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THE COVER Broadband testing, us�ng sweep-frequency reflectometry techniques, has 

been accepted as a time - saving, cost-reducing tool in research and industry. Our cover 

illustrates, in an abstract way, the ease of applying reflectometry techniques, the 

simplicity of the directional coupler which transmits the b asic information, and the 

clarity of the observed parameter in the form of an oscillogram upon the graticule . 

THE NEW LOOK 

We hope you were pleasantly surprised 

at the look of the new Experimenter when 

it arrived at your desk in February. The 

change in size and format is vidence that 

General Radio recognizes its obi igation to 

readers of the Experimenter to present 

information related to new measuring in­
strumentation, or improvements in pre­

viously issued models. in a form both 

provocative and attractive. An obligation 

exists also to supply technical information 
that is worthy of retent ion in your files. 

Looking back through the years and 

reading Vol. 1 No. 1 issued in June , 1926, I 

was pleased to note that the Experimenter 

was stipulated to be a new General Radio 

service to experimenters in home laborato· 

r ies . Service stil I is our theme but the direc­

tion has changed from the home laboratory 

of the radio hams to the laboratories of sci­

ence and industry. to the production areas 

serving comm rce and trade, and to the sev­
eral echelons of measurement accuracy rep· 

resented by standards and calibration lab­

oratories. 

The Experimenter has a significant role 

to play in advancing the state of the art of 

measurement engineering. At GR we are 

aware that many of our readers are part of 

the task forces that generate so much of 

what is new, useful, and available in the 

measurement and control fields. We hope to 

draw upon the experiences of our readers 

for some of the source material from which 

editorials will be generated in the future. 

The Editor's office at GR is prepared 10 
receive any comments you feel will be of 

benefit to our readers. Spring is here - let's 

get together as a team and "Play Ball!" 

C. E. White 

Editor 
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The New Sweep-Frequency Reflectometer 

by T. E. MacKenzie, J. F. Gilmore, M. Khazam 

The G R  1641 Sweep-Frequency Reflectometer operate 
in the frequency domain. Using a sine-wave ignal to the 
unit being tested, it measures total reflection SWR )  and 
transfer (insertion Lo ) as a function of frequency. 

This me thod should not be confused with the pulse-echo 
method (time-domain reflectometry), originally u e d  for 
detection and Location of faults in cables. The pulse-echo 
method employs a visual display which presents individual 
reflection l ocations a magnitude versus distance. The 
frequency-domain-reflectometer display p resents net reflec­

tions ve rsus frequency. 

The introduction of low SW R connectors and the ad­
vance in performance of directional couplers h ave e ncour­
aged the move from fixed frequency m easurem ents in c o­
axial circuits t o  sweep-frequency techniques. Sophisticated 
ystem s  now operate over b roader band widths and to tight­

er specifications. Some comp licat ion remained, however, 
includi ng the nee d  to establish calibrated reference levels 
for each mea ure ment and a lack of direct SWR readout. 

The G R  1 64 1  was designed to el iminate such faults. It 
provi des broad frequency coverage, 20 M Hz to 7. 0 GHz, in 
two bands by means of t w o  integrated rf units. B and 
changing is simple; no time is lost in dismantling or 
reassem b ling com ponents. Initial se lf-calibration is  not 
repeated for an ensuing series of SWR or los measurement 
with i n  t he i n  trument's range. H igh order of accuracy i 
assured by directivity greater than 4 3  d B  at I . 0  GHz and 3 7  
d B  a t  7 .0 GHz plus S W R  (for equivalent source and for t h e  
detector) less than 1 . 03 a t  1 . 0  G H z  and 1 .06 a t  7 . 0  GHz. 
All t his is available at moderate cost. 

For test purposes, only two panel controls require 
adju t ment by the operator - t he functional DISPLA Y  
switch and t h e  R A  G switch . The former controls 
mea urement of SWR ,  I SE RTIO LO S, or both; t he 
latter establishes SWR readings at full scale equal lo oo, 2 . 0, 
1 . 35, 1. 1 0, and 1 . 03 or full-scale losses of 0, I 0, 1 7, 2 7, and 
37 d B .  The controls are program mab le for re mote ope ra­
tion. 

Test data arc read directly from the panel meter in t he 
operat ional modes corre pond ing to fixed frequency. tep­
ped frequency or slow sweep. In the continuous sweep 
m od e ,  dire c t  and simul t aneous indications of SWR and los 
are presented on an auxiliary oscilloscope. 

The 1 64 1  i shown in use in igure 1 with com mercially 
available auxiliary eq uipm e nt types w h ich are in th e norm al 

I I I 
Figure 1. A test arrangement 

using GR 1641 Reflectometer. 

. ":' 
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complement of a te ting laboratory. The as embly com­
prise the 1 64 1 ,  an ex tern al rf source, and an external 

oscilloscope. Figure 2 shows the panel of t hi reflectometer, 
with the low-frequency rf unit (20 to 1 5 00 MHz) 
on the bottom left, t he high frequency rf unit (0. 5  to 
7.0 GHz) on the bottom righ t ;  both are mounted in the 
main frame w i t h  t he indicator uni t .  The tran fer detector is 
separate for flexibility. The device to be measured is 
connected between the U K OW port of the 1 64 1  and 
the t ransfer detector, the detected output of which is 
connected t o  t he 1 64 1  t hrough a cable. 

SYSTEM DESCRIPTION 
The interconnection of the various component of t he 

reflectometer system for SWR and Joss mea urements is 
shown in Figure 3 .  The sweep ource is modulated by a 
1 0-kHz qua re-wave ignal from t h e  1 64 1 .  The detected 
return-loss and insert ion-loss signals are fed to the indicator 
basically a 1 0-kHz tuned amplifier, the output of which is 
displayed on the o cilloscope after rectification. The 
blanking put  e of the sweep ource is fed to t he indicator to 
provide a zero-retrace output level, and also to t rigger the 

4 

Figure 3. I nterconnections 
of test equipment. 

Figure 2. Reflectometer panel .  

channel . witch for an alternate di play of retu rn loss or 
S\ R )  and in ertion loss with each sweep. 

Low Freque c� Un 
The low-frequency unit con i t of a balun and a 

summing junct ion, which together form a bridge circui t .  
Leveling i accompli hed b y  means of a detector a t  the 
balun junction. A second detector provides the SWR 
information. Simple conversion of the bridge for com­
parison measurements is made po ible by the e t ernal 
connec tion of the reference standard termination. The 
residual SWR of t he bridge is less t h an 1.0 1 5  to 1 . 0 G Hz 
and less t han l .02 to 1 . 5  GHz. A schematic diagram is 

hown in Figure 4a. 

High Frequency Unrt 

The high-frequency rf unit con i ts of t wo directional 
coupler , t wo detectors, and appropriate interconnecting 
tran mi sion lines. A schematic diagram of thi unit is 
shown i n  Figure 4b. The first directional coupler (the 
leveling coupler) couples part of the input signal to t he 
leveling detector, which levels an rf ource when the 1641 is 
*Patent Pending. 

lll'UNIT 
... , .. , 

:rm= 
••••• 

....... 
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operating in a sweep-frequency mode. The remainder of the 
input signal goes to the measuring coupler where part is 
coupled to the K OWN connector and the rest is 
absorbed by the built-in termination. 

The directivity of the measuring coupler is greater than 
40 dB from 0 . 5  to 4.0 GHz, and greater than 3 7  dB from 
4 . 0  to 7.0 GHz. The coupling characteristics of the 
measuring and leveling couplers are identical so that the 
magnitude of the signal reaching the U K OW connector 
follows the frequency response of the leveling detector. 

