test instruments, their theory
of operation and applications. This story
on audio oscillators began in the April
issue.

Synchronization output signal

Frequently audio oscillators not offer-
ing a squarewave output provide a
squarewave of very limited capability.
The purpose is to obtain a high-level
waveform that can be used for triggering
oscilloscopes or synchronizing other
equipment. The difference between a
synchronizing output and a true square-
wave output may be subtle. However, a
synchronizing output cannot be expected
to have an output attenuator, a constant
or controlled output impedance, con-
trolled output amplitude or control sym-
metry.

Output metering circuits

A metering circuit connected at the
power amplifier output permits precise
output-level settings with the variable
attenuator. This feature eliminates con-
necting an AC vacuum-tube voltmeter to
the audio oscillator for level setting, as is
often necessary with oscillators without
internal metering circuits where the ab-
solute value of the output signal ampli-
tude is not known. These metering cir-
cuits are generally peak-reading and
RMS-calibrated. However, such a meter
is completely adequate on low-distortion
sinewave oscillators. It may begin to jitter
as the output frequency is reduced from
20 Hz. In the 1-Hz or 2-Hz range, the
meter may actually follow the output
waveform, swinging from zero to a peak
value. When this occurs, the output am-
plitude of the generator should be estab-
lished at a frequency greater than the
jitter point.

Some audio oscillators offer a switch-
selected internal load. With the internal

* Manager, Design Engineering, Heath Co., Ben-
ton Harbor, MI.

load connected, the output amplitude is
reduced by a factor of two, compared to
the no-load voltage. This internal load is
necessary because metering circuit cali-
bration depends on a proper load at the
attenuator’s output terminals. Often the
load connected to an audio oscillator is
essentially an infinite impedance. Such a
load can be metered correctly by simply
switching the internal load in parallel
with the output terminals.

Frequency synchronization

A number of higher-priced audio oscil-
lators offer a feature that permits syn-
chronization of the audio oscillator fre-
quency to an external standard. This is
useful when a high degree of frequency or
phase relationship control is necessary,
but when the reference signal is not pure
enough to use in the particular experi-
ment. Frequency synchronization specifi-
cations indicate the synchronization lock
range—that is, how closely the oscillator
must be tuned to the reference frequency
to establish synchronization. The ampli-
tude and waveshape required of the syn-
chronizing signal is also specified.

Such locking schemes frequently result
in a phase shift between the reference
signal and the phase of the audio oscilla-
tor output. If the two frequencies are
identical—that is, if the audio oscillator
has been tuned to the reference frequen-
cy—the phase shift is a constant. Howev-
er, it is common for the phase shift to
vary when tuning the audio oscillator
frequency away from the signal. Of
course, the instrument must remain with-
in its Jock range to achieve any synchroni-
zation at all.

Low-distortion modes

Some audio oscillators have a special
low-distortion feature, in which an in-
creased time constant for amplitude feed-
back control is used to reduce distortion.
The effect is primarily intended to im-
prove the distortion specification at low

CHARLES M. GILMORE*

frequencies. The increased time constant
increases the settling time of the oscilla-
tor. This means that amplitude variations,
caused by changes in frequency,
last longer than under normal condi-
tions.

Battery operation

Battery operation, which is offered by a
number of oscillator manufacturers,
should be used in two cases: When oscil-
lator portability is important, such as in
an area where power is difficult to obtain;
or where power connections limit opera-
tional flexibility.

Battery operation can serve another
purpose in the laboratory. Battery power
means that the oscillator can be operated
with no true connections to earth ground.
In other words, the oscillator can be
floated at any desired potential. Certain
basic precautions must be taken to insure
that no contact with an audio oscillator
case floating at a high potential is made
by either the operator or some object at
earth ground; such a contact could cause
circuit damage or personal injury.

High output levels

A less commonly advertised feature of
the oscillator is its ability to create much
higher output levels than a generator. For
special applications, audio oscillators can
be obtained with levels approaching 100
volts. Such instruments are not consid-
ered conventional, but only serve a spe-
cialized purpose.

Attenuator range

As noted earlier, the attenuator can
vary from a very simple, limited-range
device to a complex circuit with a great
number of step ranges. Depending upon
the intended use of the oscillator, one
feature may be more desirable than an-
other. The Hewlett-Packard model 204C
and model 204D audio oscillators are
examples of the alternatives available.
The model 204C offers a single continu-
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ously adjustable control with a 40-dB
range; the model 204D offers a single
continuously adjustable control with a
10-dB range, combined with an 80-dB
step attenuator (in 10-dB steps).

Where precise amplitude control is
necessary, attenuator accuracy must be
considered. Even on metered audio oscil-
lators, the output setting accuracy is
influenced by the attenuator, since the
metering circuits do not read attenuated
signals but simply the power amplifier
output before attenuation.

As indicated previously, audio oscilla-
tors are available in special models with
extra high output levels. They can also
have extended or specialized frequency
ranges for certain kinds of work. Oscilla-
tors of this type may vary to an upper
frequency of 10 MHz, achieved at the
sacrifice of some lower frequencies. Some
oscillators also offer a few selected dis-
crete frequencies for production, testing
and other limited applications.

Transformer output

Transformer-coupled output, available
in a few oscillators, offers complete DC
isolation from the rest of the generator.
This is particularly useful in driving a
bridge. If supplied with multiple second-
ary taps, the oscillator with a transform-
er-coupled output can drive extremely
low impedance or provide high-voltage
output. Usually such oscillators have a
limited output frequency range, due to
the transformer’s limitations.

Applications

It is difficult to enumerate all the appli-
cations for an audio oscillator. Briefly,
the instrument can be used in any situa-
tion requiring a source of relatively pure
sinewaves within the frequency range
covered. A large majority of applications
are found in audio measurements because
of the high degree of concentration on
reproduction fidelity. However, there are
enough applications for a good audio

oscillator that a general laboratory or
service shop should place it on the priori-
ty list for low-frequency sources (right
after a function generator). Of course, if
the shop specializes in audio measure-
ments and repairs, the audio oscillator is a
must.

Total harmonic distortion

The THD measurement determines
the amount of harmonic energy added to
the output signal of a device by the device
itself. With the audio amplifier—or any
other amplifier for that matter—the test
is performed by supplying a distortionless
signal to the input and then measuring
the harmonic content at the output. Most
THD analyzers reject the fundamental
signal with a notch filter and measure all
other energy within the audio spectrum.
The THD then becomes:

% THD =
Harmonics X 100

/(Fundamental)?+ (Harmonics)?

The THD measurements for audio
equipment are usually made at a number
of input and output levels, since the
harmonic distortion introduced by the
amplifier depends on the gain and the
power output at which it is operated.
Harmonic distortion is a direct result of
nonlinearities within the amplifier.

Note that the described technique for
measuring THD includes noise, hum or
other nonharmonically related signals not
rejected by the notch filter tuned to the
fundamental frequency. Two points
therefore must be considered. First, the
amplifier itself must be thoroughly ana-
lyzed for its own hum and noise prior to
using it for THD measurements. Any
such components should be eliminated
before the measurement. Second, the os-
cillator supplying the distortion-free sig-
nal must also be free of hum and noise.

A method of measuring THD that
eliminates this problem uses a wave ana-
lyzer. This consists of an extremely
sharply tuned filter followed by an AC
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voltmeter. Although measuring THD
with a wave analyzer is more tedious, the
result is more accurate. The ultra-low
distortion characteristics of the generator
are still required, and, of course, there
must be no hum and noise. However,
levels of hum are permitted with this
system of measurement.

The wave analyzer is first tuned to the
fundamental frequency and an amplitude
measurement is taken. It is then tuned to
the second, third, fourth, fifth, etc., har-
monics, and amplitude measurements are
taken. THD is then calculated using the
following formula:

= /(2nd)*+ 2
% THD V/(2nd)*+(3rd) % 100%.

Fundamental
Although truly broadband noise contrib-
utes throughout to this measurement,
hum and other nonharmonically related
spurious signals are eliminated.

When making THD measurements
with an analyzer that uses the notch
filter, a few basic testing precautions are
necessary. Since hum contributes signifi-
cantly to the harmonic distortion mea-
surement, ground loops must be carefully
avoided. A ground loop consists of a
second path through which the ground or
return signals for the test may pass.
Frequently, this second path also contains
significant line-frequency currents,
which could enter into the measurement
and contribute an undesired signal to the
output. This signal is generated by nei-
ther the amplifier nor the oscillator, but
affects the measurement.

Two forms of THD analyzers use the
notch technique: With the first and sim-
plest form, the notch filter is manually
tuned. The second technique uses manual
tuning to within a few percent of the
desired center frequency, when an auto-
matic nulling circuit takes over to center
the analyzer on the fundamental frequen-
cy. Errors can occur in the analysis if the
generator drifts from the fundamental
frequency to which the analyzer was
tuned. An analysis with automatic null
compensates for minor drifts. However,
drifting introduces errors to measure-
ments made with the manually tuned
analyzer.

A note of caution regarding THD mea-
surements: [t seems logical that one could
measure both the THD of the generator
and the THD at the output of the unit
under test, and subtract, thus arriving at
the THD contributed by the device
under test. Unfortunately, because of
the complex -qualities of the signals,
this technique does not lead to a proper
measurement. The THD of the audio
oscillator must be substantially less than
that expected from the amplifier being
tested.

In a later issue, we will continue this
story on audio oscillators and will show
how they are used in measuring audio
amplifier paramaters such as response,
distortion and impedances. R-E
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FIG.2—CROSS-SECTION VIEW shows the construction of a typical cylin-
drical zinc-carbon dry cell.

There are several types of batteries and dry cells available for
use in radios, calculators, electric and electronic toys, and numerous other appliances and
gadgets in the home. This is a rundown on how they differ and which to use for different

applications.

THIS ARTICLE GIVES YOU ALL THE INFORMATION NECESSARY TO
intelligently select one of the common small nonrechargeable
batteries for any routine application. This is not an exhaustive
study, but just an article giving the highlights of pertinent char-
acteristics. Some information on the most popular sizes (AA, C,
D and rectangular 9-volt) and the most popular types (carbon-
zinc, alkaline and mercury) are given.

Battery sizes

The smallest of the popular sizes is the AA penlight cell. It is
a cylindrical cell nominally /5 of an inch in diameter and 17/
inches long. It is a very popular size for equipment that must be
kept small.

The C-cell is also cylindrical. 1t is /i of an inch in diameter
and 1"/ inches long. It is used where considerble current is
required yet size is also important.

The standard fashlight cell is the D-cell. It is a cylinder 1
inches in diameter and 2'/ inches long, and is used where
current capacity is more important than size.

For those applications that require a relatively high voltage at
a small current, the rectangular 9-volt transistor radio battery is
ideal. It is *'/5: of an inch thick, 1'/x inches wide and 1%/x: inches
high, including the two snap terminals on top. Figure 1 shows
these four most popular sizes drawn to scale.

There are several other sizes that.are not as popular but are
easily available. These include the AAA-size, slightly smaller
than the AA-cell and often used in pocket calculators, small
photoflash guns and electric novelties, and the N-cell, which is a
little larger than one-half of an AA-cell and used in certain
calculators. Some equipment will use a '/> C- or /2 D-size, but
these sizes are rare in a disposable cell. Then, there are the cells
designed for electric watches. They come in a bewildering vari-
ety of sizes, all small. If the current demands are small and if the
size must be small, they can be considered although their cost is
great.

Zinc carbon

The most popular type of disposable battery is based on the
zinc-carbon cell (see Fig. 2). Despite its name, the positive
carbon electrode does not play any part in the chemical reaction
that supplies the energy of the battery. The negative zinc case
does, however, The positive electrode in the electrochemical
sense is the manganese dioxide that is packed around the central
porous carbon electrode. This electrode serves as a conductor for
the current and for some of the gases generated during the
current producing chemical reaction.

ALEX F. BURR

The third essential part (after the positive and negative elec-
trodes) of any battery is the electrolyte, a solution serving as an
ion-transfer medium between the positive and negative elec-
trodes. In dry cells this solution is in the form of a paste, and in
the zinc-carbon cells this paste is a gelatinous mixture of corn
starch and flour containing ammonium chloride, zinc chloride
and water.

In the modern zinc-carbon cell the positive electrode (manga-

I

131/32 ! 115/ 2133, ! 2
MAX | MAX MAX ’
1

AA 0

1V __|
s
C 9VOLTS

FIG. 1—THE DIMENSIONS of the popular sizes of disposable (not
rechargeable) dry cells and batteries.
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FIG. 3—THE ALKALINE CELL has the familiar zinc and manganese-diox-
ide electrodes, but the electrolyte is a potassium-hydroxide solution.

nese dioxide) also serves as a depolarizer or absorber of gases
created during the generation of electricity. The whole cell is
encased in a steel jacket to retard the escape of the corrosive
materials contained in the cell. During the chemical reaction,
the zinc inner case is eaten up as the electricity is produced.

All zinc-carbon cells of a given size are basically the same.
There are relatively minor variations in such quantities as the
electrolyte and depolarizer-to-electrode ratio that change some
characteristics. For example, some batteries are constructed to
deliver a large current for a short time, while others deliver a
smaller current for a longer time. Some are optimized for
continuous operation; others for intermittent operation.

There is quite a difference in quality of construction and the
purity of materials used. In general, the higher the price paid,
the better the cell or battery and the longer it will last in any
application. However, a battery twice as expensive as a similar
one in many cases will not quite give twice the life.

Alkaline

A popular premium type of disposable battery is the alkaline
cell. Its use is often called for when a high current must be
supplied. Alkaline cells have the same zinc-manganese dioxide
electrodes as the zinc-carbon cells; but the electrode structure is
different (see Fig. 3) and the electrolyte is a solution of potassi-
um hydroxide. The result is a cell with the same 1.5-volt open-
circuit voltage with a relatively constant energy capacity over a
wide range of current drains. Thus, alkaline cells do not have
any particular advantage over regular zinc-carbon cells at lower
current drains but do have a higher efficiency at high current
drains.

Mercury

Another widely used primary battery is the mercury cell. The
construction of a mercury cell is shown in Fig. 4. This cell, more
correctly called the zinc-mercuric oxide battery, uses red
mercuric oxide as the positive electrode and depolarizer and a
zinc-mercury amalgam as the negative electrode. The electro-
lyte is a solution of potassium hydroxide and zinc oxide. The
different electrodes give these batteries an open-circuit voltage
of 1.4 volts. Mercury cells have a greater energy capacity per
unit volume and weight and a better shelf life than zinc-carbon
cells. A very important feature is their flat voltage-time
discharge curve. That is, the voltage produced by the cell does
not decrease until the battery is completely discharged. In fact,
these cells are sometimes used as precise voltage-reference
sources. The various advantages and disadvantages of these

SEALING AND AMALGAMATED
INSULATING ZINC ANODE
GASKET PELLET

Z

POTASSIUM

INNER

STEEL HYDROXIDE

CASE ELECTROLYTE-
T IN ABSORBENT

MATERIAL

QUTER

STEEL

CASE |

_ MERCURIC

““ABSORBENT GAS OXIDE
SAFETY VENT DEPOLARIZING
SLEEVE PELLET

FIG. 4—SECTION THROUGH a typical mercury ceil. The construction of
this tablet-type cell differs from that of the cylindrical cell or battery.

TABLE I—ADVANTAGES AND DISADVANTAGES of different
types of primary cells

Type Advantages Disadvantages
Zinc-carbon Inexpensive Limited energy
capacity
Alkaline High current efficiency More expensive
Mercury Constant output voltage Expensive
High energy density Not for cold
Good shelf life | weather use

different types of cells are summarized in Table 1.

There are other types of primary cells such as small zinc-
silver cells often used in watches and the newly developed lithi-
um cell, which has a very high energy density. However, the
price of these cells permit them to be used only in special appli-
cations.