The high directivity, wide-band directional couplers are 
the heart of the rf unit .  These directional couplers have an 
asymmetric coupling region of three sections. The theoreti­
cal d esign of such units to achieve a desired coupling char­
acteristic is well known and results have been tabulated. 1 

While achieving a d esired coupling response is a relatively 
simple matter, the high directivity of these coupler units 
requires the utmost care in design and fabrication. The wide 
bandwidth covered by t hese units make i t  inevitable that 
any characteristic impedance. errors or d iscontinuities w ill 
add at some frequency, so all components must be d esigned 
and made properly. Thus the built-in termination, support 
beads, connector and line-siz e  transition must all have 
extremely low SWR's, and the coupling-region dimensions 
must be nearly perfect to achieve this level of performance. 
These characteristics have been attained in the 1 64 1 ,  
resulting i n  a measuring coupler with substantially higher 
directivity t han is available in any other commercial 
multi-octave coupler. 

1 Levy, R., "Tables for Asymmetric Multi-Element Coupled­
Transmission-Linc Directional Couplers," IEEE Transactions on 
Microwave Theory and Techniques, May 1964, pp 275-279. 

STA"IDARD (GR 1641-PI 

REFCRE"ICE­
STA"IDARD 

TERMl"IATION) 

FIVE·POltT 
'UNCTION 

SWll AllO 

F 1gure 5. Typical calibration curve for 1nsert1on loss 
measurelT'ent s  n 2 0- to 4 0 GHt range full scale 0 dB 

Dt c r 

Both the external transfer detector, used for insertion­
loss measurements, and the built-in SWR detector are 
selected to have the same frequency response as the leveling 
detector. Both have a I 0-d B attenuator built in to improve 
impedance match. The maximum p ower level at the 
detectors for an on-scale indicator reading is approximately 
- 1 0  d Bm. lt is impos ible, while maintaining an on-scale 
reading, to drive the detectors outside the square-law 
region. The leveled power required from the source is - I 0 
d Bm plus the d B-coupling factor of the directional coupler. 

D ,& 

A typical calibration curve for insertion-Joss measure­
ments is shown in Figure 5 .  The flatness of this curve 
depend mainly upon t he similarity of the coupling 
characteristics of the leveling and measuring couplers and 
upon the tracking of the leveling and the transfer detectors. 

Typical calibration curves for SWR measurements are 
shown in Figure 6. The over-all flatness of t hese responses 

LEVELlllG 
OUTPUT 

U"IK"IOWN 

lilEASUl!IK 
COUPLER 

SWRAICI 
llETUllN-LOSS 

0£TECTOll 

10411 llATCHlll• 
ATT£"1UATDll 

50-Q 
Rt:FER£NCE-S-..O 

TUttlllllAT-
)6111-7 

Figure 4b. Schematic diagram 
of high-frequency unit. 

I ----M:TURll-LOSI 
Dl:TECTOll 

... , .. 
Figure 4a. Schematic diagram 

of low-frequency rt unit . 
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r 6 yp I ca l rattan c rves for  SWR rr1eas err 'lts 
0 to 4 0 H rar>ge fu I scale oo 

gure 7 SWR rr1ea ment of 1 5 1 rr11o;match 1n 
the 2 0 to 4 0 G>-!z range f1 I I  scale 2 0. 

g r 8 S\/'vR eas r nt of 1 2 1 'Tl1smatch 1 
th 0 to 4 Q.GHz range fJll sc 1 35 

1 r 9 R estd al SWR of typica l rf u"ltt from 

2 0 o 4 0 GHz fulls ale 1 03 

depends upon the similarity of the coupling characteristics 
of the two coupler and upon the tracking of the SWR and 
the leveling detectors. The ripple in these traces and the 
difference between the open- and short-circuit curves 
depend mainly on the equivalent source match which, at 
the NK OW connector, is less than 1 .0 1  + 0.007 [GHz· 

SWR measurements of typical standard mismatches are 
shown in Figure 7 and 8. These curves ill ustrate typical 
system performance at SWR levels of 1 . 5 and 1.2 respec­
tively. The extremely low residual SWR of a typical 
high-frequency rf unit is shown in Figure 9 .  

Figure 1 0  shows a block diagram o f  the G R  164 1 
I ndicator. Two identical preamplifiers are connected to the 
main amplifier chain through the channel switch. The 
channel selection is accomplished through the DISPLAY 
switch ,  which has three positions: SWR, LOSS, and BOT H .  
I n  the BOTH position, the channel-switching circuit con­
trols the channel switc h ;  blanking pulses from the sweep 
generator cause alternate presentation of the preamplifiers 
to the main amplifier chain. The result is an alternate 
display of the SWR and LOSS functions with subsequent 
sweeps. 

The detector is a synchronous detector of the sample­
and-hold type.  Gate pulses, derived from the 1 0-kHz 
oscil lator, connect a c harging capacitor to the output of the 
final amplifier for a duration of approximately three 
microseconds. A p hase-shift network in the amplifier chain 
is adj usted so that the gate pulses coincide with the positive 
peak of the 10-kHz signal at the final amplifier. The value 
of the charging capacitor determines the response time of 
the detector and the over-all bandwidth of the indicator, 
since this i a synchronous detector. The value of the 
charging capacitor must be selected for an acceptably low 
noise-output level; the sweep speed must then be limited to 
a value compatible with the response time. 

The M ETER SCALE switch controls the attenuator in 
the main amplifier chain and also the value of the c harging 
capacitor. This relieves the operator from having to search 
for the optimu m compromise between output noise and 
sweep speed; it is only ncce ary to set the sweep time to a 
value greater than or equal to the minimum recomm e nded 
sweep time indicated by the mete r-scale control. 

Usually in systems that use diode detectors, for example, 
the 1641. the operator m ust take special precautions to 
prevent the detectors from functioning outside the square­
law regions, thereby introducing gross errors. This is not so 
with the 1641 indicator. The indicator's se nsitivity range is 
selected so that, for on-scale m e te r  reading , the source 
output power mu t be set lo a level compatible with that 
required for detector square-law operation. 1f excess power 
is available, the measurement range can be extended by this 
amount by recalibrating the instrument for SWR, with a 
standard mismatch other than an open or short, or for 
insertion loss, with a precision attenuator. For recalibration 
with a standard mismatch of 2: 1 SWR ratio, a switch is 
provided that modifies the attenuator switching sequence 
of the indicator to maintain the meter SWR calibration for 
extended range operation. 
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IO-klta 

OICILLATGll 

lllOOULATION 

Tl'UT TO SOUllCE 

IMll'L! AllD TIMI! DC -FEii 
MOUi CONSTANT AMPLIFIEll 

Dl!lB:TDll 

The diode detector, as generally used with low-frequen­
cy tuned amplifiers, has a useful operating range of 
approximately 30 d B .  This range is limited at low signal 
levels by the noise of the system and at high signal levels b y  
the deviation from square-law operation. One method t o  
extend t he square-law range i s  t o  shunt t h e  detector output 
with a properly chosen resistor. Figure 1 1  shows t he 
measured deviation from quare-law for a diode detector as 
a function of input power for three values of the load 
resistance. The optimum value of the load resistor is 
approximately 1hRd, where Rd is the dynamic resistance of 
the diode. When a l o w  resistance de ret urn path is present, 
as t hrough a choke, t he optimum load resistance is 
approximately equal to Rd. The advantage of an increase in 
dynamic range, b rought about b y  this method, is offset 

-.OUTPUT 
TO•TIER a 

l!XTl!llNAL 
Dlll'UY 

...... 

Figure 1 0. Block diagram of 1641 Indicator. 

somewhat by the disadvantage that there is a reduction in 
sensitivity caused by the addition of the shunt resistor. 

In the 1641 indicator design, a de return through a 
choke is presented at the input. The optimum load 
resistance is provided by the adjustable input impedance o f  
t he preamplifier. The disadvantage mentioned above is t hus 
bypassed. The wide dynamic range of the 1 64 1  indicator 
system is achieved by the extension of the det e ctor 
square-law range at high signal levels and b y  the reduction 
of the indicator bandwidth to a very small value in the most 
sensitive measurement range . This narrow bandwidth is 
made possible t hrough the use of the synchronous-detector 
technique previously described. 

The SWR-loss display and meter-scale control functions 
can be remo tely controlled by contact closures to ground 

•• ea'llC'lal IMMlllC Mll8WICE 
UMD 9llllillnlll ����������f-r---t���-; 

Figure 1 1 .  Diode detector - square-law 
range extension. 

... ..... ..,.,. 
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40 1.04 
"' DIRECTIVITY v 45 1.03 
� 
> 50 1.02 
s SWR 
a: 55 1.01 0 

1.00 6020 50 100 200 '°° 1000 2000 
FREQUENCY - MH.t 

Figure 1 2a. Typical spread of directivity and SWR data 
for low-frequency rf unit. 

F 1gure 1 2b. Dual presentation of typical response data, 
using open- and short- circuit terminations in 

0.5- to 1.0-GHz range; full scale • 00• 

i ::� I i ::�r-------,---??::---�-l--1 -==� ---i 
20 50 100 200 500 IOOO 2000 

FREQUENCY -MH:s 

Figure 1 2c .  Residual source match to unknown based on 
measurements of a unity reflection coefficient with varying 

reflection phase - low-frequency rf unit. 

t hrough electronic or mechanical switches. T h is allows t h e  
1 64 1  t o  be used in a u  to m a  t i c  m easuring ystems for sorting 
or qualifying devices. 

The effect of ground curren t in a m easuring system t h at 
require intercon n ections of several in trumen t h ad to be 
considered in t h e  design of t h e  ind icator. R elatively large 
1 0-kH z  curren t s  can flow through part of t h e  ground 
circuit, cau ing small voltage d ifferences between various 
ground poin t . If t he ends of t h e  input cable shield are 
connected to two such points t h rough low-impedance 
circuits, the result ing vol t age difference betw een t h e  ends 
of t h e  input cable hield will  appear in serie with t h e  
m easuring signal a t  t h e  amplifier input. This can cau e large 
errors in t h e  mea urement of low SWR or high in ertion­
Joss values. This error is reduced to a n egligible level in t h e  
1 64 1  ind icator b y  connecting o n l y  one end of t h e  input 
cable shield directly to t h e  frame and by keepin g  the 
impedance between the other end and the frame high with 
respect t o  the shield re i tance. 

ACCURAC CO'\iS DE A ONS 
The high degree of accuracy t h at h as been obtained b y  

u e o f  t h e  164 1 i s  a resul t o f  u in g component s  b ased on 
the p recision of the G R 900 connector. I n  fac t ,  the tot al 
error of t h e  1 64 1  sy tern is no greater than the om ponent 

8 

error in t roduced b y  use of general-p urpose connectors in 
ot her commercial sy terns. A con ideration of the system 
errors, however, will provide il lu trations of t h e  limits of 
perform ance, a. w ell  as provid ing a greater in ight into the 
1 64 1  system operation. 

The m ain error c on t ributions for reflection and t ran -
m ission m ea urements with the 1 64 1  are d escribed approx­
imat el y  by: 

( I )  

( 2) 

in w hich r x is t h e  true reflection coefficien t .  

r_.. is t h e  t rue transm ission coefficien t  o f  t h e  measured 
device. 
r,. and T; are the reflection and transmi ion coefficien t s  
indicated b y  t he 1 64 1  y tern. 
f' 0 and T 0 are t h e  residual reflection and t ransm ission 
coefficient of the system respectively. 
rs is t h e  equivalen t source m atch and � i the transfer-detec t or m atch of the ystem. both 
ex pressed as refl ec t ion coefficien t s. 
I:. and r} are the output reflection coefficient and the 
reverse t ran smission coefficient of the device being 
measured . 
k i t h e  frequency response c h aracteristic of the system 
normalized to unit y. 

T h e  relations above are based upon a t w o-port device, 
but they are easily expanded to apply for m ul t ip orts. For a 
one-port device, t h e  third term in equation ( l )  goes to zero 
and equation ( 2 )  is inapplicable. 

The d irectivity or equivalen t residual SWR of the system 
( f'0 when expres ed as a reflection coefficient ) is im portant 
to all reflection measurement s; the residual detector match 
to t he unknown <IJ w h en expres ed a a reflection 
c oefficient )  is imp ortant to low-reflection measurements on 
low-loss device and to t ran smis ion measurements on 
high-SWR devices. ( or t h e  mo t accurate low- WR m ea ·­

urements on mul t iports, auxiliary reflectionle s termina­
tions may be employed . )  T h e  equivalent resid ual source 
match t o  the unknown (rs w hen expressed as a reflection 
coefficient )  is importan t to both reflection an d trans­
mi sion m easurements on h igh- W R  devices. igures I 2a, 
b, and c show typical d ata for t h e  low-frequency rf unit 

( 20 t o  1 5 00 M H z). Values off'0. ['s' and r; are given in t h e  
publi h e d  specifications o f  t h e  1 64 l .  

The residual-transmis ion coefficient (r0) is essentially 
the noise level of the system. rt i dependent on the 
available source power and, for a source p ower of 3 0  mW, 
r0 i typically le  than 0 . 0 0 5  ( 4 6  d B). T h e  system flatness 
or leveling, characterized by k in equations (I) and ( 2) i 
dependen t upon both the 1 64 1  and t h e  rf source em ployed. 
The p rin cipal causes of deviations in k from unity are 
d istortion of the ystem m od ulation in t h e  ource leveling 
circuitry and t racking errors in the frequency respon ses of 
t he 1 64 1  detec t ors. Figure 1 3  shows a typical trace of 
system flatness for t h e  low-frequency range. 

GENERAL RA010 Fxperimenter 

www.americanradiohistory.com

www.americanradiohistory.com


The above discu sion of accuracy assumes negligible 
harmonic content in t he ource signal. Presence o f  har­
monics will affect the 1 64 1  system in at least two ways; 
leveling across a band of frequencies is d irectl y  d e pendent 
u pon the harmonic content and the leveling and measu ring 
detectors respond to the net source signal ( fundamental 
plus harmonic ). The relative rf p hases of the fundamental 
and of the harmonic at the two detectors may d i ffer, 
however, and t his can cau e variations in a normally flat 
trace aero s the o bserved freq uency band . The variation 
usually are not smooth b u t  appear as an amplitude 
perturbation of t he order o f  a few tenths of a decibel.  The 
use of low-pass filters in the source-signal circuit,  when 
necessary, will eliminate this problem. 

A second effect o f  the presence of harmonics is apparent 
in the measurement of d evices such a band-stop networks 
that have high loss at the fundamental frequency and low 
loss at the harmonic freq uencies. The e ffect i al o observed 
in the measurement of band-pass networks that have a l ow 
SWR at the fundamental freq uency and a high SWR at the 
harmonic frequencies. The ratio o f  harmonic level to signal 
level, in these cases, is increased by the characteristic of the 
device being measured and results in a requirement for 
more stringent filtering of the source ignal. 

The G R  I 641 Reflecto meter has wide application in 
production-test facilities; develo pment, re earc h ,  and cali­
bration laboratories; incoming inspection and q uality­
control activities. I t  mea ure one-port, two-p ort and 
multiport devices, both pa sive and active, wit h  bidirec­
tional or unidirectional propertie . With G R900 preci ion 
coaxial adapt ors, accurate measurements can be made on 
devices equipped wit h  a wid e  variety of connectors. 
Information can be obtained on a fixed- or swept-frequency 
ba i from a meter, oscillos o pe or recorder presentation, 
wit h  go-no-go limits easily establi hed.  ince the 1 641 i s  
programmable, it can b e  controlled from a remote station, 
either manually or via a computer. 

All the measurements made wit h  the reflectome ter fall 
into either the reflection-coefficient (SWR) or trans­
mission-coefficient ( insertion loss) category , but these two 
categoric encompass an extensive Ii t o f  characteristics. 
The reflection-coefficient or SWR category includes return 
loss and percent impedance deviation. The tran mi sion­
coefficient or in ertion-los category includes isolation, 

F 1gure 13 1641 sy te respon 
0 5 to 1 0 Gt-I 
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In 1962 T. E. MacKenzie joined GR's Micro­

wave Group. Previous employment was with 

t h e Alford Manufacturing Company from 

1954 to 1962. He holds degrees of BSE E 

(1958) and MS in Physics (1963) from 

No rtheastern University. His work at G R  

has been primarily in the development of 

m i c ro wave instruments .  components, and 

standards. 