Current drain

The single characteristic that most are interested in is the
amount of current a given battery will supply. Unfortunately,
there is no simple answer to that often-asked question. However,
some general indications can be given. The larger the individual
cell, the lower the internal resistance and the larger the
maximum current that can be supplied. Table 11 gives some

TABLE II—TYPICAL VALUES of short-circuit current and
internal resistance found in zinc-carbon cells

Maximum Current Internal Resistance
Cell Size (amps) (ohms)
AA el is 0.31
c Y | 0.28
D 6.6 0.23
9 voits 0.5 19

typical values of the internal resistance and the short-circuit
current of various sizes of zinc-carbon cells.

Of course, don’t expect the battery to supply the short-circuit
current for very long. What you really need is some idea of the
amount of current a given cell will supply for a reasonable time.
Unfortunately, what is reasonable in one situation may not be
reasonable in another. However, it is possible to give a rough
idea of the current that a given type of cell can supply. This data
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TABLE lIl—CURRENT SUPPLIED by different types of batteries

Battery Size

AA C D

9 Volts

alkaline | mercury zlnc—carbonralkallne zinc-carbon | alkaline |zinc-carbon

alkaline | mercury

Battery type |zinc-carbon
10-hr current

(mA) 60 150 240 110 230 250 500 30 30
100-hr

current

(mA) 10 20 25 20 40 50 100 8 4

is given in Table III. The first line of the table lists the current
that a typical cell of the type named can supply intermittently to
a load for 10 hours before the terminal voltage is reduced to two-
thirds of the initial value. (This end-point voltage is 1.0 volt for
the zinc-carbon cells.) The second line in Table III lists the
maximum current a typical cell will supply for 100 hours under
the same conditions. These figures should be used only as a
rough estimate of the current to be expected because all sorts of
factors will enter to decrease or increase the current that the
battery can supply. Some of the factors are temperature, the
lowest voltage the specific circuit will operate on, the length and
frequency of any rest periods, the quality of construction and

the age of the battery.

a variety of continuous current drains. It is clear that the higher
the current drain, the less energy is obtainable from the cell. A
similar reduction in energy is found with the AA- and D-cells.
The energy from an alkaline cell also decreases with increased
current but not by as large a factor.

Other factors enter, too. For example, if a C-cell subjected to
a 50-mA drain will be discarded after its voltage drops to 1 volt,
it will last for about 23 hours. If the end point is lowered to 0.8
volts, then it will last for about 40 hours. At moderate current
drains, intermittent use instead of continuous use will increase
the number of useful hours by 25% to 50%. Temperature also
greatly affects the amount of energy supplied. Table V shows

the effect of temperature on zinc-carbon and mercury cells.

We must emphasize that the current listed in Table 111 is only

a rough estimate—the best that can be made without exactly
specifying a great many conditions in addition to the discharge
time. We can easily see, especially by considering the data on

TABLE V—EFFECT OF TEMPERATURE on the capacity of
zinc-carbon and mercury cells

the C-cell, that the amount of current drawn has a great effect Tempera- Zinc-Carbon Mercury Capacity
on the total energy that can be extracted from a cell. The table ture (°F) Capacity (%) (%)
implies that a zinc-carbon C-cell can supply 1100 mA-hours of —20 6 .
energy (current drain multiplied by time) in 10 hours, but that 0 27 4
2200 mA-hours of energy can be obtained if the cell is 20 48 10
discharged over a 100-hour period. 40 69 58
Table IV gives the mA-hours available from a typical C-cell at 60 90 93
70 100 100
TABLE IV—ENERGY AVAILABLE from a C-cell vs. current 80 15 103
drain 100 140 106
Continuous current drain We can go into all these factors that affect the lifetime of a
(ma) 5 10 20 50 | 100 battery in great detail but most of you will not use the informa-
Hours to 1 volt 540 | 220 90 23 8 tion developed. For most purposes, the simplified current capac-
Energy supplied ities given i_n Table 111 will all_o_w you to balance the lhree.main
(mA-hours) 2700 | 2200 | 1800 |1200 | 800 factqrs (_)f size, current ca'pablllly and cost to fit the particular
application you have in mind. R-E
CONVERGENCE PROBLEM 50-uF electrolytic capacitor in the 6GF7 fuse. What's it for>—O. K., Oceanside,
This Heathkit model GR-269 has been cathode, efc., but got nowhere. The sta- NY.
working quite well. Now there is a conver- bility and sync are good. Can you help? Zenith’s service data for late runs of
gence problem at both the top and bot- I've been in poor health and reading your the model 1449C50 chassis does show
tom of the screen. The convergence pan-  c€olumn always makes me feel better'—C.  this fuse: it’s a 0.4-amp Bel-Fuse and is
el was returned to Heath and checked G- Derry, NH. used to protect the flyback, etc., against
out. The potentiometers that should af- That’s nice, and much appreciated! damage. Since normal current is about
fect this area don’t seem to have any Looking at the model 16 M91 schemat- 220 mA, a 400-mA fuse should be fine.
effect at all.—J. W., Nova Scolia. ic, I see it resembles my own RCA model Be sure to use a fast-blow type of fuse.
Since the convergence board was al- 15. Check those 150K resistors in the You can obtain an easy cathode-current
ready checked, there’s another likely height-control circuit, as wgl] as all the reading in TV sets like this. Jps_l pull the
cause: Check the convergence plug, sock- re§istors, particularly those in the input fuse and connect your DC milliammeter
et, and all the wiring going to the controls grid, etc. Also, quick-chepk that VDR right across the terminals.
that don’t operate. Two things can cause (Voltage-Dependent Resistor) in the
these controls not to work: first, bad feedback loop: just disconnect it; it’s used FLOATING BARS, BAD COLOR
components on the board, and second, the s a clamp to keep the vertical scan from I've two floating bars on the screen,

loss of the pulses that do the work! Check ~ being too high. Finally, try unhooking the  bad color, but a tair picture on an Admiral

¢ for an open circuit, a bad solder joint, or lead from the pin 2 (OU}PUl) grid of the model 3G11. The DC power supply has
% poor socket contact. Every control onthat ~ 6GF7 tube to the service switch; there  been checked. Where do I look now?—
O  board should do something. might be some leakage. S. C., Lansing, MI.

= You're close to it. Look at that thermal
o VERTICAL PROBLEM FUSE IN CATHODE switch in the autodegaussing circuit.
o Without a signal, | get a full vertical I found a burned-out fuse in the cath- These have caused some funny prob-
9' scan in this Philco model 16M91; howev- ode of the 6LB6 tube in this Zenith model lems.

2 er, with a signal it drops to about 80% full. 14A9C50. And there’s no high voltage. (Feedback: “That did it! It took me
@ [/ tried new 6GF7 tubes, changed the The Sams schematic does not show this only two minutes. I'm amazed.”) R-E
46
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Television picture tube brighteners have
been around for quite a few years. Here is a
fresh look at what they are all about.

NORMAN A. ACKERMAN*

THE USEFUL LIFE OF A TV PICTURE TUBE IS
usually determined by the weakening of
the clectron beam. Yet the phenomenon
of electron emission in the beam from the
oxide-coated cathode is largely un-
explained. However, exhausted cathode
emitters do have remarkable recuperative
power. When certain restoring devices
are used, picture tube life can be ex-
tended. This article will attempt to ex-
plain the process that makes this regener-
ation possible.

The picture tube

The TV picture tube is a special kind of
vacuum tube in which a narrow beam of
electrons behaves like an electronic pencil
and draws a visible trace or paticrn on a
specially prepared screen. In many
respects, its operation parallels that of an
ordinary recciving or transmitting vacu-
um tube. In an ordinary vacuum tube as
well as in a CRT or picture tube, elec-
trons are created by a heated cathode
located at the base of the tube inside the
glass envelope. Thermionic emission in a

* Vice President, Perma Power Division of Cham-
berlain Mfg. Corp.
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vacuum tube occurs when the clectrons in
the cathode material contain enough ther-
mal energy to overcome the forces at the
emitter surface and escape.

In an ordinary vacuum tube, the emis-
sion occurs over the entire outside surface

of the cathode (emitter). (See Fig. 1.) In
CONTROL GRID AREA OF
CATHODE APERTURE EMISSION
b > f
7
S i
HEATER CATHODE, /
TOP SURFACE

FIG. 1—THE CATHODE STRUCTURE in a TV
picture tube. The black dot in the center shows
the cathode area that is actually used.

the picture tube, the emission comes from
only the top surface of the cathode. More
precisely, emission occurs only under the
area projected by the aperturc in the
control grid. To fully comprchend why
this happens requires some information
about the effect of the control grid and
the first anode on emission.

Thermal agitation of the cathode coat-
ing material causes the cathode to emit
electrons. Since this cathode coating is
located in one particular placc—on the
cathode face opposite the control-grid
aperture—oprincipal emission moves in a
forward direction from this surface. Be-
cause of the shape of the cathode, the
emission docs not come from a point
source. So, while the emission is generally
in a forward direction, it takes place
randomly. Some e¢lcctrons leave the cath-
ode in a direction that is parallel to the
axis but off to onc side, and some leave at
various angles 1o the axis.

Moreover, the velocity of the electrons
varies. Some electrons leave the cathode
at high speed, but the majority are low-
velocity charges. For simplicity. assume
that the initial velocity of the cmitted
electrons is substantially zero and any
forward motion they exhibit after lcaving
the cathode is attributable to acceleration
by the voltages applied to the first anode,
in opposition to the negative voltage at
the control grid.

An electrostatic field (called the first
lens) exists between these elements and
varies with the control-grid voltage, thus
controlling the cmission from the cath-
ode. For any fixed voltage applicd to the
first anode, the control-grid voltage con-
trols the number of electrons that can
pass through the aperture.

Figure 2 shows the field distribution
for two assumed grid-bias values, 0 (Fig.
2-a) and — 30 volts (Fig. 2-b), and a fixed
voltage value on the first anode. With a
bias of 0 volt, the area adjacent to the
cathode (betwcen the cathode and con-
trol-grid aperture) has a comparatively
high positive potential as a result of the
field.

“Under such conditions of 0 grid volt-

GRID 1ST ANODE

e ”<“<§{<j<m))>

a

—1(] —3(]" BIAS

:Oﬁiim

FIG. 2—FIELD DISTRIBUTION FOR two grid-
bias values; (a) 0 bias. (b) 30 volts bias.

age, 1t has been found that the arca of the
cathode which is emitting corresponds
approximately to a projection of the area
of the grid aperture: the maximum num-
ber of electrons are passing through the
grid opening and the beam current densi-
ty is high.

“When the control grid is made nega-
tive by an increase in the bias (— 30 volts
in the figure), the field distribution in the
vicinity of the cathodc is altered so that
only the center of the emitter surface is
behaving as an cmitter. The other areas
are influenced by the space charge and
effectively are not emitting. The result is
a reduction in beam density and several
other related effects.”'?

It should be emphasized that showing
the electric field and lines of force sche-
matically is strictly a device to help you

visualize certain phenomenit. The lines of

force having certain physical propertics
are convenient working tools to explain
what happens.

The thermionic emission that comes
from under the aperture opening of the
picture tube emitter continues until there

RING OF  EMISSION AREA
EQUAL /
AREA

™N

.030™ .042” .080"

CATHOOE, TOP SURFACE

FIG. 3—WHEN BRIGHTENER IS USED, diameter
of emitting area is increased slightly as
shown.

is a depletion of electrons. Even after
emission from the electron gun appears
too low to provide enough density for a
good picture, the cathode emitter mate-
rial is almost 90% wunused. At this point
the useful end-life of the tube has appar-
ently been reached, because the picture is
not bright enough for proper viewing.
This apparent contradiction can be bet-
ter understood by cxamining the cathode.
It is typically a metallic cylinder that is
about .080 (*/s) inch in diameter and .340
("/2) inch long, and is closed at one end
(see Fig. 3). The heater is inside this

wWwWWw.americanradiohistorv.com

cylinder with its leads through the open
end, and it is coated to provide clectrical
insulation. The outside closed end of the
cylinder is coated with an emitter mate-
rial (i.e., magnesium oxide) that looks
pure white when it is new. When the tube
is depleted, there is a metallic dot ncar
the middle of the white surface of about
.030 inch in diameter. This diamcter
corresponds to the aperture opening of
the control grid.

The cathode is held permanently in
place by a metallic ring molded into the
ceramic supports of the electron gun. The
control grid is an inverted dish or cup that
almost completely covers the cathode,
and also is held in place by the ceramic
supports. There is a space between the
grid cup and top of the cathode on the
order of .055 inch. Because of this spac-
ing and type of construction, the cathode
cylinder is barely visible through the glass
neck of the tube, and the top of the
cathode is virtually impossible to inspect
once the electron gun has been manufac-
tured.

Picture tube manufacturers rarcly run
a control sample picture tube to normal
emission depletion and then inspect the
cathode surface. Quality control samples
are generally tested only for about 4000
hours, equivalent to two years of normal
usc, and then they are inspected. (Normal
viewing is considered to be six hours a
day.) When a picture tube is operated
beyond that 4000-hour period to electron
beam depletion and apparent end-life, it
seems unlikely that the tube cngincer
would break the tube apart to check the
gun parts let alone saw or cut open the
metal control grid to inspect the used-up
cathode surface. Yet, if he did he would
find new emitter material surrounding
the tiny metallic dot of depleted surface.

The size of the dot and the new mate-
rial surrounding it suggests that the pic-
ture tube life could be prolonged if the
new electrons could be moved to the area
under the control-grid aperture. Again,
take a look at the dimensions involved.
The aperture opening produces a narrow
beam and an clectrostatic lens that can
project an image on the picture tube
screen. This opening is about .030 inch in
diameter (.015-inch radius). The unused
emitter area is about .0043 square inch
compared with a .0007-square-inch de-
pleted emitter area, yet the picture tube
can no longer produce a picture that is
bright enough for normal viewing. Con-
trast is lacking because therc is not
enough electron beam density to fully
activate the picture-tube-screen phosphor
dots. Warm-up time is unusually long
since the cathode temperature slowly in-
creases to give the last electrons suflicient
energy to escape.

TV tube brighteners

In the late 1940’s. a transformer device
was designed by the Perma-Power Com-
pany to increase the power applied to the


www.americanradiohistory.com

heater and raise the temperature of the
cathode in the emission-depleted picture
tube. (A patent was filed in 1952 and
granted in 1956.) This device (called a
TV tube brightener) is permanently in-
stalled in the TV set, and the increased
power it feeds to the older heater is
applied whenever the set is on. Thus, the
kinetic energy of the electrons in the
cathode emitter surface is increased. As a
result, the electrons in the ring surround-
ing the depleted area can migrate to the
area under the control-grid aperture
opening, and this area of new material is
thus used.

It is interesting to observe how small a
ring of cathode material of equal area to
the depleted area is. This ring has an
outside diameter of .042 inch and a radius
of a .021 inch. You can casily understand
that if only three-thousands of an inch of
material surrounding the depleted emit-
ter arca emits electrons that migrate
under the aperture opening, then this
emission includes almost 50% new mate-
rial.

Early studics of black-and-white pic-
ture tubes were made in which cathodes
from tubes that had reached cnd-life were
compared with some that had reached a
second end-life after using a brightener.
The depleted areas in the tubes using
brighteners were on the order of 1V to
1'/2 times larger. The increase in vicwing
time was often more than 50 percent (see
Fig. 4).

NEW TUBE

ADDITION OF TV
TUBE BRIGHTENER

ARBITRARY LEVEL, BELOW WHICH
BRIGHTNESS IS CONSIDERED TOO
LOW FOR SATISFACTORY VIEWING

TIME —=

BRIGHTNESS ——»

FI1G. 4—INCREASED LIFE EXPECTANCY of pic-
ture tube with brightener attached is shown
here.