J. F. G ilmore joi ned G eneral Rad i o  as an 

engineer in the Microwave G roup in 1963, 

after receiving his BSEE in 1961 and MSEE 

in 1963 from Northeastern Univeriscy. He is 

presently engaged 1n microwave circuit and 

component design. H e  is a member of IEEE. 

After receiving his  EE degree in 1957 from 

the Delft University of Technology in Hol­

l a n d. M. K hazam was a project engineer 

with the Laboratory for E lectron1c Develop­

ments for the Dutch Armed Forces. He Join­

ed G R 's Engineering Department 1n 1962 

and presently is spec1al1z1ng in the develop· 

m e n t  of u hf vhf instruments and com­

ponents. 

at tenuation, coupling, d irectivit y ,  gain, and freq uency 
response. Mo t of the important characteri tic of filters, 
antennas, isolator , circulators, switches, power dividers, 
couplers, amplifier , attenuators, cablt:s, and terminations 
are included in these t \ o categories. 

The 1 641 pro ide a convenient means to measure the 
SWR of antennas, to search for re onances, and t o  
characterize components or semiconductor devices. T h e  
following paragraphs describe some pecific measurement 
examples and areas of application. 

F-1gure 14 SWR and loss char .. cter t1 of a 5 stage 
bandpass filter m tt>e 463- to 473 MHz rang 

f I scale SWi:t) art! 10 dB ( nss) 

SWR 

LOSS 

9 

www.americanradiohistory.com

www.americanradiohistory.com


FORWARD REVERSE 

Figure 15 Insertion loss for isolator in the 2.0- to 
4.0-GHz range; full scale: 0 dB in 15a and 17 dB in 15b. 

REVERSE 

FORWARD 

Figure 16. SWR for isolator in the 2.0- to 4.0-GHz range; 
full scale� 1.35. 

Figure 17 Video detector SWR in the 2.0· to 7 0-GHz range; 
full scale 1 35. 

Figure 18. Termination SWR in the 2.0- to 7 0-GHz range; 
full scale - 1.03. 
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Co 

Figure 14 shows t he measured pa band characteristics 
o f  a five-stage band pass filter over the 463- t o  473-MHz 
band. ince both the transmi ion-response and SWR 
cha racteristics can be displayed imultaneously, t h e  effects 
of peaking in the ind ivid ual ections can be quickly and 
easily d etermined . 

Figures 1 5  and 1 6  show t he measured characteristics o f  
an isolator over the 2- to 4-G H z  band. The forward 
characteristics were measured with t he isolator input 
connected to the rf unit U K OWN port. The rever e 
characteri tics were mea ured wit h  the i olator outpu t  
connected t o  t h e  rf unit UNK O W  port.  T hese measure­
ments are typical of t hose required on circulators, swi tche , 
power dividers and at tenuator . 

Figure 1 7  shows t he SWR o f  a video detector over t h e  2-
t o  7- Hz range and Figure 18 hows the SWR o f  a 
t ermina tion over t he same range. The full-scale SWR range 
in t he first case is 1. 35,  in t he econd 1 . 03. The ripples in 
the traces indicate that t h e  y tern re id ual SWR is less t h an 
l . 07. 

Figure I 9 shows t h e  rejec t-band lo s of a nominally 
2-GHz strip-line l ow-pass filter. he spurious responses in 
the vicinity of 5 GHz are the re ult o f  leakage coupling. The 
full-scale loss is I 7 d B. 

The data shown in Figures l 7, I 8, and 1 9  were obtained 
u ing t he system of Figure 20, which comprises the 1 64 l ,  
a n  A lfred M odel 9 5 1 0  Multi-octave Sweep Oscillator and a 
Tektronix Type 564 St orage Oscilloscope. The rf connec­
tions between the reflec tomcter and t h e  oscillator plug­
ins were made t h rough a coaxial switch.  To coord ina te 

t he triggering of t h e  oscil lator plug-ins and t h e  rf switch 

r 19 Re1ect band loss of 2-GHz strip line 
o.t11 pass f 1lter full scale 17 dB 

Figure 20. Test assembly for Figures 17, 18, and 19. 

MARCH/APRIL 1969 

Figure 21 Insertion loss for 12.5 feet of RG-58 U cable. 
f..ill scnl 0 dB 

wi th the horizontal-sweep voltage to t h e  oscilloscope, t he 
oscil la tor-blanking output wa u sed (through a eparate 
switching network). It was also used t o  witch the leveling 
connections. The modu lation connec t ions were mad e  in 
parallel. The system wa opera ted continuously wi th a 
sweep time of I 0 seconds. 

(, 
Figure 21 shows the at tenuation c harac teri t ic of an 

RG-5 8/U cable assembly a bout 1 2. 5  electrical feet long. 
Figure 22 shows the SWR characteristic.  These measure· 
rnents were taken by inserting t h e  cable between t h e  
U K OW port and the transfer d etector o f  t h e  164 1. 
The frequ ency range of measurement is I to 2 G Hz .  The 
a t t enua tion characteristic d ecreases uniformly from 1 .4 d B  
t o  2. 1 dB. The ripple in t h e  SWR characteristic indicat es 
t ha t  t h e  main ources of SWR error are about  1 2. 5  feet 
apart (a hal f waveleng t h  at the ripple-rate frequency); in 
fact, the SWR is principally caused b y  the d i scontinu it ies at 
t he cable-connector junctions. 

In many instances, it  is not possible to attach a detector 
t o  the far end o f  a cable - for example, i f  t h e  cable or 
t ransmission line is long or passes through a b u l k h ead or is 

11 
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F 19 re 22 SWR for 12.5 feet of RG 58/U cable; 

fu II scale 1 35 

1gure 2� Return loss for 12 5 feet of RG-58/u cable 

o c1rc.J1ted full scale 0 dB 

F 1gure :?4 I nsert1on los, nd SWR for 50 feet of 

HG 214 U cable 1n tlie 2.0 to 4.0-GHz range, 

fi.. I seal 1 10 {SWR) and 10 dB (loss) 

attached to an antenna mast. Measurements of the loss and 

SWR characteristics still are of interest. Such measurements 

can be accomplished by leaving the far end of the cable 

open-circuited (or short-circuited) and by looking at the 

return-Joss or reflection characteristic only. This is 

illustrated in Figure 23 for the same cable as that of Fig­

ures 21 and 22. 

The attenuation is just one-half of the average indicated 

return loss because the measured signal travels down and 

back the length of the cable. The ripple in the return-loss 

characteristic is a measure of the cable input SWR, which is 

given approximately by the voltage ratio corresponding to 

the ripple excur ion in dB. This measurement is limited to 

the degree that the value given by twice the cable 

attenuation must be at least 10 dB less than the termina­

ted-cable return loss. lf this is not the case, then the 

attenuation information i lost. or example, if the cable 

attenuation i IS dB, twice the cable attenuation is 30 dB; 

the attenuation information therefore is ubmerged in the 

cable return loss. In fact, for long, lossy cables ( 20-dB 

attenuation or greater), the SWR can be read directly with 

the cable not terminated. In uch cases, the cable attenua­

tion can only be determined by utilizing the transfer 

detector at the far end of the cable. 

Figure 24 shows the attenuation and SWR characteristics 

of a SO-foot length of RG 214/U cable over the frequency 

range of 2 to 4 GHz, measured directly with the transfer 

detector. The cable is equipped with GR900 cable con­

nectors, and the SWR is very low except at the point of 

resonance. The resonances are caused by periodicity in the 

cable itself. The characteri tic in the vicinity of one of the 

resonance are hown in detail in Figure 25. Long cables, 

such as this, exhibit SWR's that vary quite rapidly with 

frequency, and resonances such as the one illustrated are 

not uncommon. 

L 1-S�JP n 
The SWR 's of connectors, whether they are on cables, 

adaptors or air lines, are usually quite low, and appreciable 

SWR resolution i required to achieve meaningful measure­

ments. Figure 26 shows a serie of SWR curves of adaptor 

pairs and cables, all on the 1.03 full-scale SWR range. The 

frequency band is 2SO to SOO MHz. 

IL Rf( 
For the most accurate low-SWR measurements at fixed 

frequencies, the system residual directivity or residual SWR 

can be tuned out with an impedance matching tuner (such 

as the 900- UA or -TUB Tuner) attached to the U -

K OWN port of the 1641. The tuner is adjusted so a null i 

indicated on the 1641 while measuring a standard termina­

tion or while u ing quarter-wavelength or other air-line 

techniques. 2 

When a source is employed that delivers approximately 

I 00 mW leveled power (into SO ohms), additional SWR 

2 MacKen?.ie, T. E. "Some Techniques and Their Limitations as 
Related to the Measurement of Small Reflections in Precision 
Coaxial Transmission Li nes," IEEE Transactions on instrumentation 
and Measurement, Vol. IM·I S, No. 4, December 1966. (Available 
from GR M Reprint No. Al33) 
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Figure 25. Detailed expans1or of 3.75-GHz 
resonance in Figure 24; full scale 1.35 (SWR) 

and 1 0  dB Hoss) 

Figure 26 SWR c.urves for assorted adaptor pairs and 
cables in the 25 0. to 500- MHz range. f..ill scale 1 03. 
Curve A shows the response w th 900.W50 Term nation 

onnected at JN KN OWl\i port of rf .i•ut, curve B the 
resporse with a pair of 9 00.0874 Adaptors inserted be­
twee'1 terrT'inatron and UNKNOWN port. Curve C 1r1d1-
cates response after s..ibst1tu11on of 9 00-0N Adaptors for 
9 00-08 7 4  A dapto rs, curve D after s1.bst1t1.t1on of 
900 O M M  Adaptors for 9 00-0N u'11ts. Curve E: shows the 
response of 3 feet of RG-214/L. cable eq.i ped with 
G"l874 ocking connectors, specially ch"sen to 1llJstrate 
opt1rr n res.,onse obtainable curves F and G lllJstrate 
nor'Tla r e s p o n s e s  o b t ai nable f o r  874 R20LA and 
8 74 R22LA Patch Cords (3 feet) respective y, each equip-

ped with GR874 locking connectors. 

MARCH/APRIL 1969 

LOSS 

SWR 

resolution can be obtained by calibrating initially at a 
2 .0-SWR level and u t ilizing a LO 1-SWR full-scale range. 
Under these cond i tions, the residual noise level is reduced 
to an equivalent SWR approximating 1.002 .  (Note - the 
1 . 0  l scale is obtained by using t he 1.  I 0 scale and manually 
inserting a zero after the test-data decimal point.)  

If  peed is  required, in addition to the high accuracy 
described herein, pre-set tuners can be employed. In this 

manner, production measurements at  discrete frequencies 
can be made with a minimum of set-up time, and with 
direct readout. 

,...c ' DP CP.S 

U e of the 1 64 I to measure the characteristic of active 
units, such as solid-state semiconductor d evices, is illustrat­
ed in Figure 27, with measurements on a GR 123 7  
VHF/ HF Preamplifier. The gain and inp u t  SWR measure­
ments of Figure 27a were obtained by connecting the 
amplifier input directly to the 1 641 U KNOW port, and 

GAIN AND INPUT SWR 

(a) 

ISOLATION AND OUTPUT SWR 

(b) 
Figure 27. 'vleas..irerrients of an active device 2 

Prearripl 1f :?r in t�e 0.5- to 1 0 GHz range F 1gure 27a 
shows ya1 1 ar J 1 ,J t $WR (full s .. ale 0 dB lo s nd ""' 
SWR) Fig.ire 27b show so t1on tp1.t SWR (full 

s ale 37 dB os ard <'W8) 

INPUT 
SWR 

--OU PUT 
SWR 

-ISOLATION 
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by inserting 1 3- d B  atten uation between the amplifier 
output and t he 1 64 1  transfer detector. The attenuation 
combines with the amplifier gain to introduce a net loss 
that can be measured d irec tly. The a m p lifier gain i 
determined from the measured loss by subtracting the 
a mou nt of a t tenuation used. Thus in thi example, 
subtracting t he 13 -dB attenuation u e d  from the mea ur d 
Joss of 0 . 5  to 2 d B  across the band give a -1 1 - to -1 2.5 -d B 
loss or a 1 1 - t o  1 2 . 5-d B gain . The attenua tion wa added 
behind the amplifier so the input SWR could b e  d irectly 
measured with no reconnections. The amplifier isolation 
and output WR , as shown in Figure 2 7 b ,  were obtained by 
rever ing the amplifier connections end for end and con­
necting the ampl ifier input directly t o  the transfer detector. 

The magnitudes of the s-parameters, ls . . I ,  are obtained iJ 
directly from t he mea urements described above and are 
expressed in d B  as return lo s ( Is . . ! ,  ls . . I )  and insertion l oss I I  JJ 
( ls . . I , ls . .  I ) .  Similar measureme n ts can be made on tran-•J JI . 

t d sistors, d iodes, etc,  by the use of appropnate moun s a n  
bias-insertion units. If  de bia i s  used w i t h  t h e  device t o  b e  
measured and no internal d e  b locks are p rovided a d e  block 
i required between the device and the 1 641 K 0 
port. he G R  1 641 Transfer D tector is internally d e  
b locke d .  

c c  s�o EL 
A lthough the 1 64 J depend on an external source of rf, 

t he source requirements are not stringent. Specifically , t he 
requirements are : 

I .  l 0-m W minimum leveled rf output into 50 ohms 

2_ capa bility of being dri ve n  by external l 0-kH z  square­
wave mod u lation, on-off, in the range of - 1 5 to + 1 5  volt 
and of presen t ing a minimum load impedance of 1 k S1  to 
t he external mo dulation source ( t he 1 64 1 ) 

3. capa bility of being leveled from a n  external sampling 
detector t ha t  delivers a control signal with sensitivity in the 
5 0- t o  5 5 0-m V range for a 3 0-m W source power input 

4. a blanking pul e of ± 3 t o  5 0  volts into 3 0  kU. 

Increasing rf output t o  200 mW make greater re olution 
possible. The mod u lation and leveling circuitry hould n ot 
introduce appreciable differentia l  di tortion of the I 0-kHz 
waveform. Use of the blanking p u l  e pecified in (4) is  
r e q u i r e d  only for triggerin g  alternate (simu l taneous) 
mea urements of WR and in ertion loss. 

Specific requirement for the o illo cope are : 

1 .  both a xes de-cou pled 

2. vertical sensitivity of 0.1 V /cm or greater 

3 .  horizontal sensitivity consistent with the sweep-signal 
output available from the ource (O. l V /cm is u ually more 
than adequate). 

A storage oscilloscope is not necessary for all measure­
ments.  I t  is particularly usefu l ,  however, for measurements 
of low SWR and high in ertion loss where the sweep speed 
must be reduced below flicker speed to accommod a te the 
sy tern re ponse time. The ektronix torage o cillo cope i 
recommended,  and the 1 64 1  calibrated graticule fits this 
particular unit.  

Design and development responsi b i l i ties for the GR 1 64 1  R e­
flectometer were as fol lows· 

T. E. MacKenzie - Project d i rection , general systems desi g n ,  and 
l ow-frequency rl unit .  
J.  F. G i l more - H igh-frequency rl  unit .  
M. K hazam - General-system, detectors and i nd icator design. 