While these carly studies involved
black-and-white tubes, the same observa-
tions are true of color picture tubes. In
the latter, however, onc of the three guns,
usually the red gun, loses its clectron
beam density before the others. Although
a separate heater is used for cach gunina
color picture tube, the three filaments are
tied together and only two leads are avail-
able at the picture tube socket. To raise
the (heater) power on one gun, the power
on all threc guns must be raised.

Fortunately, no ill effects result from
this procedure. Since the electron gun is a
controlled emission device, you usc the
CRT bias controls on the set to readjust
the electrostatic fields in order to keep
beam-current densitics balanced. This is a
function of the electrostatic field distri-
bution. The fact that more electrons are
available than are needed does not affect
how many are drawn off and used.

In the manufacturing process, picture
tubes are processed through exhaust-and-

aging cycles. This process includes pro-
cedures that decontaminate the tube ele-
ments and remove gases. The aging pro-
cess also initiates emission from the cath-
ode surface, to assure consistent emission
from tube to tube. Procedures vary, but
elevated temperatures and heater power
are always used. The control grid and
first anode areas can be heated to 800 °C
for 10 to 20 minutes, and twice the
normal heater voltage can be applied for
these intervals. One and one-half times
the normal heater voltage is gencrally
applied for an extended period of time
with normal voltage on the first anode.

Since the cathode heaters and other
tube clements are designed to withstand
this exhaust-and-aging process, it is easy
to understand why a TV tube brightener
can be used without damaging the picture
tube.

FIG. 5—ADDING RESISTANCE between G1 and
G2 reduces the field and tends to open the

beam.
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FIG. 6—THE EQUIPOTENTIAL SURFACES be-
tween two discs, each having an aperture at its
center.

In addition to applying more heater
power to regain emission, the electrostat-
ic field can be readjusted as follows: The
leads for control grid G! and lirst anode
G2 are accessible outside the picture tube
so that a potentiometer can be installed
between them. Since the voltages on the
control grid and first anode are essentially
fixed with reference to cathode K, apply-
ing resistance between the Gl and G2
leads reduces the field and tends to open
the beam. The accclerating voltage is
constant, resulting in an increase in beam
current (see Fig. 5).

However, any condition that alters the
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distribution of the field also afTects the
focus. Figure 6 shows the equipotential
surfaces between two discs, each having
an aperture at its center. The equipoten-
tial surfaces bulge through the holes,
causing some clectrostatic ficld to leak
outside the normal region. If clectrons a,
b and c are placed to the left of plate A
electrons a and ¢ will converge as they
cross the convex equipotential lines that
protrude through the opening in plate A.
Electrons a and ¢ will tend to cross each
other within the field between the two
apertures, and then continue along a
diverging path as they cross the concave
equipotential lines that protrude through
the opening in plate B. This procedure is

SIMPLE OPTICAL LENS

FIG. 7—SIMPLE OPTICAL LENS is similar to
electron lens described in the text.

similar to what occurs in an optical lens
having three incident rays (see Fig. 7).

Although it is truc that any set of
curved equipotential lines resemble a sim-
ple electron lens because they refract the
electron path, the complete electron gun
field is more complex (see Fig. 8).

However, it should not be difficult to
visualize how the charged cylinders in an
electron gun form an electrostatic field
that controls the electron beam and fo-
cuses it. The dimensions of the crossover
point, as determined by the control-grid
and first-anode voltages, are also the di-
mensions of the beam when it is properly
focused by the second electron gun lens
and strikes the screen.

However, any device that changes the
designed field distribution can produce
some undesirable effects. [t can affect the
dimensions of the first crossover point
and the angle of divergence at which the
electron beam leaves the crossover point
and, to a limited extent, it can affect the
position of the first crossover point.

Emission slump
One of the least understood and most
prevalent picture tube problem is known
as emission slump. It is generally accept-
ed that the cathode slowly becomes con-
continued on page 88
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FIG. 8—ELECTROSTATIC FOCUSING SYSTEM as it is used in a TV picture tube.
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Radio-Electronics
Tests JVC Model

RC-828 Radio-Cassette

CIRCLE 104 ON FREE INFORMATION CARD

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

WHEN YOU LOOK AT THE FRONT PANEL OF
the JVC model RC-828JW radio cassette (Fig.
1), you may wonder why we decided to test
and discuss what looks like a “low-fi" portable
radio cassette unit. Reading on, however, you
will discover that this is not an ordinary enter-
tainment portable. Its tuner sections and cas-
sette record/play sections equal the quality of
those found in low- to medium-cost separate
receivers and stereo cassette decks. Additional-
ly, although its amplifier has minimum power,
this fact is offset by the model RC-828’s abili-
ty to drive an external amplifier of any wattage
rating by its unique biphonic and stereo-expan-
sion circuitry.

The lower section of the front panel shows a
central cassette compartment, below which are
the usual transport pushbuttons (fast rewind
(REVIEW), RECord, PLAY, fast forward (CUE),
STOP/EJECT and PAUSE). You can use the fast
rewind and fast forward buttons to review (i.e.,
rewind in measured sections by holding down
both pushbuttons while also pressing the PLAY
pushbutton) and to cue forward. Above the
cassette compartment are a three-digit tape
counter and its associated reset button. To
either side of the cassette mechanism are 6'/-
inch-diameter woofer drivers. The decorative
areas above the woofers, near the outer edges
of the unit, are actually built-in microphones
that enable you to make stereo live recordings
without having to connect separate mikes.

The upper section of the front panel contains
a tuning knob for any of the six available RF
bands (AM, FM, medium wave and three
shortwave) whose frequencies are calibrated in
the dial area. A stereo indicator light is located
to the left of the frequency scales, while two
meters are on the right. These meters are used
to indicate reproduced level, recording input

level, signal strength during tuning and even
battery condition. A pair of 2-inch tweeters
flank the dial-scale area, and just below the
left-channel tweeter is a momentary switch
that provides dial-scale lighting. The dial light
is normally off (unless this switch is depressed)
to conserve battery life when the unit is being
powered from D-cells.

When the carrying handle is swung out of
the way, a second panel on the top surface of
the unit becomes accessible (see Fig. 2). This
panel contains a power ON/OFF switch, six

line-out jacks located on the side of the unit.

The side panel, shown in Fig. 3, also
contains line input jacks, twin external micro-
phone input jacks, external speaker jacks and a
switch labeled BEAT CUT to help eliminate beat
tones that might occur when recording short-
wave broadcasts. The alternate side panel (not
shown) has an AC receptacle as well as a
connector for a car-battery adapter that can
also be used to power the model RC-828.
Binaural and biphonic

Binaural recording involves recording sound

pushbuttons that determine the desired fre-
quency band, a three-position function switch
(for selecting LINE-IN, RADIO or TAPE), a
Binaural Equalizer/Meter switch (that deter-
mines the meter function and applies special
equalization when you listen to binaurally
recorded tapes), two mode switches (with
settings for biphonic processing, expanded ste-
reo listening, or ordinary stereo listening),
individual channel recording-level slide con-
trols, tape-selection switches (for standard fer-
ric or CrO, tape) a record-selection switch (for
activating an automatic level control or ALC
circuit, if desired), separate bass and treble
boost and cut controls, and separate master
volume controls for each channel. The volume
controls do not affect levels available at the

MANUFACTURER’S PUBLISHED SPECIFICATIONS:

RADIO FREQUENCY BANDS:

FM: 88-108 MHz; AM: 540-1600 kHz; MB: 1.6-4.3 MHz; SW-1: 4.3-11.0 MHz; SW-2:

11-18.5 MHz; SW-3: 18.5-26.0 MHz.
TAPE RECORDER SECTION:

Frequency Response: (Standard tape), 50 Hz-11 kHz; CrO, tape, 40 Hz-12 kHz.
Wow and Flutter: 0.09% WRMS. Signal-to-Noise Ratio: 50 dB. Fast Wind Time: 110

seconds.
AMPLIFIER SECTION:

Power Output: 2.3 watts-per-channel (FTC). Line Input Level: 13 mV.

Line Output Level: 300 mV.
GENERAL SPECIFICATIONS:

using two microphones that are spaced as far
apart as two human ears, and often a dummy
head is used for making such recordings. This
dummy head is equipped with tiny micro-
phones where ears are normally located. Until
the advent of JVC’s biphonic processor, such
recordings needed to be heard via headphones.

Power Requirements: 12 VDC (8 D Cells) or 120 VAC, 60 Hz. Power Consumption: 19
watts. Dimensions: 182 W X 10% H X 5 inches D. Weight (Including Batteries): 14.1
Ibs. Suggested Retail Price: $250 (approx.).
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When headphones are used, the left ear of the
listener hears only what was received by the
left “ear” of the dummy head, and the same
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holds true for the right ear-microphone. If

binaural recordin[g)s ai:e Ela){ed back on a st;reo TABLE |

speaker system, both the listener’s ears hear

sounds that were intended for only one ear, and RADIO-ELECTRONICS PRODUCT TEST REPORT

the subtle timing and amplitude differences Manufacturer: JVC Model: RC-828JW

resulting from such closely spaced microphone

recordings are all but lost. FM PERFORMANCE MEASUREMENTS
Figure 4-a shows that the biphonic processor SENSITIVITY, NOISE AND FREEDOM R-E R-E
circuit contained in the model RC-828 can FROM INTERFERENCE Measurement Evaluation
reproduce binaural recordings via speakers IHF sensitivity, mono: (uV) (dBf) 3.5(16.1) Good
Sensitivity, stereo (uV) (dBf) 5.0(19.2) Very good
50-dB quieting signal, mono (uV) (dBf) 5.5 (20.0) Very good
50-dB quieting signal, stereo (V) (dBf) 65.0 (41.5) Fair
Maximum S/N ratio, mono (dB) 65 Very good
Maximum S/N ratio, stereo (dB) 63 Very good
Capture ratio (dB) 2.0 Good
AM suppression (dB) 50 Good
image rejection (dB) 75 Good
IF rejection (dB) 80 Very good
Spurious rejection (dB) 85 Very good
Alternate channel selectivity (dB) 60 Very good
BIPHONIC FIDELITY AND DISTORTION MEASUREMENTS
PROCESSOR Frequency response, 50 Hz to 15 kHz (+dB) 1.5 Very good
| - Harmonic distortion, 1 kHz, mono (%) 0.4 Excellent
_———_— —| Harmonic distortion, 1 kHz, stereo (%) 0.5 Excellent
Harmonic distortion, 100 Hz, mono (%) 0.4 Excellent
| Harmonic distortion, 100 Hz, stereo (%) 0.63 Very good
e Harmonic distortion, 6 kHz, mono (%) 0.45 Very good
7b// I Harmonic distortion, 6 kHz, stereo (%) 0.5 Excellent
P RIGHT Distortion at 50-dB quieting, mono (%) 25 Fair
- SPKR | Distortion at 50-dB quieting, stereo (%) 0.75 Good
LISTENER | STEREO PERFORMANCE MEASUREMENTS
Stereo threshold (V) (dBf) 10 (25.2) Very good
—_—— —' Separation, 1 kHz (dB) 39 Excellent
Separation, 100 Hz (dB) 28 Good
Separation, 10 kHz (dB) 31 Very good
L MISCELLANEOUS MEASUREMENTS
SRR Muting threshold (uV) N/A N/A
Dial calibration accuracy (+kHz at MHz) 200 Good
[ —— —
L] ||
‘ EQ — DELAY
‘ TABLE Il
INPUT I OUTPUT
| e Hoew P || AMPLIFIER PERFORMANCE MEASUREMENTS
R-E R-E
| BIPHONIC PROCESSOR l POWER OUTPUT CAPABILITY Measurement Evaluation
L | RMS power/channel, 8-ohms, 1 kHz (watts) 13 See text
- —\_ - RMS power/channel, 8-ohms, 20 Hz (watts) 0.4 See text
RMS power/channel, 8-ohms, 20 kHz (watts) 0.32 See text
Rin RspkRr RMS power/channel, 4-ohms, 1 kHz (watts) 2.0 See text
RMS power/channel, 4-ohms, 20 Hz (watts) 0.25 See text
b RMS power/channel, 4-ohms, 20 kHz (watts) 0.35 See text
Frequency limits for rated output (Hz-kHz) 100-10 See text
DISTORTION MEASUREMENTS
Z'SCTHEAF‘{\‘E%EL Harmonic distortion at rated output, 1 kHz (%) 0.3 Good
Intermodaulation distortion, rated output (%) 1.5 Fair
Harmonic distortion at 1-watt output, 1 kHz (%) 03 Good
Intermodulation distortion at 1-watt output (%) 15 Fair
DAMPING FACTOR, AT 8 OHMS 25
PHONO PREAMPLIFIER MEASUREMENTS
BIPHONIC Frequency_response (RIAA +dB) N/A N/A
PROCESSOR Maximum input before overioad (mV) N/A N/A
Hum/noise referred to full output (dB)
(at rated input sensitivity) N/A N/A
HIGH LEVEL INPUT MEASUREMENTS
Frequency response (Hz-kHz, +dB) See text-16 kHz Good
Hum/noise referred to full output (dB) 70 Very good
Residual hum/noise (minimum volume) (dB) 75 Very good
TONAL COMPENSATION MEASUREMENTS
Action of bass and treble controis See Fig. 6 Excellent
Action of secondary tone controls N/A N/A
Action of low-frequency filter(s) N/A N/A
Action of high-frequency filter(s) N/A N/A
COMPONENT MATCHING MEASUREMENTS
c input sensitivity, phono 1/phono 2 (mV) N/A
Input sensitivity, auxiliary input(s) (mV) 120
successfully. Crosstalk signals that reach the Input sensitivity, tape input(s) (mV) 120
right ear of the listener from the left speaker Output level, tape output(s) (mV) 200
(shown as line b in Fig. 4-a) is cancelled by Output level, headphone jack(s) (V or mW) 1.33 V/8 ohms
introducing a time-delayed, out-of-phase quan- OVERALL AMPLIFIER PERFORMANCE RATING See text

tity of signal b (shown as line —b). Fig. 4-b is
the block diagram of the action of the biphonic
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BLGL ATIOT

o
-


www.americanradiohistory.com

processor. Because the equalization, crossfeed
and delay constants are specifically calculated,
it is necessary tosit at a distance of between 60
c¢m and 80 cm (24-32 inches) from the front
surface of the model RC-828, but once you are
positioned properly, the effect is uncanny.
Sounds seem to emanate from points well