Acknowl edgements 
The osc i l lograms shown in this article 

.
were taken using t

.
he 

A l f red E lectronics 650 -ser ies of sweep osc i l lators for frequenc ies 
above 0.5 GHz and the K ruse-Storke E lectro nics 5000-series of 
sweep osci l lators for freq uencies below 0.5 G Hz. T h� osci l l oscope 
used was t he Tek t ro n i x  I nc. Model 564 Storage Osc i l l oscope w i t h  
two Type 2A63 D ifferentia l -Ampl i fier Plug-I ns. 

Complete specifications and prices for the GR 1 64 1  were 
distr ibuted with the January/February 1 969 issue of the Experi­
menter. 

CONT I N U I N G E D U C AT I O N  

I n  l i ne with its policy o f  support i ng the con t i n u i ng education of 

technica l l y  i nc l i ned readers. General R adio has brought out a nother 

i n  a series of handbooks entit led Handbook of Coaxial Microwave 
Measurements intended for use by 

1 4  

Students involved i n  academ ic laboratory experiments 

Techn icians work i ng the coax i a l  f ields 

• Scientists and engineers not indoctr inated in coa x i a l  

electronics, w h o  m a y  have research work i nvolv i ng 

coa x i a l  tech n iques. 

Copies are ava i lable for readers i nterested in a pu bl icat ion which 

s u pplements the conventional text books. Send your order and 

check for $2.00 to General Radio Co ..  300 Baker Avenue, West 

Concord , Mass. 0 1 78 1 .  
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TH E VIAB LE VH F/U H F  PREA M P LI F I E R  

A low-noise, low-level, wideband 

amplifier operating in t he freq uency 
range 1 SO kHz to I GHz i as essential 
to the laboratory worker as bread to 
the growing child. In  the home it 

coul d  be used t o  boost t he level of 

television signals, if  a correct i mped­

a n c e  match be tween antenna and 

receiver is establi hed. The new GR 
1 23 7  transistor amplifier probably will 

not be used in the home but its place 

in t he laboratory is assured by its 

simplicity and adaptability. 

The GR 1 23 7  amplifier was 

designed for general laboratory use in 

5 0-ohm systems as an amp lifier, 

preamplifier, or isolator. It finds 

application a part of a system to form 

a sensitive, broadband detector system 

such as that  of Figure 1 .  Here, a 

demodulator, such as the GR 8 74-VQ, 

i operating as a video or envelope 

detector, e mploying a narrow-band, 

sensitive I -kHz indicating a mplifier 

such as the GR 1 23 2  or 1 234. The 

circuit suffers from lack of sensitivity 

and electivity (or susceptibility to 

harmonics) a compared with a 

heterodyne system, but introduction 

of the 1 2 37 unit improves the 

sensitivity, as evident  in Figure 2, 

while use of a low-pass filter (G R 

874-F) at the detector input reduces 

susceptibility to harmonics. The 

resultant system replaces the 

heterodyne as a null detector and 

eliminates need for a local oscil lator. 
Another use involves the fam iliar 

GR 1 607 Transfer-Function and Im­

mittance Bridge. The 1 2 3 7 ,  directly 
connected t o  the bridge terminals, 

effectively blocks the Jocal-oscilla tor 

signal from the bridge and provide a 

means for connecting a mixer in to the 

circuitry via the output terminal of 

the 1 23 7 .  Bridge measurement errors, 

caused by local-oscillator feedthrough, 

are eliminated, sensitivity is improved 

and bridge performance enhanced, 

particularly below l 00 M Hz. A nother 

Figure 1 .  Detector system using the Type 1 237. 

INPUT 1111 1 2 57 

"atOUIKY - .. , 

F igure 2. Relative improvement in sensitivity, 
using the Type 1 237. 
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advantage is a s  urance of small signal 

operation of semiconductor devices 

under test, because of  the large reverse 

loss of the 1 2 3 7 .  

Some opera ting characterist ics o f  

t h e  1 2 3 7  amplifier are shown i n  igure 

3 .  Physical appearance i as shown in 

F igure 4,  and specifications are 

detailed below for reader convenience. 

SP EC ! F C T I ONS 

Frequency R ange: 1 50 k Hz t o  1 G H z .  

Gain: >1 0 dB (see typical curve. F igure 3 ) .  

Reverse A ttenuation: >33 d B ,  below 700 
MHz . >43 dB. 
Noise F igure: See typical curve, F igure 3. 

T e rminals:  I nput and outpu t ,  G R 874 
loc k i ng coaxia l  connectors. 

Power R eq u i red: 1 00 to 1 25 or 200 to 250 
V ,  50 to 400 H z .  1 .5 W; or 9 V de. 1 8  mA. 

Catalog 
Number 

1 237-9700 

Description 

1 237 V H F/ U H F  
Preamplifier 

Price 
in USA 

$ 195.00 

Figure 3. Typ ical  noise f igu re. gain and 
reverse attenuation characteristics. 
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Figure 4. Type 1 237 U H F/ V H F  P reampl if ier .  
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CGNT-. lllPUTll �----------. 

REFtllENC£ 
VOLTMIE 

Ill l l V  

_.,..,,D..,.. i •. s o  o,.. 

Type 1822 Digital V o ltmeter Calibrator. 

Th e Sem i automat ic 

D C  DVM C a l ibrator 

by Ra lph P .  Anderson 

Block d iagram of the calibrator. 
I mprovements in performance of digital  voltmeters have encouraged increased use, w i t h  a 
correspo nd i ngly i ncreased calibration work load. Standards being generated w i l l  specify ca l ib ration 
proced ures t o  assure accurate performance of the meters. Wi th these standards i n  m i nd , General Radio 
has designed the 1822 Digi tal Voltmeter C a l ibrator, which u ses sem iautomat ic techniques to s impl ify 
ca l i bration tests and to save cal ibration man -h ours . 

Th � 
Digital voltmet ers have taken the accurate measurement 

o f  d e  voltages from the standards laboratory to the 

engineer' workbench and also t o  the produ ct ion l ine,  

where relatively untrained person nel can make precision 

measureme n ts q u ickly and accurately.  Like any measuring 

i n s t r u m e n t ,  d i g i t a l  v o l t m eters m ust be calibrated 

periodically to assure proper opera t io n  within p ublished 

specifications. I ncreasing use o f  the DVM has strained the 

facilit ies of many calibration laboratories to the breaking 

point,  because of t he complexity,  large number, and lack of 

un iform testing of t he instruments involved.  To standardize 

speci fication format and test methods the USASl ha 

created, and is i n  the proces? of accep ting, a standard on 

a u tomatic voltmeter  and rat iometers. 

Causes of error in digi tal-voltmeter measurements can be 

d ivided in t o  two broad categories. The primary errors are 

those generated within the voltmeter, and they are inde­

pendent of the character of the voltage source. These errors 

arc caused by voltage off�e ts, reference-voltage drifts, 

hysteresis effects, nonlinearit ies, and range scaling error . 

Tradit ional calibration methods, which have been develop­

ed to detect and t o  correct for t hese sources o f  error, 

16 

require the ge nerati o n  of a large number of accura tely 

known voltages. 

Secondary errors are those t hat depend o n  the specific 

manner i n  which t he vol tmeter is connected or used a n d ,  t o  

a large e x t e n t ,  u p o n  t h e  source characte r ist ics i n  rel a t i o n  to 

t he inp u t  characterist i cs of the vol t me ter. The finite i n p u t  

i mpedance a n d  i n p u t  current o f  a D V M  cause loadi ng errors 

during the measurement o f  voltages w i th significant source 

i mpedances. Si milarly, the finite isola t i o n  i m p edance can 

cause errors when comm on-mode voltages are p rese n t .  

The traditional calibration o f  the D V M  leaves these 

secondary sources o f  error undetected.  I t  is in this area that  

the USASL  proposed standard , 39.6,  will  have i t s  greatest 

i mpact.  It  clearly defines these sources of error and 

preferred te ting method so both the maker and user can 

agree not only on what a specification means but also on 

how to verify i t .  

The Conce J 

The ideal digital voltmeter would have an i n fini t e  inp u t  

i m p edance, zero i n p u t  curre n t  a n d ,  of course, s imilar 

characteristic between each o f  i ts  terminals and ground.  I n  

approaching these characteristics, d igital vol t me ter m a n u-

GENERAL RA010 Experimenter 

www.americanradiohistory.com

www.americanradiohistory.com


fac t urers have come very clo e to the ideal .  The degree to 

which t hey have s ucceeded,  h owever, m a y  be easily 

defea ted when t he digital  voltmeter  is p l aced in a ho t i le 

environ ment. I nsidious se t t l e m e n t  o f  d ust and gri me onto 

even t he be t of insulators will  cv · n t ual ly change them 
from high t o  low resista n ce and p ssibly i n t o  a c u rrent  

ge nerator. Similarly,  a s m a l l  disturbance i n  t h e  balance of  

t h e  i n p u t  c ircu its  o f  the d ig i t a l  vol t m e ter can cause an 

offset curre n t  that  is large w i t h  respect to t h a t  wh ich the 

user might expect from read ing the d a ta shee t .  Si nce the 

measu rem e n t  acc u racy of a DVM may well  include the 

e ffects of t hese secondary sources of e rror, it  is  i m p e rative 

LhaL tesLs f r them be included in every cali bration cycle 

and lha l the users be k e p t  i n form ed of the res u l ts. 

-11r I nent 
The Ge ne ral R a d i o  y pe I 8 2 2  D igital  Volt m e ter Cal i­

brator has been designed t o  test for m ost of the sou rces of 

error a ·  defined by t h e  p ro posed S A SI S tandard . Basically 

the Type 1 8 2 2  is a remot e l y  progrn m ma bDe voltag su p ply , 

w i t h  an i n ternal progra m .  l l. p ri mary p u rp o  e is to m a ke 

conve n i e n t  a n d  practical  the tests i n d icated in t h e  standard . 

l t  wi l l  a ut o m a t i c a l l y  p rese n t  a series o f  l o w  sou rce 

i m peda nce, precision de voltages ( from 1 00 µV to 1 1  l . l I 

V) to t he o u t p u t  terminals  to check for the p ri mary so urces 

o f  error. I ncluded a l so are means for c h ecking the i n p u t  

characteristics, t he common-mode rejection,  t h e  n ormal­

mode rej ec t ion,  and m a n u al selec tion of voltag e  up to 

l I I I .  I volts.  

All  p recision voltages ge nerated b y  t he 1 8 2 2  are u l t i­

mately referred t o  a single special ly elected a n d  aged 

refe rence diode,  which is house d  i n  a proport ionally 

con trolled oven with fast war m u p  c h aracteristics.  The 

reference voltage, I 1 1 . 1  l volts ,  i s  scaled u p  from the diode 

voltage by a resistive divider .  The resi stor in each o f  t h e  

dividers a re precision wi re-wound r e  istors, w o u n d  from the 

ame spool, hea t t reated L o  relieve m a n u fac t u ri ng stresses, 

and p l ace d ,  uncoa t e d ,  in a com m o n  oil bath to achieve, as 

nearly as possi ble,  i d c n  ti cal cha nges in tern peratures. These 

prccau t ions res u l t  in a ± I  .5 p p m  t e m pe ra t u re coefficien t  

for t he division ra t io a n d  provide exce l l e n t  Long-term 

stabi l i ty.  

A pho tochopper- t a b i l ized a m p lifier provides the voltage 

a m p l i ficat ion needed for the kilovo l t  o u t p u t  range and o n  

t h e  l o w e r  ranges serves a s  a h i gh - in p u t-,  low-o u t p u t­

i m pedanc e  buffe r  isol a t i n g  t h e  divider  from the e ffects o f  

vary i ng load . 

The V O L T A GE - R A  GE s w i t c h  sets m ax i m u m  val ues i n  

clei:adc ra nges from l m i l l ivol t t o  1 000 v o l t s :  in each range 

the va l ue set by a �ccond c o n t ro l , the digit switch,  

m u l t i pl ies t h e  ra nge by 0.  1 1 1 1 1 , 0 .  222 2 2 ,  0 . 3 333 3 , . . . . .  
I .  I l 1 I 0.  The Z E R OS c o n t ro l  perm it s t h e  last I ,  2 ,  o r  4 

d igi t s  Lo be rc placccl by zero to m a tch the reso l u t i o n  of the 

D V M  readou t .  A n  a u t o m a t ic s t e p ping mode cycles the d igit  

!>e l t ing u pw ;ircl L o  ma x i m u m and t he n  back down to 

one- t e n th o fu l l  scale for a q u ick check o f  all  t h e  indicators 

a nd o f  l i ne< Hi t y .  A fter o ne cycle it  ean be set t o  step d o w n  

o n e  range a n d  cycle t hrough t h e  s a m e  �cq uence.  D i rect ion 

of cou n t ,  r:inge incre me n t i ng, a n d  ste p ping can a ll be 

re m o t �ly con t rol led.  Because the voltages generated i n  

MA R C H / A P R I L  1 969 

R .  P. Anderson present l y is Act i ng Group 

Leader of the E ng i n  ering Department's I n· 

dustrial  Group. He recei ved h is MS degree in 

Appl ied P h y sics from Harvard i n  1 962 af1er 

e a r n i n g  h is BS in E ng i neer i ng a t  Brown 

U n i v e r s i t y i n  1 958. Dur i ng the i n teri m 

period 1 958 to 1 9 62 . he served w i th the U S  

avy a n d  worked for Ford Aeroneu tron ics. 

j o i n i ng GR in 1 963. He is a member of 

I E E E  and Sigma X i .  

these sequen ces have e asily recognized n u m bers and are 

cycled a u  to ma t ical ly,  the o pera tor's a t t e n ti o n  can be 

focused o n  the DVM u n d e r  tes t .  

T h e  o u t p u t  swi tching c a n  reve rse t he o u t p u t  polari t y ,  

hort t h e  t ermi nals, a n d  m o d i fy t h e  basic d voltage b y  t h e  

add i ti o n  of c o m m on-mode r n ormal-mode i nt erfe re nce 

voltages or by a change in the o u t p u t  i m pedance.  Thi s  

switching also p rovi de s  a safety i nterlock t h a t  p revents  

dangerous o u t p u t  p o t e n t i a l s  i n  t h e  I 000-volt range from 

being selected or progra m m ed accid e n ta l l y .  

T h e  1 8 2 2  c a n  b e  c o m p l e Le l y  cal i b rated against  a p ri mary 

vol tage standard b y  conventional  m e t h ods,  and its i n h erent 

sta bili t y  wil l  perm i t  a six-mo n t h  recal ib ra t io n cycle.  For a 

simple ch eck for cha nges i n  t he internal  refere nce, dividers ,  

o r  o u t p u t  a m pl i fi r ,  a "sim u lated s t a n d a rd-cel l o u tp u t "  is 

availabl e  t ha t  can be com pared by a s i m p le n ul l  measure­

m e n t  against a sat u rated stan dard cel l .  

For voltages that arc not generated i n  t he seq uen ces o f  

sim i lar d igits a n d  zeros, t h e  u s e r  m a y  easily substitu te a n  

ex ternal vol t age d ivider i n  place o f  t h e  i nt e rnal , au to­

m at ical l y  swi t c he d  d ivid ers of the 1 8 2 2 .  E i t her a s i m p le 

resistive divider or a K elvin- Varley Divider  m a y  be used l o  

generate a n y  vol t age fro m m icrovo l t s  t o  1 1  J l .  l vol ts , w i t h  

t he divider i tsel f varying o n l y  between I m i l l i vo l t  l o  I I 1 . 1 1 

volts. 