TABLE Il
RADIO-ELECTRONICS PRODUCT TEST REPORT

Manufacturer: JvC Model: RC-828JW

CASSETTE TAPE DECK MEASUREMENTS

beyond the extent of the receiver itself and you R-E R'E_
1d swear that there are additional ker FREQUENCY RESPONSE MEASUREMENTS Measurements Evaluation
would swear tha ere are d. ! tona spcz_i s Frequency response, standard tape (Hz-kHz + dB) 40-12.0 Very good
located several feet apart. Similarly, ordinary Frequency response, CrO, tape (Hz-kHz + dB) 40-13.0 Very good
stereo program material played back via the N/A
two speakers in the model RC-828 can be “‘ex- Frequency response, other (see text) (Hz-kHz + dB) See Fig. 7 N/A
panded” via the biphonic processor, as shown DISTORTION MEASUREMENTS (RECORD/PLAY) Std  Cro,
in Fig. 4-c. JVC has developed a single 1C that Harmonic distortion at — 10 VU (1 kHz) (%) N/A  N/A N/A
performs all these functions for each channel. Harmonic distortion at —3 VU (1 kHz) (%) 15 6.5 Very good/
poor
FM measurements Harmonic distortion at 0 VU (1 kHz) (%) 23 65 Good/poor
Table 1 summarizes our measurements of Harmonic distortion at +3 VU (1 kHz) (%) 3.0 N/A Good
the FM tuner section. Obviously, these mea- SIGNAL-TO-NOISE RATIO MEASUREMENTS
surements fall short of what one could expect Standard tape, “‘Dolby" off (dB) 53 Excellent
from a state-of-the-art stereo FM tuner, but Standard tape, “Dolby’’ on (dB (dB) N/A N/A
not by a significant margin. The 50-dB quiet- CrO; tape, Dolby off (dB) 51 Fair
ing exhibited gn mono at a signal input of only CrO, tape, Dolby on (dB) N/A N/A
5.5 uV (20 dBf) is quite satisfactory (even in MECHANICAL PERFORMANCE MEASUREMENTS
terms of high-fidelity components) as are the Wow and flutter (%, WRMS) 0.06 Superb
mono and stereo FM distortion figures, each Fast wind and rewind time, C-60 tape (seconds) 100 Fair
well below 1.0%. Stereo separation (shown by COMPONENT MATCHING CHARACTERISTICS
the two sweep traces in Fig. 5) is also quite Microphone input sensitivity (mV) 05
impressive, approaching 40 dB at midfrequen- Line input sensitivity (mV) 120
Line output level (mV) 200
Phone output level (mV) (V) 1.33Y
Bias frequency (kHz) 100
TRANSPORT MECHANISM EVALUATION
Action of transport controls Excellent
Absence of mechanical noise Superb
Tape head accessibility Excellent
Construction and internal layout Very good
Evaluation of extra features, if any Superb
CONTROL EVALUATION
Level indicator(s) Good
Level control action Excellent
Adequacy of controls Excellent
Evaluation of extra controls Excellent
OVERALL TAPE DECK PERFORMANCE RATING Very good
TABLE IV

cies and remaining above 30 dB at the more
difficult 10-kHz test frequency. The automatic
switchover from mono to stereo FM occurs at
a signal input strength of 10 xV (25.2 dBf).
and the maximum signal-to-noise ratio in both
the mono modes is well above 60 dB. Tuning is

RADIO-ELECTRONICS PRODUCT TEST REPORT
Manufacturer: JvC Model: RC-828JW

OVERALL PRODUCT ANALYSIS

relatively noncritical as a result of a moderate- aﬁglcpartl:gory Eis: (approximately)
ly applied amount of nondefeatable AFC. Price/performance ratio Superb
We did not measure the performance of the Styling and appearance Very good
various medium-wave and shortwave bands of Sound quality Good
this receiver, but experienced excellent night- Mechanical performance Excellent

time signal reception from such diverse loca-
tions as Great Britain, Japan, Israel, the Scan-
dinavian countries and Germany using nothing

Comments: The model JVC RC-828JW radio-cassette unit is one of the most unusual products
ever tested in our labs. Far from being a typical low-fi portable, this all-in-one enter-
tainment center lets you enjoy good FM and AM reception (not to mention shortwave

more than the dipole antenna components on
the receiver.

Amplifier measurements

The less said about the amplifier section of
the model RC-828 the better. The rating of 2.3
watts-per-channel applies to a 6-ohm load for
which the output circuitry was optimized.
Since our lab is equipped only with precision
8-ohm and 4-ohm loads, we could not obtain

reception) as well as cassette tapes wherever you are. Its amplifier section is not
qualified to drive good external speakers, but thanks to the available line outputs, you
can connect the system’s program sources to your home-based hi-fi system when you
are not traveling. With that sort of hookup, you can avail yourself of both the biphonic
processing features and the expanded stereo features. The expanded stereo feature
will be especially useful (even if you own a regular components system) if your speak-
ers are too closely spaced in a small listening room. In addition, when you are away
from your main hi-fi system, this feature lets you enjoy wide-separation stereo recep-
tion from FM sources and from cassettes even when you must monitor such results
from the model RC-828 itself.

The relatively high quality of the FM section was a surprise and, if your present hi-fi
system lacks a tuner, connecting the line outputs to the auxiliary inputs of your main

o therated power output level, but read 2.0 watts

Q  (with 4-ohm speaker loads) at a 1.0% distor- arr)plifier will provide you with adequate FM and stereo FM reception when you are not
é tion k level.t The ckffici;:)pt bui_lt-iln two-wa); usggstpri‘tlz fr?:ui::epmr (')rlftr:u’t]?)rtnti.e self-contained amplifier, listening to the unit via
5 :ﬁﬁoerosv);z:m n(;a EE r_10_m1;1a lan(]jount Od its own speakers offers surprisingly faithful reproduction—thanks in part to the built-in
il p procuce surprisingly loud sount twin two-way speaker systems. The twin-element built-in antenna was satisfactory for
- ICVC]S_ before audnplc CI'PP”_‘E or dlSlO”‘O"_ 18 FM reception (the elements are expandable in length and can be oriented for any
W perceived. The saving grace is the fact that line directional pattern) and even better for shortwave reception. By offering four separate
o output terminals are provided, and the signals shortwave bands, it is possible to adequately separate closely spaced shortwave
2 available at these terminals are taken ahead of signals.

@ the power amplifier section and are, therefore,

52
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distortion-free and suitable for a high-fidelity
amplifier of your choice, or even to the auxilia-
ry inputs of a home-based stereo high-fidelity
receiver.

Line input jacks also cnable you to copy
program sources (such as records) from your
hi-fi component system to the unit’s built-in
cassette deck. It is our experience with the
model RC-828 that the available external
speaker jacks are not really necessary since few
speakers could produce enough sound when
fed with the low power levels provided by the
power amplifier. Since the stereo-enhance fea-
ture is so effective, the use of external speakers
fed directly from the built-in amplifier is not
justified even on the basis of increased stereo
separation.

Tone control range for bass and treble (as
shown in the scope photo of Fig. 6) has been
kept to a relatively low amount of boost capa-
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bility so that you will not tend to overdrive the
limited power capability of the built-in ampli-
fier. A moderate amount of bass boost is
permanently in the circuit (even with the BAss

control set to its flat or mid-position) to add a
bit of depth to music reproduced over the rela-
tively small built-in low-frequency speakers.

Cassette deck measurements

Table Il summarizes results of tests made
on the cassette recorder section. Record/play
frequency response, using TDK-type AD fer-
ric tape, extended from 40 Hz to 12.0 kHz,
somewhat better than that claimed. Figure 7
shows a point-by-point plot of the response
using this tape at a —20-dB recording level.
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While CrO, tape yielded somewhat better
results (with response out to 13 kHz), we do
not recommend using this type of tape with the
model RC-828 (at least not with our sample).
For some reason, when CrO, tape was used,
distortion at a 0-dB record level was excessive
(we checked the switch setting several times to
make sure that it was the correct one) and
since the signal-to-noise ratio obtained using
this tape (even referred to the higher distortion
point) was not as good as that obtained using
the high-quality ferric tape from TDK, there is
no reason 10 use the CrO, variety.

Because of the extremely low price tag of
the model RC-828, JVC undoubtedly could

not incorporate either Dolby noise-reduction
circuitry or their own ANRS hiss-reducing
scheme. We almost wish that they had added
$50 or so to the cost of the instrument and
used either the Dolby or ANRS circuitry. For
many listening applications, however, the sig-
nal-to-noise values greater than 50 dB are
satisfactory, and the reasonably good frequen-
cy response and the superbly low wow-and-
flutter characteristics of this cassette tape deck
mechanism make it a true high-fidelity tape
deck in every sense of the word. We have
tested many $200 cassette deck components
that performed no better than the cassette
section of the mode! RC-828, which, after all,
contains six radio bands, a complete stereo
amplifier /speaker system and that amazing
biphonic circuitry.

Summary

An overall evaluation, together with our
summary comments, is contained in Table IV.
We do not suggest that the model RC-828 is a
suitable substitute for a true high-fidelity com-
ponent system in your home. But there may be
occasions when you want reasonably good
reproduction such as when traveling, residing
in a dormitory or in a hotel, or at other times
when you are away from your primary hi-fi
system. To ears accustomed to good clean
sound, the model RC-828 offers sound that
comes amazingly close to the real thing and
permits you to record cassette tapes to be
played back later on your primary system or
cassetlte stereo system in your car. JVC also
offers an unusual headphone/microphone
combination (model HM-200E) that allows
you to make your own binaural recordings.
That product, plus the mode!/ RC-828, makes
an unbeatable combination. R-E

CONVERGENCE PROBLEM

After changing the picture tube in this Quasar TS-934, | have a
convergence problem. | don’t understand this.—A. R., East
Haven, CT.

Sometimes, a new picture tube will have slightly different
tolerances than the original tube. However, this doesn’t seem to
be too common. The most frequent cause appears to be some-
thing that was disturbed during the changing operation, such as
loose contacts, broken wires, etc. Check out all the convergence
pulses on the plug and make sure they’re all normal.

(Feedback: “Right! | had a couple of problems in the vertical
circuitry that were upsetting the pulses going Lo the conver-
gence board.”)

NO HORIZONTAL SWEEP

All I can get on this RCA CTC-71J is a thin, bright vertical line.
The high voltage seems to be OK. The horizontal-deflection
yoke winding checks out. What is this?—J. R., Detroit, MI.

You have several things that are normal (high voltage, etc).
So, the horizontal-output stage is working. Your yoke is OK,
but you're not getting through it! Check the horizontal yoke
return circuit, which goes through the pincushion transformers,
a 0.55-uF capacitor and the plug-socket contacts. Something in
this circuit is probably open.

(Feedback: “Bingo! The PC-board conductor between the
yoke return contact and the first pin transformer was open.”)

VOLTAGE PROBLEMS
This Admiral T12H4-1A has no high voltage, no boost or plate
voltage on the horizontal oscillator. | can get the B+ voltage as
far as the height control. | tried changing tubes, etc.—no luck.
No shorts that | can find. Where am | losing it?—B. T., Delta,
IA.
Follow the DC path from the horizontal oscillator plate back

to the B+ voltage (see diagram). Note that there’s no starter
resistor connected directly to the B+ 130-volt line: this goes
back to the damper cathode of the 33GY7. So, your damper
tube must be conducting before you can get anything out of the
horizontal-output stage at all. (Found a set once with a broken
cathode ribbon on the damper tube! That was weird.)

BLTS o
] 33GY7
L Z 0 ¢ HoRIZOUTPUT oAMPER 80V
GRID

S R60

> 150K
RE3
10018 BOOST

SOURCE
B+ PRESENT HERE

TO HEIGHT CONTROL

Your path leads from the oscillator plate through R60 (150K)
and R69 (100K) to terminal 6 of the flyback, then through two
small windings back to the damper cathode. You do have B+
voltage as far as terminal 6, which is connected directly to one
end of the height control. So, that much is OK. Resistor R69
may be breaking down under load.

Start checking at terminal 6 on the flyback to see just where
you lose the voltage. If the resistor checks good cold, try bridg-
ing another resistor across it to see what happens. There is one
fairly unlikely possibility that should be checked if nothing else
works. Read the control-grid voltage on the horizontal oscilla-
tor. If this measures too far positive, the tube will draw so much
current that the plate voitage will drop to zero. There is no
coupling capacitor to a high voltage that could short in this
chassis, but you may have a leakage across the socket or some-
thing equally weird! R-E
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Computer
Program

Know what your
long-distance calls
cost as you make them

FRED BLECHMAN, K6UGT

WOULD YOU LIKE TO KNOW EXACTLY WHAT YOUR TOLL AND
long-distance cails are costing you, as you are making them?
With a simple computer program, you can synchronize yourself
with the phone company billing machine, and have your
computer screen print out your accumulated charge, and the
time (in seconds) to the next added charge!

I used a Radio Shack TRS-80 computer, so the program is
written in Radio-Shack Level | BASIC. If you have a different
computer, you should be able to adapt it with no trouble. The
program is written so that it allows the operator to request
information on rates and discount periods, or bypass these
instructions and go right into entering the three variables that
determine the cost of the call: the initial time period, the initial
time charge and the additional charge per minute. Once this
data is entered, the operator places the phone call in the regular
manner, and presses the ENTER key on the computer keyboard

. H_ 20|

ACTUAL SCREEN PHOTOS of program as it is running during a real phone call. Display tells you
actual cost of call moment by moment.

when the party at the other end picks up their phone. That
synchronizes your computer with the phone company timer—
with absolutely no connection to the phone lines! From that
point on, the computer display shows the initial cost and time
period, counts down the seconds to the next added charge and
(after the initial time period) displays the total time and cost
continuously. To make the total cost more readable, it is
enclosed in a graphic rectangle.

You must account for the operating speed of the computer.
This is done in lines 130 and 140 by delaying the start of the
countdown a few seconds, since it takes time for the computer to
get to this point in the program on the first pass (mostly graphic
delay). Also, I found my TRS-80 ran a FOR-NEXT loop at a rate
of 490 loops-per-second, as shown in line 225. You might have
to change this number slightly if your computer runs a bit faster
or slower. This program uses 2495 bytes of memory of the 3583
available in the TRS-80 4K memory unit.

Telephone Toll Totalizer Program
© 1978 Fred Blechman

5 REM % PROCRAMMED FOR TRS-80 LEVEL | BASIC
10 REM * COPYRIGHT 1978 FRED BLECHMAN *
15 REM % THREE LINES AFFECT THE TIMING OF THIS PROCGRAM *
16 REM % LINES 130 AND 140 DETERMINE THE STARTING COUNT%
17 REM % (THIS LETS YOU CORRECT FOR THE GRAPHIC DELAY) %
18 REM % LINE 225 CONTROLS THE SECONDS COUNTING ACCURACY *
20 CLSPPP.
21P" TELEPHONE TOLL TOTALIZER"P..P.
25 IN."DO YOU WANT SPECIFIC INSTRUCTIONS? YES=1NO=2":A
26 IF A=1GOTO 300

28 CLS:P.P.:P.

29 pn TELEPHONE TOLL TOTALIZER":P.:P.
30 IN"WHAT IS THE INITIAL TIME PERIOD (MINUTES)”;P

35 P.:P.

40 IN."WHAT IS THE INITIAL CHARGE (CENTS);l

45 P.P.

50 IN"WHAT IS THE ADDITIONAL CHARCE PER MINUTE (CENTS)”:M
51 CLS:P..P..P..P.

55 P."WHEN THE PARTY AT THE OTHER END PICKS UP THE RECEIVER”
57 IN."PRESS ENTER TO START TIMING. . . ":A$

60 CLS:P..P.

70 P."THE INITIAL COST OF THE FIRST";P;“"MINUTE(S) 15:$"":1/ 100

80 P.*  THE ADDITIONAL COST PER MINUTE 15:$":M/100

90 P.AT 847,"PRESS BREAK TO STOP COUNTING.”

100 C=1/100.D=1
110 FOR X=22TO 93

115 SET (X,22):SET(X,28):NEXT X

120 FORY=22T0O 28
125 SET(22,Y):SET(93,Y):NEXT Y

130 T=56

140 IFP=3 THEN T=176

150 GOTO 221

56

200 PAT 526,"THE TOTAL CHARGE IS NOW:§":C
210 SET(93,24)SET(93,25):SET(93,26)

215 P.AT 651" TOTAL TIME CHARGED IS NOW:":P+D; "MINUTES”
220 T=59D=D+1

221 C=C+(M/100)

225 FOR X=1TO 490: NEXT X

230 P.AT 330,"SECONDS TO THE NEXT ADDITIONAL CHARGE."-T
240 T=T—1

250 IF T=—1GOTO 200

255 GOTO 225

300 CLS:P"YOUR CHARGES ARE BASED UPON THREE THINGS:”

310 " (1) INITIAL TIME PERIOD (1 or 3 MINUTES)”
320 P (2) INITIAL CHARGE (FOR THE INITIAL PERIODY)”
330 P° (3) ADDITIONAL CHARGE PER MINUTE AFTER INITIAL PERIOD"

340 P.P."IF YOU USE AN OPERATOR TO ASSIST YOU, THE INITIAL”

350 P."TIME PERIOD IS 3 MINUTES. DIRECT DIAL IS 1 MINUTE.”

360 P..P"THE CHARGES ARE BASED ON THE DESTINATION CALLED. . . *

THESE ARE USUALLY LISTED IN THE FRONT OF THE PHONE BOOK” ‘
380 P, . . OR. .. .CALL OPERATOR FOR THE RATES.” ;
390 P."DO YOU WANT INFORMATION ON DISCOUNT PERIODS?”

400 PN."YES=1NO=2"8

410 IF B=2 COTO 28

420 CLS:P."THERE ARE TWO DISCOUNT RATES IN THE CONT. US.A.:"

430 P." 35% DISCOUNT: 5PM-11PM SUNDAY-FRIDAY"
440 P 8AM-11PM HOLIDAYS":P.

450 P 65% DISCOUNT: 11PM-8AM EVERY NIGHT”

460 P 8AM-11PM SATURDAY"

470 P 8AM-5PM SUNDAY"

475 P..P."CHARGES ARE BASED ON TIME AT CALLING POINT!
476 P.:P.:P.

480 IN."PRESS ENTER TO INPUT TIME AND CHARGE DATA. . . "A$
490 COTO 28
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ltsTime Is Now!

For years, audio engineers have sought practical ways to increase
the signal-to-noise ratio and dynamic range in audio recordings.
Here’s a look at what’s coming from the giants in the recording industry.

THREE SEPARATE EVENTS HELD IN THE
last several months have convinced me
that we are on the brink of a major revo-
lution in recording technology: the High
Fidelity Show held in Tokyo, Japan, in
late September, 1977, a press conference
held by the 3M Company in New York
just prior to the Audio Engineering Soci-
ety (AES) convention in early Novem-
ber, 1977; and the AES convention itself.
The revolution, of course, has to do with
the coming transition from analog audio
recording to digital audio recording.

It is fitting that this transition should
be taking place exactly 100 years after
Thomas A. Edison inscribed thosc first
recorded words onto a tinfoil cylinder. As
crude as that first recording was, its basic
concept has remained the same for a
century. All presently available record-
ings are analog representations of sound
waves. In the case of discs, the analog is
represented by continuous wiggles or un-
dulations in the disc’s groove walls. In the
case of tape, the analog consists of contin-
uously varying magnetization patterns on
a ribbon of tape coated with particles that
can store such continuous magnctization
patterns.

Analog-to-digital conversion
Any amplitude or number can be rep-

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

SINEWAVE SAMPLE VALUES

SAMPLE | DECIMAL | 6-BIT BINARY
NO. AMPLITUDE | AMPLITUDE
1 20 010100
2 23 010111
3 2 011000
4 21 010101
5 16 010000
6 13 001101
7 9 001001
8 8 001000
9 1 001011
| 10 16 011000 |
2% ~
20 ;é//
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FIG. 1—SINEWAVES can be converted to digi-
tal form by sampling at specific points and then
converting the amplitude into a binary repre-
sentation, as shown in the accompanying ta-
ble.
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resented by a binary numbering system in
which only “0” and 1" are used. The
way (o represent a continuous sincwave
(see Fig. 1) in binary language would be
to sample the amplitude at several points
and express the results in binary form. If
a 6-bit system is used, for ecxample, you
could express any amplitude level from 0
(000000) to 63 (111111). The table in
Fig. 1 shows how a waveform is expressed
in binary language, using a 6-bit system.

Assume, also, that you are sampling at
a rate of 50,000 times-per-second. If the
single sinewave shown in Fig. | were part
of a 5000-Hz tone, you would have ten
chances to sample one complete wave, as
summarized in the table in Fig. I. Note,
however, that some of the bit valucs
expressed are not totally accurate. In any
bit or binary-number expression, only
whole numbers can be used (as shown in
the accompanying decimal system equiv-
alents of the 6-bit code). Thus, to make
the digital equivalent of any waveform
miore accurate, more bits must be used.
Furthermore, in the example, a 5000-Hz
signal has been used. If the same sam-
pling rate (50,000-per-sccond) were used
to dissect a 20,000-Hz waveform, you
would only have 2'/: chances per cycle 1o
sample the waveform amplitude. Even
though it would seem that such a low
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sampling would not be enough to repre-
sent a pure 20,000-Hz sincwave, it is
possible to reconstruct the 20-kHz sine-
wave as long as it has been sampled at
least twice (once for its positive-going
peak amplitude, and again for its most
negative value).

Advantages of digital recording

Once an analog or continuous wave-
form signal has been converted to a series
of pulses (for example, a positive pulse
for *1” and an absence of a pulse for
“0”), these pulses can be recorded on
tape. For tape recording, the advantages
are obvious since the pulses can all be
recorded at a constant amplitude. That
means that every pulse can be recorded at
a level well above the residual noise level
of the tape and well below the saturation
level. Thus, the system’s dynamic range is
no longer limited by the parameters of
the magnetic tape itself. It can be shown
that in a digital recording system, each bit
of storage capability offers 6 dB of
dynamic range. So, for 96 dB of dynamic
range (that’s about 30 dB better than the
best analog tape rccorders can deliver),
all you have to do is create a 16-bit digital
recording system.

The 3M/BBC system

The 3M Company and the British
Broadcasting Company have jointly de-
veloped such a recording system. Figure 2
shows their new Digital Audio Mastering
System that is designed to replace analog
systems in professional recording studios.

il ok =
FIG. 2—NEW DIGITAL AUDIO MASTERING

SYSTEM is manutfactured by the 3M Company
and contains 32 audio tracks.

It records 32 audio channels on special 1-
inch-wide tape. A matching siereo re-
corder (not shown) is included in the
complete digital recording system, com-
parable in size and style to present analog
professional mix-down recorders. Figure
3 shows the operator’s panel for the
system. This panel can be removed from
the cabinet for use at nearby remote loca-
tions.

i BB SIOITAL AUIHQ RRCOROLS

FIG. 3—FRONT PANEL of the new Digital Audio
Recorder.

The frequency responsc is flat within
0.3 dB from 30 Hz to 15 kHz, and within
3 dB out to 20,000 Hz. Signal-to-noise
ratio is an incredible 90 dB or better, and
harmonic distortion is less than 0.03% at
any frequency from 20 Hz to 20 kHz at
+15-dBm input levels. Intermodulation
distortion is equally low for any two
frequencies mixed. By way of compari-
son, Fig. 4 shows the harmonic distortion
in a recorded 5-kHz pure tone for a top-
quality analog recording system com-

0dB
@ 20
W40
2 ok DIBITAL ANALOG
= g,
% 80 Jlk M
X THRESHOLO LIMIT OF
INSTRUMENTATION
5Hz 8Hz 10Hz 12H: 15Hz

FREQUENCY

FIG. 4—HARMONIC DISTORTION curves of an
analog recorder vs. a digital recorder.

pared with that for the digital mastering
system. Second- and third-harmonic
components for the analog system are
around 55 dB below the 5-kHz funda-
mental signal, whercas in the casc of the
digital system, these distortion compo-
nents are some 80 dB or so below refer-
ence record level.

There are other advantages to the sys-
tem. Because equal-amplitude digital
pulses are used to represent all audio
signal waveforms, the problem of tape
saturation at high frequencies becomes
meaningless. The full dynamic range of
all types of music (even electronic music,
which often has disproportionately high
levels of high frequency signals) can be
recorded without using compressors, lim-
tters or manual gain riding. In profes-
sional recording, it is a common practice

WwWWwWwW americanradiohistorv com

to make several dubbings from the orig-
inal multitrack master recording before
arriving at the final two- or four-channel
mix-down recording. In an analog system,
each such dubbing adds approximately 3
dB of noise. In a digital system, any
number of dubbings can be made with
absolutely no degradation of signal-to-
noise ratio. Furthermore, using a digital
system eliminates such problems as tape
print-through, in which high magnectiza-
tion levels on one layer of tape can
become imprinted on adjacent layers to
produce pre- or post-echoes.

& 0
-
20 "ANALOG
= {0dB - 250 NW/M2?)
s W
= g0 — L R—
|
o “\‘b, ok
= 80w o
< =R
=100 DIGITAL {0dB ALLOWS

| 12dB HEADRDOM)
0 2Hz 5Hz 8Hz 12Hz 16Hz 20H:z
FREQUENCY

FIG. 5—SPECTRAL PURITY of an analog re-
corder vs. a digital recorder.

Because of slight motion irregularities
in a conventional analog system, recorded
tones are often accompanied by modula-
tion noise—that is, the noise tends to rise
at frequencies just above and below the
frequency of the recorded tone, as shown
in the upper trace of Fig. 5. By compari-
son, the lower trace, representing the
results obtained using the 3M digital
mastering system, shows no measurable
modulation noise surrounding the same
10-kHz recorded test frequency. This
spectral purity is a distinctly audible
improvement when listening to playback
of digitally recorded audio programs.

Wow-and-flutter for the new system is
not measurable. Obviously, even the best
tape transport is not totally free of such
speed variations, but in a digital system it
is possible 10 store the millions of bits
corresponding to the audio signal in
short-term memory, and then to relcase
them in perfect, uniform sequence de-
termined by a reference quartz-crystal
oscillator clock.

Tape dropouts can, of course, pose a
serious problem in a digital system if the
missing information is not compensated
for. In an analog system, a short dropout
is often undetectable, since our ears tend
to fill in the gaps if they are sufficiently
short. In a digital system, dropouts mean
an absence of pulses, which the system
would interpret not as missing music but
as a different bit-code altogether. Ac-
cordingly, in the 3M system, each track
contains a degree of track redundancy
and, with the aid of computer memory,
such dropout errors are automatically
corrected. This requires 1'/2 times the
normal tape length needed if such a
correction scheme were not included, but
it 1s well worth the extra tape. The tape in
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the 3M system operates at a speed of 45-
inches-per-second; 7200 feet of recom-
mended tape wound on a 12'/-inch reel
provides 30 minutes of recording time.
Of course, the 3M Company has devel-
oped a high-storage density tape to go
with the machines. At the AES Conven-
tion we were also shown Ampex’s new
Series 460 digital audio recording tape
specifically designed for digital-recording
applications. Digital dropout for this new
tape is less than an average of | us per-
100-feet of tape per track, mecasured
across the entire tape width and length.

Consumer digital systems

The new 3M professional mastering
system is expected to cost a recording
studio around $150,000. If this seems
extremely high to home recordists, it
should be pointed out that a comparable
first-quality analog system costs around
$80,000, and provides 24-track capability
(as opposed to 32 tracks), using 2-inch-
wide tape (as opposed to l-inch tape).
Therefore, in terms of per-track cost and
tape usage, the prices are not that dispa-
rate. Still, this new system would prob-
ably never be bought by a home recor-
dist.

On the consumer front, things seem to
be moving along just as quickly. Sony, for
example, has developed a PCM add-on
tape accessory that can be attached to its
Betamax home videotape recorder. For
some reason, the Japancse digital audio
recording systems are called PCM (Pulse
Code Modulation), but these systems are,
in fact, true digital tape recording sys-
tems and operate on the same digital code
principle as the more claborate multi-
track 3M system.

At the AES show, we also saw a PCM
recorder from Mitsubishi, as well as a
new PCM cassette tape deck that features
an oversized cassette of specially formu-
lated 2-hour tape, a frequency response
from DC to 20 kHz, 0.5 dB, 80 dB of
dynamic range, distortion of under 0.3%
and undetectable wow-and-flutter. This
cassette deck uses 13-bit digitization, a
47.52-kHz sampling frequency as well as
a sophisticated system of dropout com-
pensation.

Soundstream, Inc. displayed a 4-chan-
nel digital mastering system with a digital
editing feature that produces inaudible
splices with resolution to less than 30 us.
The editing system can even be used to
produce splices at different places on each
track and, since the tape is never physi-
cally cut, a selection can be repeatedly
spliced and auditioned while the all-elec-
tronic digital editing system keeps track
of acceptable final results.

Direct-to-disc

It can be argued that digital tape
recording will mean little if, in the end,
these superior master tapes are used to
cut only conventional lacquer discs from
which vinyl pressings are made. However,

this is not really the case. Readers may be
familiar with some of the new limited-
edition direct-to-disc records that are
now available. In this process, a master
lacquer disc is cut during an actual
musical performance expressly to elimi-
nate the intermediate analog-tape record-
er process. Anyone who has heard thesc
discs can attest to their better sound qual-
ity. Making a direct-to-disc record, how-
ever, means bypassing all the sophisti-
cated multitrack capabilities that have
been developed over the years and are
responsible for present-day high-quality
recordings, since later editing or mixing
is not possible. By introducing digital

Home disc system

The final development in this conver-
sion from analog-to-digital audio technol-
ogy has already appeared. Several Japa-
nese companies have already perfected a
PCM disc and its required player. At the
AES convention, two seemingly identical
machines were shown—one by Teac, the
other by Mitsubishi. These discs contain
tiny pits or photoetched depressions be-
neath a PVC coating. A monochromatic
laser beam reads the presence or absence
of these tiny pits on the disc; these read-
outs are then converted into pulses or
digital code that is then amplified and
converted back to audio waveforms.

TURNTABLE  PCM DISC COLLECTOR LENS LASER BEAM
/
DISC ROTATING ,/é -
SERVO CIRCUIT 7
DISC
DRIVE\
MOTOR . //FDCUS ACTUATOR
N e
;‘ ' TRACKING TRANSPARENT
LASER ACTUATOR VINY L \\_, LENS
RADIAL CHLORIDE 1o 0F COLLECTOR LENS
FEED
SYSTEM DPERATING
MO s CONTROL [«  SWITCH,
CIRCUIT ETC.
[_____}____ ____________________ q
A (| ereamp- | | FM | | oropouT ||
| = 1 B LIFIER DEMODULATOR[ | COMPENSATE |
LIGHT BEAM REFLECTING| l |
DETECTOR SPLITTER MIRROR | |
| /A |
[ CONVERTOR | |
| PCM REPRODUCE AMPLIFIER J‘

LINE OUTPUT

FIG. 6—PCM RECORD PLAYER uses a laser to reproduce music from a transparent vinyl chloride

disc.

master tape recording as the initial studio
recording technique, the advantages of
multitrack recording can be combined
with the sound quality of direct-to-disc
techniques since the digital master tape
system introduces no intermediate degra-
dation of the music signals.

The end of signal processing?

Because of the limitations of analog
tape recorders, recording studios have
used many kinds of signal processors to
try to get around the noise and dynamic-
range limitations of the analog tape sys-
tem, using such schemes as Dolby noise
reduction and dbx companders and the
like. The widespread use of digital master
recording systems could well make such
devices obsolete—at least insofar as stu-
dio use is concerned. Of course, as long as
vinyl long-playing discs are used as the
final playback software, some compres-
sion of dynamic range will still be neces-
sary before the master disc is cut, since
even the best LP’s are not capable of
much more than 65 dB of dynamic range.
However, digital master taping
techniques may insure that more discs
will reflect that full range along with
lower distortion.

www americanradiohistorv com

Figure 6 shows a simplified diagram of
the laser PCM disc system. The turntable
platter rotates at a speed of 1800 RPM,
controlled by a precise quartz-crystal os-
citlator locked servo system. For some
idea of the system’s potential perfor-
mance, consider the following projected
specifications: a dynamic range of 98 dB;
a frequency range from 10 Hz to 20 kHz
within 0.5 dB; distortion less than 0.1%;
and wow-and-flutter (typically) less than
0.001%. Thirty minutes of playing time
can be had from a single disc.

While it may be several years before
digital PCM discs are as common as LP
records, the possibilities exemplified by
these outstanding specifications are too
good to be ignored. The lack of contact
between the disc and the pickup arm
means that there should be no perfor-
mance deterioration no matter how many
times the disc i1s played. There will be no
tracking distortion, pinch effect, or track-
ing error as with mechanical systems.
Nor will there be any acoustic feedback
(howling) and surface noise in a disc that
requires no more delicate handling than
present-day LP’s. This is a very attractive
prospect for the program source of the
future. R-E
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Little Pro Beep

Easy to build programmable beeper
can be used as the heart of a call system

[1s

COMP 1

a
xw

COMP2 FF 1

Ja1214
= 5] REGULATOR
? hi T OUTPUT
. Ll - CONTROL
2l i A e LOGIC

S S S S W W

U
——0O TRIGGER

1

TIME
BASE

BINARY "conTROL
COUNTER FLIP-FLOP

FIG. 1—CALECTRO J4-1214, simplified diagram. (Courtesy Calectro Handbook No. 98-102.)

CALL SYSTEMS ARE COMMONLY USED IN
supermarkets and in department stores to
summon personnel to the office or the
phone. A bell repeats an identification
number until the desired person answers.
This very stmple system may prove ample
for many call purposes.

It is a programmable beeper. 1t can be
switched to beep once, twice or four
times, repeating the signal automatically.
If desired, it may be set for a continuous
sound. In addition, there is a choice of
two audio frequencies—a buzz (about
105 Hz) and a tone (about 210 Hz). A
total of eight distinct signals is avail-
able.

The beeper uses a programmable coun-
ter, Calectro type J4-1214 (an equivalent
to the XR-2240), the simplified diagram
of the programmable counter is shown in
Fig. 1. The timebase section functions
somewhat like that of the popular 555
timer. Capacitor C and resistor R are
external timing components. The capaci-

PARTS LIST

All resistors /. watt, all capacitors 50
volts.

R1—47,000 ohms

R2—20,000 ohms

R3, R4— 10,000 ohms

C1, C2,C3—.05 uF

C4—0.1 uF

J1—earpiece jack

J2—phono jack

S1, S3—SPST toggle switches

S52—SPDT toggle switch with “off” center
position.

IC—J4-1214 (Calectro)

16-pin DIP socket for above

IC socket adapter (Radio Shack 276-

024)XChassis box, metal, 3% X 2 X 1'%

inches

Miscellaneous hardware

tor charges through the resistor. When
terminal 13 reaches the critical value,
comparator-2 triggers the flip-flop. C is
quickly discharged, a negative pulse ap-
pears at pin 14, and the sequence repeats.
The formula for the time period is T =

TRIGGER
INPUT
(PIN 11}
TIME BASE
OuTPUT
(PIN 14)

COUNTER
OUTPUTS

- —* PIN2

L ]

= —

[T IO T

PIN3
i | Y PIN4
FL = PING

s
b
FIG. 2—TIMING DIAGRAM. The counter outputs

are shown in a, and the output at pin 1 is shown
inb.

ISAAC QUEEN

RC (seconds =
farads).

The timebase pulses feed a string of
eight divider stages (only stages 1, 2, 8
are shown in the diagram). Their outputs
are available at pins | through 8, respec-
tively. Each pin has half the frequency of
the previous one. All eight pins are
normally at a logic-1 level. At the trigger
instant, all the pins go to a logic-0 level
(to ground). Refer to Figs. 2-a and 2-b.
For example, pin 1 remains at a logic-0
level for an interval T, then snaps back to
a logic-1 level for a time T, and so on. At
pin 2, the interval is 2T, at pin 3 it is 4T,
etc.

The squarewave outputs from J4-1214
are available from pins 1 through 8, indi-
vidually or in any desired combination.
Figure 3 shows how to tie pins | and 8 to

megohms X micro-

PINS OF 441214
1 2 3 4 56 78
e & o 0 o o
Ry
—e
+ out

BATTERY

L

FIG. 3—STRAPPING TECHNIQUE.

s~ L LT LA
PIN 8 ___—]_J——L_

GENERATING THE DOUBLE-BEEP
FIG. . —GENERATING DOUBLE BEEPS.

the output. The AC output appears across
load R; and the output terminals. The
battery is assumed to have negligible
impedance.

Figure 3 is a wired-OR connection. If
either pin 1 or pin 8 goes to a logic-0
level, there can be no output at the output
terminals. As an example, take R

continued on page 98
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FIG, 5.—BEEPER, the complete schematic.
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Programmed delays and intervals of many hours can be precisely timed
by combining the short-term accuracy of the one-shot multivibrator
with the precision of the binary counter. Here is how the setup operates.

JOSEPH J. CARR

ELECTRONIC TIMER CIRCUITS USUALLY CONSIST OF MONOSTABLE
multivibrators (i.e., one-shots), and their periods are controlled
by an R—C time constant. The 555 IC timer, for example, has an
output duration of 1.1 RC. Most literature dealing with 555
applications claim that 10 megohms and 100 uF are the
maximum values for R and C, respectively. However, at these
maximum limits, precision components are difficult to obtain
and, when available, tend to be expensive. Precision resistors in
the 10-megohm range are relatively available, but capacitors
with better than 5% tolerance in the above 1-uF range become
increasingly difficult to obtain as the capacitance value goes up.
In addition, many capacitors, even tantalum types, tend to be
leaky; this deteriorates the precision of the R-C circuit. Also,
most electrolytic capacitors are rated to be within —20% to
+100% in the over 10-uF region.

Using the maximum values specified by 555 manufacturers
produces an output period of (1.1) (107) (107%) = 1100
seconds, or about 18 minutes. If you cascade several 555 devices
so that the first device triggers the second and so forth, you can
obtain long time delays between the occurrence of the trigger
and the trailing edge of the last output pulse; these signals could
be gated together to produce a long-duration timer using lower-
value components of higher precision. However, even if six 555
IC’s were connected in that manner, they would only produce a
duration of not quite two hours.

A better alternative is to use a countdown technique in which
a precision timebase oscillator drives a binary or BCD counter.
If we build this circuit using TTL or CMOS IC’s, the timer will
accomplish our purpose, but still have a relatively high IC
count.

The Exar Integrated Systems XR-2240, XR-2250 and XR-
2260 timers (with counterparts being Intersil’s 8240, 8250 and
8260, respectively) contain a timebase that. is similar to the 555
timer, as well as a built-in binary or BCD counter.

Figure 1 is the block diagram of these IC’s, and Fig. 2 shows
the simplified internal circuitry for the XR-2240. The internal
circuitry for the XR-2250 and XR-2260 is similar, except that
the binary counter is BCD-coded, and the regulator output (pin
15) becomes an overflow output for the counter.

There are three basic sections in the timer IC: the timebase,
the binary counter and the control logic (see Fig. 1). The time-
base is an R—C multivibrator that produces output pulses with a
duration equal to R X C. The counter in the XR-2240 is a
straight 8-bit binary counter with outputs weighted in the stan-
dard 29, 2, 22, 23 24 2% 2¢ and 27 format to produce time

weights of 1, 2, 4, 8, 16, 32, 64 and 128 times the timebase
period.

The XR-2250 uses a BCD-weighting in which pins 1 to 4
form the least-significant digit (weighted 1, 2, 4 and 8), and pins
5 to 8 form the most-significant digit (weighted 10, 20, 40 and
80). The XR-2250 produces output times that are weighted 1 to

FIG. 1—TIMER IC PINOUT diagram for the XR-2240, XR-2250 and XR-2260.
Numbers in parentheses are the binary weighted time durations.

99 times the timebase period.

The XR-2260 timer is similar to the XR-2250, except that
the most-significant digit is limited to a maximum count of 5
(with a weighting of 50); output pin 8 on the XR-2260 is not
used. This IC is designed for use in hours, seconds and minutes
timers.

In all three IC timers, the timebase oscillator produces the
pulses that are fed to the counter input, and the control flip-flop
triggers the timebase and sets all counter outputs initially to 0.

The XR-2260 timebase, like the popular 555, consists of two
voltage comparators, a flip-flop and two NPN transistors (see
Fig. 2). This design allows an R-C timer to achieve better
stability because there is less dependence upon temperature
fluctuations and, especially, on changes in the power-supply
voltage.

Transistor QI in the timebase is the discharge switch, which
keeps capacitor C discharged whenever Q1 is turned on. Tran-
sistor Q2 is an open-collector output switch that drives the input
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of the binary counter. In normal operation, where the counter is
driven by the internal timebase, the collector of Q2 (pin 14) is
connected to the regulator output through a 20,000-ohm resis-
tor.

The two voltage comparators are biased by voltage-divider
network R1-R3. The noninverting (+) input of comparator 2 is
biased to approximately 0.27+ (pin 16 is V+).

When a trigger pulse is applied to the control-logic section,
the timebase flip-flop is placed in the SET condition, thereby
turning off transistors Q1 and Q2. In this condition the timebase
output terminal is forced high, and capacitor C starts charging
through resistor R from the V+ voltage source. When the
capacitor voltage reaches 0.27+, comparator 2 toggles, reset-

 C—— T
] JREGULATOR RESET
| § L OUTPUT TRIGGER
<>R] A — () — — () —
LI $ek + 15 1 ol
2R COMP 1 w |
< 12 - I
I - |
R2$ FLIP-
p: FLOP - . CONTROL
|8'59K‘>[ 0 S ot B LOGIC }
13 i [ a ‘ |
| —+ : :
| COMP 2 :
cl |
= R3S -t |
| sx$ |
I ar
| @ [
| |
Be |
10 S §7 VRN g PR C R
=L TIMEBASE G———A—
3 OUTPUT
i TIME | BINARY |_conTROL
| BASE | COUNTER ["FLIP-FLOP

FIG. 2—XR-2240 IC contains a timebase circuit and a binary counter.

ting the flip-flop and turning on Q1 and Q2. When Q1 is turned
on, the capacitor is discharged rapidly. When Q2 is turned on,
the timebase output terminal drops low. The length of time that
the timebase output terminal remains high is the R—C time
constant, or R X C (R is in ohms, C in farads for time in
seconds).

Each counter output is an open-collector NPN transistor
capable of sinking a maximum of 5 mA, and must be connected
to the V+ voltage through a pull-up resistor. Since the IC will
operate with V+ supplies between 4.5 volts and 18 volts DC,
the minimum value of the pull-up resistor is 900 ohms at the
minimum supply voltage and 3600 ohms at the maximum
supply voltage. A resistance of 10,000 ohms is typically speci-
fied.

The basic timing circuit is shown in Fig. 3-a. When a trigger
pulse is received, the timebase begins producing pulses and the
counter starts incrementing. It continues to increment until a
positive-going reset pulse is applied to pin 10. Figure 4 shows
the XR-2240 timing diagram for the first eight timebase pulses
(only pins 1 to 4 are involved, pins 5 to 8 remain low until after
the eighth timebase pulse).

If two or more outputs are wired together through a single
pull-up resistor (a wired-OoR configuration), then the output
remains low for as long as any single output is low. This feature
allows you to program the output period by connecting together
the appropriate pins and selecting the timebase frequency. If
only pin 1 is used, then the output duration is | X RC, and if all
eight pins are wire-oR’ed together, then the output duration is
255 X RC.

If, for example, you wanted a 67-second timer, you could set
the R-C time constant to 1 second (i.e., R = 1 megohm, C = 1
uF, or R = 10 megohms and C = 0.1 uF), and then wire-OrR
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FIG. 3—EXTERNAL CIRCUITRY required for timer IC is shown in a Timer
starts counting after receiving trigger pulse. Modification shown in b is
for free-running mode.
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pins 1, 2 and 7 together to obtain weightings of 1, 2 and 64,
respectively. The output duration will then be (1 + 2 + 64)RC,
or 67RC. Since the R-C time constant is 1 second, the total
output duration is 67 seconds. Any time duration between 1RC
and 255RC can be programmed using the XR-2240, or between
1RC and 99RC using the XR-2250, or between 1RC and 59RC
using the XR-2260.

The circuit shown in Fig. 3-a is self-resetting because reset
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terminal pin 10 is connected to the output through a 51,000-
ohm resistor. At the end of the output period, the output termi-
nal snaps high, forming the positive-going reset pulse that shuts
off the timebase oscillator.

The modification of the basic circuit shown in Fig. 3-b allows
for continuous operation of the timebase. The trigger is tied
permanently high, and the reset is grounded and therefore
inhibited. You could also use this circuit in other applications
besides simple timing procedures.

Precision in an R-C oscillator is often difficult to achieve
because of changes in the power-supply voltage and thermal
changes in the component values. The comparator timebase
used in the Exar IC’s and the 555 reduces the effects of power-
supply changes because they operate on a fixed percentage of
the V + voltage, rather than being dependent upon the absolute
voltage. The timebase can be partially freed of thermal effects
by using precision (or at least metal-film) resistors and either
silver mica, polycarbonate or polyethylene capacitors in the
R~C network.

Figure 5 shows two alternate approaches to achieving greater
precision. In Fig. 5-a, the internal timebase is disabled and an
external clock is used instead. The external clock can be derived
from the 60-Hz power line for moderate precision, or from a
crystal oscillator /divider chain similar to the timebase used in a
frequency counter for high-precision applications.

Figure 5-b shows an external reference being used to synchro-

A\ o/
XR-2240 XR-2240
THRU THRU
XR-2260 XR-2260
CLOCK R1

9 51K

INPUT
Tlgﬁ_?_;\ﬁ 14 75 MODULATION Hml
o c1

TIMING RC 0.14F
1K

a b

FIG. 5—EXTERNAL TIMEBASE can be connected to timer IC as shown in
a. Internal timebase can also be synchronized to an external source as
shown in b.

nize the internal R-C timebase oscillator. A series network
consisting of a 5100-ohm resistor and a 0.1-uF capacitor is
connected between the reference frequency source and the
timer 1C’s modulation terminal, pin 12. The frequency source
must have a pulse amplitude of at least 3 volts P-P and a dura-
tion between 0.3RC and 0.8RC. The repetition rate of the sync
pulses can have a 12:1 ratio with the output pulses.

Cascading timers

The output-pulse duration can be extended by cascading two
or more timers. Because it is possible to wire-OrR the outputs,
this procedure is easier than in 555 circuits and results in longer
durations-per-1C because of the countdown construction of each
timer IC. Figure 6 shows two cascaded XR-2240 timers. In this
scheme timer ICl is the input section, therefore, its timebase
oscillator is operating. The time period is set by R1 X CI. The
128 (R1 X C1) terminal (pin 8) forms the external timebase for
1C2.

Both timer IC’s have their respective trigger and reset termi-
nals connected in-paraliel. The 1C2 outputs are OR’ed together
through resistor R4, forming the timer output terminal. Feed-
back resistor RS resets both IC1 and 1C2 at the conclusion of
the time period.

The total period generated by Fig. 6 is (2'¢) (R1 X Cl), or
65,536 (R1 X CI)!If the R1C1 time constant is set to | second,
then the total period is 65,536 seconds, or more than 18 hours!
Cascading allows you to use very short timebase periods to
produce extremely long output durations. Of course, using short
timebase periods means that the values used for R1 and CI are
small, which results in the use of more readily available preci-

v+ |8
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1y 3R g
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ic1 TiMinG RCPS
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E
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TRIGGER
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T v+H8 )
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12 4
—
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2167
5 " TRIGGER
851 TRIGGER 0
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1o - st RESET S =
65.536R1C1 8 9 RS <
*+—1128T GNDr—_lr_ 5”(::

o0—
OUTPUT

FIG. 6—EXTENDED DELAYS can be obtained by cascading two (or more)
timer IC’s together.

sion stable components.

For example, let’s design a simple l-hour (3600-second)
timer using the circuit shown in Fig. 6. The timebase period
(i.e., R1 X CI1) must be 3600/65,536, or 0.055 seconds. We
must select a combination of R1 and Cl that will produce a
0.055-second time constant. The proper combination can be
found by some pencil-and-paper trial and error calculation
(thinking with a pencil saves hours of breadboarding and doesn’t
risk burning out IC’s).

First, select a convenient value for Cl. You could just as
easily select a standard resistance, but it is easier to use a poten-
tiometer to trim a fixed resistor to an oddball value than it is to
use a variable capacitor to trim a standard-value capacitor t0 an
oddball value. So, let’s select 0.1 uF for Cl.

Next, calculate the value of the resistance required from the
equation R1C1 = 0.055. Since Cl is 0.1 uF (1077 Farads), the
formula becomes R1 = 0.055/1077, or 5.5 X 10° ohms
(550,000 ohms). If R1 is made from a standard 510K resistor
and a 100K trimmer (a ten-turn type is preferred), then the
timebase period can be adjusted to a precise 0.055 second. Make
sure not to use carbon composition resistors (metal film is
better) for R1 or unstable capacitors for CI.

Programmable timers

Figure 7 shows a timer that can be programmed using an
external digital word. The basic circuit is the one shown in Fig.
3-a, except that the output terminals are connected to a pair of
7485 four-bit magnitude comparators.

The 7485 is composed of a set of TTL exclusive-OrR gates
connected to compare two 4-bit words and issue outputs indicat-
ing whether word A is greater than word B, word A equals word
B, or word A is less than word B. Each IC has both magnitude
inputs and outputs that allow several 7485 IC’s to be cascaded.
In this case, you must compare the 8-bit output of the counter
with an 8-bit command from an outside source such as a micro-
computer output port or a set of thumbwheel switches.

The timing diagram for Fig. 7 is shown in Fig. 8. Since word
A programs the timer, the output durations are given in terms of
the value of word A and the RC timebase period.

When the trigger pulse is received, word A has previously

www.americanradiohistorv.com

8461 AINr

<N
(2]


www.americanradiohistory.com

0 VUL | e TRIGGER I l
- Yy _—L
1 C1 c2 =
R2 == 01uF TRIGGER
20K o — EEN N
A<B - (A+ 1) XRI XCT—— &
16 |15 {14 13 iz [ o Js &
TIESESEL S FEERE
>
o <<a = (] w o —
<5852 % 2 & M
So%o s 3 =
S Sl
) = =
Ic1
A>B L AXRIXC— — ]
XR-2240, XR-2250 OR XR-2260 -
= —ne—
— — — = I{: (= «©
SRS B 25 & o FIG. 8—TIMING DIAGRAM for the programmable delay timer.
T2 [3 s [5s |6 |7 [8
1619 11 e [d 19 [11]1af1 s
e ——— —VA——0
e
WORD B WORD B 10 R2 Rl V+
7 < B 71 A<B
CASCADE A=B 2] cascane 0 RESET 51K 10K
INPUTS INPUTS
6 A=B 3 g A=B
1C2 7485 IC3 7485 e~ o ) B85
CASCADE CASCADE ASB
2 outpuTs||-A=B 4 outPuTs | IE—2738
as WORD A WORD A T 2T 4T 8T 16T 32T 64T 1287
ettt e——t——— — e
1
10 [12 [13 P15 |8 8 10 12 [13 |15 213 44 15 (6 |7 |8
GROUND
B1 B2 B3 B4 = B5 BS B7 BB IFSZZBU
LOWER FOUR BITS HIGH FOUR BITS  USED LSD MSD DHSECHIGHIETD
U2V P2y THUMBWHEEL SWITCH
LOWER DIGIT UPPER DIGIT COMMON COMMON
(IF 2250, 2260) {IF 2250, 2260) 1 0uTPUT
FIG. 7—PROGRAMMABLE DELAY TIMER can be obtained with the addi- FIG. 9—PROGRAMMABLE DELAY TIMER using BCD thumbwheel
tion of two magnitude comparators. switch.
HOURS MINUTES SECONDS
THUMBWHEEL SWITCHES VJB T
S1 S2 S3 S4 S5 S6 ———O00QUTPUT
g ] ® SWITCH COMMON : | SWITCH COMMON | | 4 SWITCH COMMON
< R1
;:mk i
ﬁ —215v)
1Hz CLOCK
ica ™ ic3 e —"q— 12 T Ic1 v
XR-2250 'O XR-2260 XR-2260 N XR-2260 if
= ﬁ n 16 17 16 f7
CARRY| 2 CARRY |15 2 CARRY |15
a T N T gureutf—— | | —1%"  outeuT N
TIMEBASE}14 TIMEBASE |14 3 TIMEBASE |14 314t TIMEBASE
4T outeut T ouTeuT . T “outeut - . ouTPUT
8T TIMING RGPS, 8T TIMING RCHS— 8T TG RePe— | —Her Timing ReES
5
et o167 gt et
6 11 8 1]
8131 TRIGEERP 851 TRIGGERPY 32T TRIGGER S31 TRIGGER
1 7 10 7 10
Hear  peseT PO Hear  meseTp BAT  RESET st RESET
8 9 8 9
811281 snDl-e ngo—2] onop Neo—Y GND o GND4
)
S X
ps =
2 STSA]RT o AF}A':' 4 [;'i
5 i 1 60Hz  C1° (o 5;32* A 02
w L 0 o——ov+ o 3 < ~
o V+: PIN 16 ALL ICS = SEE TEXT
1]
o FIG. 10—100-HOUR PROGRAMMABLE TIMER uses BCD thumbwheel switches.
a
<
o
64

WwWWwWWw.americanradiohistorv.com


www.americanradiohistory.com

been set to some value between 00000000, (0,4) and 11111111,
(255,5). All the timer outputs drop low, so word B is initially
00000000,. At this time, word A is either greater than word B,
or equal to it if word A is also 00000000,. In the former case, the
A>B output from IC3 is high and the other two outputs are
low. When the counter has incremented so that word A and
word B are equal, then the A = B output goes high for one clock
period, after which word B is greater than word A, so the A<B
output goes high. The timing durations are (A+1)R1C] for A
less than B, and ARICI for A greater than B. The A = B
output produces a single pulse at time AR1CI.

Assume that the Fig. 7 circuit is programmed so that word A
is 178,, (10110010,), and that the R—C time constant is 5
seconds. What is the duration of the A>B pulse? The duration
is A X R1 X C1, or (178) (5 seconds), or 890 seconds (about
14.8 minutes).

Thumbwheel switches with binary, BCD, or octal-output
codes can be used to program these IC timers. Figure 9 shows a
BCD thumbwheel switch that programs an XR-2250 timer. The
BCD switches are connected to the output lines on the timer IC,
and the switches are in turn connected to pull-up resistor R1.
The switches provide a simple way to build circuits (such as that
of Fig. 3-a) using convenient front-panel switches to change the
output duration when desired.

Figure 10 shows the circuit of a precision 100-hour timer
using the Exar XR-2250 and XR-2260 timer IC’s. Four timers
are in cascade and are programmed by thumbwheel switches.

Timer IC1 is used as a timebase to generate a [-Hz clock
from the 60-Hz AC power line. The values of C1, C2, R1 and
R2 depend on the amplitude of the 60-Hz line used for the
timebase.

The XR-2260 counts to 59, and on the 60th count gencrates a

carry pulse on pin 15. This output pulse represents a frequency
division of 60 for the XR-2260 and a division of 100 for the XR-
2250.

As shown in Fig. 10, the seconds and minutes sections of the
circuit are thumbwhecl-programmed, cascaded XR-2260 IC’s,
while the hours section is a thumbwheel-programmed XR-2250
IC allowing a maximum of 99 hours. Both XR-2260 IC’s use
the carry-output pulse to drive the timebase input of the follow-
ing stage.

The thumbwheel switches program the total duration of the
output pulse, but some applications might require a continuous
monitoring of the time that has elapsed since the trigger pulse
started the counters. To do this, you can use an events counter or
a clock IC that uses a 1-Hz input. Another alternative is to use
an hours-minutes-seconds counter circuit with its reset terminal
connected to the timer output. The timer output is active-low
and so will allow counting during its time duration, but it will
reset the counter when it goes high at the end of the time
duration.

Precision is a2 word not ordinarily used in conjunction with the
AC power-line frequency. Digital frequency counters and short-
duration timers that use 60-Hz AC power lines as the timebase
are often described as being only of moderate precision. The
accuracy specification is usually given in terms of 1% or a little
less as a result of small variations in the line frequency. The
actual frequency varies above and below 60 Hz as the generator
speed changes, but the average frequency is quite close to 60 Hz
over a period of time. This timer, then, possesses good accuracy
for long durations but only moderate accuracy for short time
spans. Using a precision crystal-controlled 1-Hz or 60-Hz clock
will insure that the accuracy remains the same over the entire
range.

SWITCHING TRANSISTOR SHORTS

This Quasar TS-938 came in with no picture or sound. Found
Q8 (power supply switching transistor) shorted. | replaced it
and two days later it was back with Q8 shorted again. | need
some help before | blow another one of those expensive transis-
tors! With the replacement in, it worked fine. | could use some
heilp.—H. Y., Baltimore, MD.

You sure could! This can be highly nonhabit forming. | ran
across the same thing not very long ago. A friend uscd the same
replacement transistor you did. We checked and found that this
was a good transistor but had only a 700-volt peak-surge rating.
The original transistor apparently had an 800-volt peak rating,
We used a Sylvania ECG-165, which has a 1400-volt peak
rating, and it is still working several months later. Always check
the peak-voltage rating of this kind of transistor, and use a
substitute with the highest rating you can find, of which therc
are several.

LOSS OF RASTER

This Zenith 19ECA45 chassis loses the raster intermittently. I've
checked everything I can think of, with no luck. Doesn’t seem to
damage anything! Where do | go from here?—D. L., Ridgefield,
CT.

There is one problem we’ve run into in this and other Zeniths
using the 9-90 horizontal module. Check resistor R808, 330
ohms. If this resistor is bad, it upsets the horizontal sweep.
Replace it with a 1-watt resistor.

(Feedback: *“That did it! Resistor R808 was almost open. The
set is working fine now.”)

TURN-ON SQUEAL

This Admiral M10 chassis “popped”™ at turn-on and finally
quit. Resistor R818, in the horizontal driver collector, was open.
Replacing this resistor brought the set back on. However, the
horizontal oscillator/output would squeal at turn-on, now and
then, and also at turn-off. All waveforms became normal after
the unit stabilized, but fuse F1000 would blow after 5 to 8 hours

of operation. After quite a bit of checking, [ found electrolytic
capacitor C811 (10 pF, 25 V) was intermittently opening up and
allowing some kind of screwball feedback at turn-on and turn-
off, and somehow making it blow that fuse.

Thanks to Leon Caldwell, Caldwell’'s TV, Mena, AR.

NO TINT CONTROL

Several things such as the IC, etc., were replaced in this
Zenith 23DC 14 chassis after a lightning hit. Now, | do have color
and good tints, but no tint control at all. | don’t get it.—L. C.,
Mena, AR.

This chassis uses a DC-voltage tint control, with presets in the
color circuitry. Your tint-control DC voltage-supply circuit goes
through the chromatic switch. Check for normal DC voltages
and follow them through the switch.

(Feedback: *“Right, the DC voltage on the tint control
wouldn’t vary at all. | found a burned-up 470-ohm resistor in the
DC voltage-supply circuit. I also finally traced the DC supply
voltage through the chromatic switch and found that both
conductors going to the tint controls were completely blown.
Two short pieces of wire fixed that!”)

SCOPE PROBLEM

I've got all kinds of odd distortion in a Heath OM-2 scope. I've
tried new tubes, with no luck. Do you have any bright ideas?—
J. H., Chicago, IL.

Maybe not any really bright ideas, but, from my experience
in working over old scopes, I recommend checking al/ the
coupling capacitors in the vertical amplifier stages. While you’re
at it, check all the plate, grid and cathode resistors, too, and
replace any that are off-value. Doing this fixes most of them.

I had a strange horizontal nonlinearity in an old scope.
Replacing the coupling capacitors in the vertical amplifier
stages cured it. | haven’t explained that one yet, but it worked!

(Feedback: “That did it. Changed two 0.1-uF coupling capac-
itors and now the scope works fine!”) R-E

www americanradiohistorv com

8461 AINC

=]
(3]


www.americanradiohistory.com

RADIO-ELECTRONICS

-]
-]

Bl e

hobby corner

An easy-to-build crystal oscillator that is a must for your

workbench.

THIS MONTH WE’LL DISCUSS HOW TO BUILD
a device that should be on every work-
bench. It is a wide-range, multipurpose
crystal oscillator that you can use to
perform dozens of tasks.

Crystal oscillator

In order for a crystal oscillator to be
most useful, it should:

1. Operate over a wide frequency

range.

2. Operate with different types of
crystals.

3. Have an output containing the
fundamental and adequate har-
monic frequencies.

4. Require no tuning.

5. Be easy to construct.

The crystal oscillator described here
meets these requirements and more. It
functions with fundamental crystals from
100 kHz to 17 MHz or more—a very
wide range. Overtone crystals will oscil-
late on their fundamental frequencies—in
fact, every crystal I put in causes the unit
to take right off. (Incidentally, overtone
crystals do not oscillate at an exact
submultiple of the marked frequency.
This is the nature of such crystals—the
oscillation will be close but not exact.)

This little oscillator has quite a rich
harmonic output for a one-transistor cir-
cuit. The harmonics of a 100-kHz crystal
can be heard well above 20 MHz.

How you can use it

Before we describe the circuit in detail,
let’s take a look at some of the ways you
can use this oscillator. First, of course,
you can use it as a crystal calibrator for a
receiver. Most receiver dials are not very
accurate, and a 100-kHz crystal in the
oscillator will show “marker signals™ ev-
ery 100 kHz across the dial so that you
know where you are. Other crystals can
also be used for this purpose. For exam-
ple, a 500-kHz crystal produces a marker
every 500 kHz; a 1-MHz crystal, one
every | MHz; and so forth.

The oscillator can be ysed for aligning
receivers. It is worthwhile even if you
have a signal generator because most
hobbyist generators are not very accurate
themselves. A crystal at the intermediate
frequency (IF)—usually 455 kHz—per-
mits you to tune up (align) the IF strip of

EARL “DOC” SAVAGE, K4SDS, HOBBY EDITOR

the receiver. The fundamental and har-
monic frequencies of one or two other
crystals will generate the signals you need
to align the radio frequency (RF) cir-
cuits.

Do you use a transistorized portable
radio with shortwave bands or an SWL
receiver without a beat-frequency oscilla-
tor? If you have ever attempted to tune in
ham or commercial transmissions that are
CW (code) or SSB (single sideband), you
know they sound like gibberish. This
little oscillator can clear up the confusion
nicely. Simply use a crystal at or very
near the intermediate frequency and run
its antenna near the IF section of the
receiver. Then careful tuning produces
readable CW and SSB signals.

Another interesting oscillator applica-
tion is for frequency spotting. Suppose
you want to hear a favorite broadcast or
shortwave station that is sometimes hard
to locate. Just pop a crystal of the station
frequency into the oscillator, and you
know just where to look. For example,
hams and those studying to be hams
sometimes have difficulty locating station
WIAW for their code practice sessions
on 3580 kHz. An inexpensive 3579.54-
kHz crystal of the type used in digital
clocks or a 3.58-MHz “rock”™ as used in
TV color oscillators will put you almost
right on it.

Often it is desirable to change the
frequency coverage on a receiver; for
instance, you want to receive a shortwave
signal on a broadcast set or the WWV
time signals (5, 10, 15 MHz, etc.) on a
receiver that does not tune to one of those
frequencies. The usual solution is to build
a small converter, the main part of which
is (you guessed it) a crystal oscillator.

Circuit description

Now that you know some of the ways
you can use the crystal oscillator, let’s
look at the circuit.

Figure 1 shows that only a few stan-
dard components are used. In fact, two,
Cl and S!, can be omitted entirely and
the oscillator will still perk right along.
None of the components are highly criti-
cal so you can use those with 10% or 20%
tolerance, and, in most cases, you can use
the next closest standard value.

If you use a socket for the transistor,
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the oscillator can be used for a transistor
tester provided you put in DPDT switch
S1. Then, with the switch in the proper
position, pop either an NPN or PNP
transistor into the socket for testing. If
oscillation occurs, the transistor is good.
This test does not tell you how good, just

ANTENNA

Cc3
30pF

S2
ON
OFF
+
NPN L
4: i
F2K PNPOTO o
= = I s 3
< i =
*2N2222,
SEETEXT L o
FiG. 1
TO CRYSTAL
SOCKET
FIG. 2

that it is good. However, a transistor that
oscillates also amplifies, switches, and
does most other tasks it may be called
upon to perform.

You can omit switch S1 and the socket
if you don’t plan to test transistors. In this
case, just wire the circuit for an NPN
transistor and solder in either a Radio
Shack No. RS-2009, a 2N2222, a
2N4124, or any comparable NPN tran-
sistor from your junk box.

The current drain on the 9-volt battery
is less than 1.5 mA, so it should last for a
long time under normal intermittent use.

Variable capacitor Cl, if it is used,
should be a compression-type padder, and
the maximum value can be anything from
40 pF to 200 pF. Space permitting, you
can use a physically larger capacitor type.
The purpose of Cl is to permit fine
adjustments to be made in the oscillation
frequency so that it exactly matches a
standard; for example, WWYV. If this
feature is not needed, you can omit C|
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and connect the crystal directly to the
transistor collector.

Capacitor C3 (shown as two dotted
lines in Fig. 1) is needed only if the
output is to be connected directly to
another circuit. Normally, the short
length of wire functioning as the antenna
can be placed near a receiver antenna.

Switch S2 is the on-off switch. De-
pending upon the major use of the oscilla-
tor, you may prefer a toggle or a momen-
tary pushbutton switch.

One final note: You may find it advan-
tageous to replace the 30-pF fixed capaci-
tor C2 with a 100-pF compression pad-
der. If you run into a sluggish crystal that
is hard to start, adjusting variable capaci-
tor C2 will usually cure it.

Construction

After collecting the components, you
should put the circuit together on a
breadboard before hard-wiring it. Bread-
boarding is always a good idea because
you can find bad components and other
problems while they are still easy to
correct.

When the circuit is functioning proper-
ly, wire it up using your favorite meth-
od—wiring pencil, point-to-point, wire-
wrap, or circuit board. It should fit easily
into a box measuring 12 X4 X 2/
inches unless you have some outsized
components.

At least two sizes of crystal sockets
should be used. Wire them in parallel. If
one will accommodate the HC-6U holder
and the other, the FT-243 holder, you can
then handle the common crystal sizes.

Capacitors C1 and C2 (if you use a
variable capacitor there) should be
mounted so that they can be reached for
adjustment through holes in either the
main panel or a side panel. Don’t forget to
use an externally mounted socket for the
transistor if you also plan to use the oscil-
lator as a tester.

Oscillates without crystal

This circuit will oscillate without a
crystal. Wire up a coil and a capacitor (as
shown in Fig. 2) and you have a variable
oscillator; that is, one in which you can
change the frequency. For example, a
loopstick coil and a 365-pF variable ca-
pacitor taken from an old broadcast-band
radio enables you to swing the signal
frequency across the broadcast band.

You can experiment with other coil
and capacitor values to obtain higher and
lower frequency ranges. Just plug the coil
and capacitor into the crystal socket. You
may find it necessary to short-out C1 for
some combinations to oscillate, but do not
expect every combination of values to
create oscillation.

The frequency of the crystal-less or
L—C (for inductance-capacitance) oscilla-
tor is not very stable. It wobbles and
shifts with mechanical vibrations and
body capacitance (as when you place your
hand nearby). However, for less exacting

requirements, it may serve just as well.

This L-C oscillator has one additional
use that may be helpful. Many hobbyists
have no means of determining the induc-
tance value of a coil. (A grid-dip meter is
the best way to do this at reasonable
cost.) However, if you can find a combi-
nation of a known capacitance that will
oscillate with the unknown inductance,
you are in business.

Simply find the oscillating frequency
on your receiver and plug the values in
the formula below. Make sure that you
have the fundamental frequency and not
one of the higher harmonics. Also, you
must use the correct units of measure-

ment as shown in parentheses below:
25,330
f2(MHz) X C(piwf;rads)
The same procedure can also be used to
determine the value of an unknown ca-
pacitance if it will oscillate with a known
inductance. Just use this formula with the
same units as before:
25,330
2 X L
It would be hard to find a more versa-
tile device than this crystal and L-C
oscillator. You will surely discover many
more uses for it around your workbench,
and it is so useful that you may find your-
self building more than one. R-E

L(microhenrys) -

v

=

0.5% LCR Measurement Accuracy

R

Loss Factor \
Ranges

NOW FROM LEADER. ..

The Basic LCR
Bridge, Updated.

9V Battery or
AC Adapter Operation

2 9 9 a
Model LCR-740. .. with accessories.
e See your Distributor or Write tor Details
A% 151 Dupont Street, Plainview. N.Y. 11803

includes
2 year warranty.

*Two years parts; 180 days labor;
60 days over-the-counter exchange.

(516) 822-9300

Expandable Range
Built-in 10% Over-range.

—
i
e

i

Ll

3 Digit Readout

When Quality Counts . . .

LEADER
Instruments Corp.

CIRCLE 40 ON FREE INFORMATION CARD

www americanradiohistorv com

861 ANC

N
~


www.americanradiohistory.com

RADIO-ELECTRONICS

Advanced Electronic Career

ANNOUNCING
... A New
CREI Program:

Minicomputer &
Microprocessor

Technology
. Including A
Microprocessor

Laboratory

Now you can learn at home
the new technology that is
revolutionizing electronics

WWW.americanradiohistorv.com

The microprocessor has ushered in the
age of microtechnology and electronics
will never again be the same. The micro-
processor has made possible the placing
of an entire computer on a silicon chip
one quarter inch square. The microproc-
essor “‘miracle chip” is in the process of
changing the world. Soon all technical
personnel in electronics will have to un-
derstand and work with the microproc-
essor. It is invading virtually every area
of electronics. And it is profoundly affect-
ing your electronics career.

Brand New
Program

CREI has a brand new program to help
you learn how to work effectively with
this revolutionary electronics develop-
ment. CREI's new program in Minicom-
puter and Microprocessor Technology is
designed to prepare you for this field by
giving you the education and practical
experience you need.

The program provides solid prepara-
tion in electronics engineering technol-
ogy with a specialization in minicomput-
ers and microprocessors. In addition,
it includes a microprocessor laboratory
which features a fully programmable
microcomputer which utilizes the Mo-
torola 6802 microprocessor chip. This
is an extremely important element of
your program.

Programming
Essential

As you may well know, you must learn
how to program the microprocessor in
order to design, service or troubleshoot
microprocessor electronic systems.
There is only one effective way to learn
this all-important skill of programming,
and that is by actually doing it. CREI's
new program gives you this opportunity
as you work with the exciting micro-
processor laboratory.

Programming
Is Easy

With CREI's new program, learning the
skill of programming is simple. Within a
few hours you'll be programming the
microprocessor and in a short time you'll
learn how to program it in three lan-
guages: BASIC, assembly and machine
languages. In addition. you will learn
how to interface the microprocessor
with other systems and to test and debug
specialized programs.
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Preparation at Home

Wide Choice
of Programs

Please note, however, that CREI's new
program is only one of 16 state-of-the-
art programs in advanced electronic
technology offered by CREL So even if
you choose not to specialize in micro-
processor technology. CREI has an ad-
vanced electronics program to meet your
needs.

With CREI, you may choose from any
of the following areas of specialization in
advanced electronics:

Microprocessor Technology
Computer Engineering
Communications Engineering
Digital Communications
Electronic Systems
Automatic Controls

Industrial Electronics
Television Engineering
Microwave Engineering
Cabie Television

Radar and Sonar

Nuclear Instrumentation
Satellite Communications
Aeronautical and Navigational
Solid State Theory

Nuclear Engineering

Unique Lab
Program

An exclusive option available with CREI
programs in electronic engineering tech-
nology is CREI’s unique Electronic De-
sign Laboratory program. lt gives you
actual experience in designing practical
electronic circuits. 1t also helps you
to understand the theories of advanced
electronics and gives you extensive ex-
perience in such areas as tests and mea-
surements, breadboarding, prototype
construction. circuit operation and be-
havior, characteristics of electronics
components and how to apply integrated
circuits. Only CREI offers this unique
LLab Program.

Practical

Engineering

CREI programs give you a practical en-
gineering knowledge of electronics. That
is. each part of your training 1s planned
for your “use on the job.”” By using your
training. you reinforce the learning proc-
ess. And by demonstrating your in-
creased knowledge to your employer.
you may qualify for faster career ad-
vancement.

Free Book

There isn’t room here to give you all of
the facts about career opportunities in
advanced electronics and how CREI
prepares you for them. So we invite you
to send for cur free catalog. This fully
illustrated. 56 page book describes in
detail the programs. equipment and serv-
ices of CREI

Qualifications

You may be eligible to take a CREI
college-level program in electronics if
you are a high school graduate {or the
true equivalent) and have previous train-
ing or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level
programs in electronics

o

Mail card or write describing qualifications to

dy Programs in

CRE! Introduces
Program 580
MINICOMPUTER &
MICROPROCESSOR
TECHNOLOGY

UDING MICROPROCESSOR
et LARORATOR™ PIGGRAM

CAPMOL
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INSTEUTE
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Cowanuing
catiowCemer
EI3u *o.c

GiBI
CRE. programs

CA PIT oL are approved
RADIO Jor training of
ENGIN EERI NG veterons and
servisemen under
INSTITUTE the G.1. Bill,

McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue Northwest

Washington, D.C. 20016

Accredited Member National Home Study Council Hilll!
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state of solid state

A look at several interesting applications for National’s IC
pressure transducers, including a solid-state barometer and

blood-pressure meter.

THE HYBRID PIEZORESISTIVE IC PRESSURE
transducer is the modern replacement for
the mechanical sensor. It is a compact
deyice that functions reliably in harsh
industrial, consumer, medical, military
and automotive environments. The same
IC that contains the pressure transducer
itself also contains the power-supply reg-
ulator, temperature compensation cir-
cuits and a low-output-impedance opera-
tional amplifier. The transducers are
manufactured with standard integrated
technology and are laser-trimmed for ac-
curacy. Their frequency response enables
them to perform through the audio fre-
quencies. They are insensitive to vibra-
tion and operate over wide pressure
ranges, from 0 to 5000 psi (pounds-per-
square-inch). National Semiconductor
manufactures IC pressure transducers for

KARL SAVON, SEMICONDUCTOR EDITOR

absolute, gauge and dual-port differential
pressure applications. The transducers
are available in a hybrid IC package for
PC mounting or a zinc alloy housing for
mechanical isolation.

Solid-state barometer

The electronic barometer circuit in
Fig. 1 uses the LX1701A absolute-pres-
sure transducer. Absolute pressure is ref-
erenced to zero pressure (a vacuum). The
LX1701A is designed for pressure ranges
of 10 to 20 psia (pounds-per-square-inch-
absolute), including the 15-psi normal
atmospheric pressure. This barometer has
a temperature coefficient of +0.0054 psi-
per-°C and a stability of +0.05 psi. The
integrated transducer operates from a
nominal supply of 15 volts and can source
20 mA and sink 1 output current of 10

A O +15V
= N\ A
HEVLMIZS | g 10K 5895k
? AAA 'AAA
vy vy

R3
10K
—15V ’

i

+15V

Vouteut

—15V

FIG. 1—SOLID-STATE BAROMETER uses two operational amplifiers and pressure transducer.
Circuit can be calibrated for any particular pressure scale.
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FIG. 2—BLOOD-PRESSURE METER uses an air pump for automatic readings. Circuit operation is

controlled by a microprocessor.
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mA. Its output impedance is less than 50
ohms. The output of the LX1701A varies
from 2.5 volts to 12.5 volts over its rated
input-pressure range.

Figure 1 shows two operational ampli-
fiers connected to the pressure transducer
that allow independent adjustment of
gain and DC offset. Adjusting the gain
and offset calibrates the system to any
particular pressure scale, whether it be
psi, millibars (1 millibar = 1000 dynes-
per-cm?), or millimeters of mercury.

For negative feedback amplifiers, the
gain is the ratio of the feedback resistor to
the input resistor. Output amplifier A2 in
Fig. 1 has a gain of R4/R3. Grounding
the noninverting input (the + terminal)
results in a zero output voltage for a
corresponding zero voltage applied to the
input through the input resistor.

Using two inverting amplifiers pro-
vides an output-voltage change in the
same positive direction as the input volt-
age. The output-level contribution from
the pressure transducer is its own output,
V,. multiplied by the gain through ampli-
fier 1 (R2/R1) multiplied by amplifier
2’s gain (R4/R3). The DC offset at the
output is the 6.9 volts from the LM 129
reference multiplied by R2/R5 and R4/
R3. Once R2, R3 and R4 are selected, the
output can be calibrated by choosing R1
for the scale factor and R5 for the DC
offset.

Blood-pressure meter

Before proceeding with the medically
related circuit discussed in this section, it
must be emphasized that National Semi-
conductor does not recommend that its
circuits be used in life-support equip-
ment.

Figure 2 is the block diagram of a
sphygmomanometer or simply a blood-
pressure meter. Here, an LX1601G (—5
to +35 psig) is used for the transducer.
The “G” suffix stands for gauge pressure,
which is a differential pressure measured
between ambient pressure and another
source—in this case, the arm cuff. The
blood-pressure meter displays diastolic
and systolic blood pressure as well as the
heart rate. Substituting the electrical out-
put-pressure transducer for the usual me-
chanical sensor permits its control by a
microprocessor, so the blood-pressure
machine can be made completely auto-
matic. Blood pressure is taken with re-
spect to air pressure. In other words,
when no blood pressure is being taken,
the meter output should read zero.

First, the microprocessor must develop
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an autocorrection signal that gives a zero
output reading before the cuff is inflated.
A latch circuit stores a multidigit binary
number from the microprocessor. The
number in the latch is changed into its
equivalent DC voltage by the D/A con-
verter.

The circuit is designed so that when
the summing amplifier (A1) output is 7.5
volts, the pressure display reads zero.
This autocorrection scheme corrects for
temperature and offset drifts anywhere in
the system. Autocorrection performs the
function of the manual zero-adjust screw
on an analog meter. Summing amplifier
Al adds the latch correction voltage to
the output of the pressure transducer.
The amplifier output is connected to the
microprocessor through the A/D con-
verter. The output of the summing ampli-
fier and the A/D converter has an AC
component due to the pulsing blood pres-
sure.

To take a reading, the cuff is gradually
inflated on command of the microproces-
sor, and a digital display shows the point
at which the AC component is at a mini-
mum. This corresponds to the systolic
pressure. The cuff is then deflated at a
constant rate, and again the minimum
AC component corresponding to the dias-
tolic pressure is recorded. There is a
direct AC signal path from the transduc-
er to the microprocessor through the
filter. This signal is used to measure the
frequency of the blood pulses or the heart
ra