Its Appl ications 
Whi l e  the 1 8 2 2  i s  ideal ly suited,  because of i ts m o b i l i ty ,  

t o  calibrating D V M 's on l ocation i n  t he labora[Qry , p r  -

d u c t ion l i ne or i n spection depart m e n t ,  i t  is n o t  l i m ited t o  

this u s e .  A n y  p recision in.  t r u m e n t  t h a t  req u ires, transmits,  

o r  transduces a n a l og volt ages can be calib rated a n d  i ts 

. u ce p t i b i l i t y  to i nt erference d e te r m i n e d  readi l y  by the 

1 8 2 2 .  A n a l og-to-digital converters, teleme try systems, a n d  

analog vol t m e ters a r e  t y pical  exam ples.  

A s  a component in the c o m p l e te testing syst em, the 
J 8 2 2  can b e  progra m m e d  b y  the system to establ i sh p re c ise 

voltage levels for periodic cal ibra t i o n  of o t h e r  sections of 

the syste m .  

T h e  1 8 2 2  i s  a conve ni e n t ,  sta ble t ra nsfer stand ard t h at 

moves easily from the s t a n d ards labora t ory to wherever t h e  

D Y M 's a r e  used . Because of i t s  fl ex i b i l i t y ,  t ime sav i ngs, a nd 

ease of use,  it can be used econom ically more freq u e n t l y  

t ha n  conve n t ional  c a l i brat ion i n  tru m e n t s, t h u  a .  s u ri n g  

m ore re l iable resu l ts from a l l  voltmeter . W i t h  t h e  1 8 2 2 ,  

test ing for seco n dary error sou rces is m ore practi  a l  than 

ever before. 
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N O ISE,  

N O I SE, 

AN D M O RE 

N O I SE �  

• 20 H z  t o  2 0  M H z, ± 1  d B  
• 30-µV t o  1 -V output, open c ircuit 

18 

F igure 1 .  Block d iagram 

of the GR 1 383. 

h e  G R  1 3 8 3  R a n d o m- o i s e  
G e n e r a t o r  i s  a white-noise ignal 
source of contant spectrum level, 
operating in the frequency range 2 0  
Hz to 2 0  MHz. Output level is at  one 
volt i n to an open circuit, derived from 
a 5 0-ohrn ource impedance. Level is 
adjustable over a range of 80 dB. This 
instrument complemen ts random-noi e 
generators GR 1 3 8 1  (au.dio frequency ) 
and GR 1 38 2  ( su b-audio frequency), 
described in the GR Experimenter 
issued January, 1 96 8 .  

What s I t  Good F o r 7  
Ex perirnen t e r s  will u s e  i t  as a 

source of con trolled background noise 
while studying signal-detection and 
-reception sy terns. easuring noi e 
temperature or noise figure of the 
input stages of an amplifier, within the 
specified frequency range, is greatly 
simp lified. 1 A imple reminder - the 

1 3 83 become a 5 0-ohm source of 
noise, whose equivalent temperature is 
the ambient temperature when the 
power is  not turned on. 

U e it for checking intermodulation 
distortion 2 - apply a noise pectrum 
t o  the amplifier input, remove a band 
of noise freque ncies from the input b y  
means o f  band-stop filter;  check t h e  
output of the amplifier, using a band­
pass filter of the same frequency range 
a the band-stop filter to de termine 
how much in termodula tion product 
ha appeared in the vacant band. This 
is a useful check for general quality of 
performance. 

1 Mumford W. W., and Scheibe, E. H., Noise 
Pe rformance Factors in Communication 
Systems, Horizon House-M icrowave, Inc.,  
1 968.  

2 1cenbice, P. J .  J r . ,  a n d  Fellhaur, H. E.,  
" Linearity Testing Techniques for Sidehand 
Equipme n t , "  Proceedings of the IRE, Vol. 
4 4 ,  p p  1 7 7 5 - 1 7 8 2 ,  D e cember 1 956. 
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Check in terference i n  m u l t ichannel  

com m u n i c a t ion ystems.  The broad 

bandwidth of the 1 3 83 e ncou rages i ts 

use a t  i n termediate a n d  radio frequen­

cies.  I n te rference p roduced in chan nels 

adj ace n t  to the t st channel  may be 

u eful for i nvestigating i n  terforence­

m i tiga t ion m e thods. 

!Jow abou t c heck ing e ffective-noi ·c 
ban d w i d t h  of f i l ter  ? A pply a noise of 

known band w i d t h  to t he filter i n p u t ,  

and compare n oise a m pl i t u de a t  i n p u t  

a n d  o u t p u t .  T h e  reduction i n  level i s  

proportional l o  t h e  . q uare root of the 

ratio of t he e ffe c t i ve noise band­

wid t hs.  ote the ba ndwidth of the 

noise ou t p u t  of t he 1 3 83 is 2 0  M H z 

± S%. 

The noise from the 1 3 8 3  can be 

used to modulate  a signal generator to 

prod uce sidebands f noi.  e a l  al  m o  t 

any freq ucncy . The modulation band­

wid t h  will ,  in most case , be l i m i t e d  by 

t he mod u lat ion a m p l ifier in t he signal 

generator rather than by t he 20- M ! l z  

bandw i d t h  of t h e  1 3  3 .  I f  broader 

bands of noise arc required, and the 

carrier frequency is u n desirable, m i x  

t he noise w i t h  a sin e  wave from a 

signa l  generator in any one of several 

bala nced mi xer u n its which are com­

m e rc i a l l y  ava i lable.  

a rrow bands of noi e are easily 

p rodut:ed by building tuned circui ts 

i n  to G R  8 74-X I nsert ion n i t s  for 

i nsert ion i n  to S O-ohm l i nes:  more com­

pl icated filters designed for o peration 

in SO-ohm lines may be inserted in 

series wi t h  t he o u t p u t .  

The noise source is  a tcm perature­

l i m i ted t he r mi onic d iode, com monly 

accep ted a a ra ndo m-noi e t a n dard. 

M A RCH/AP R I L  1969 

A feedback system, shown in the 

block d iagra m of Figure 1 ,  con trol 

t he filament curren t  whi le  m a i n tain ing 

a con tant  p l a te c u rre n t .  The gen­

erated noi e voltage level i tabil ized 

in t hi · manner,  incc it  i dependent  

upon the quare root of t he de p l a te 

current.  oise current from t he diode 

is a m p l i fied i n  the frequency range 4 0  

to 80 M H z  and he terod y n e d  aga i nst a 

60-M H z  i l l ator . ignal ,  produc i ng 

noi c in t he de to 20-M Hz b a n d .  The 

"video" a m p lifier produ ces an o u t p u t  

noi  e level o f  o n e  volt rms, open 

circ u i t .  he h a r p  cu toff fi l ter fol low­

i ng the m i x  e r  provides very accurate 

defi n i t ion of the effective ba n d w i d t h  

E" ,.. T 01\1 

J .  J .  Faran . J r .  i s  a gradu ate o f  Was h i ng ton 
a n d  J e f f e r s o n  C o l l eg e  ( A B - 1 943) and 

H a r v a r d  U n i v e r s i t y  ( M A - 1 9 4 7  a n d 
P h D  1 9 5 1  ) _  A s a R e s e a r c h  F e l l ow at 

Harvard, Dr.  Faran worked on correla t ion 

techniques as appl ied to acoustic receiv i ng 

s y s t e m s .  I n  1 952 he joined G R 's Aud io 

G roup and has since developed a variety of 

instruments. i ncluding recorders . vo l t meters. 

and ana l yzers. 

o f  the gen e rated noise a n d  hel ps 

reduce oscil lator leakage i n to t he out­

p u t .  

W e  have redesigned t he h igh-fre­

quency section of the old 1 3 90-B 

Random- oise Generator,  e x t e n d i ng 

t he u r per l i m i t  of t he bandwidth from 

S M H z  t o  20 M Hz ;  t ightened toler­

ances on spectral  O a t n css; made the 

a m p l i t u d e  distribu t ion . y m m  t rical ; 

b u i l t  in a t:onstant  a n d  more pra c tica l  

o u t p u t  i m pedance ; a n d  restyled t he 

cabinet.  We believe you' l l  find t he 

1 3 8 3  q uite  useful .  

- J .  J .  F a  ra n .  J r. 

Spectru m :  F lat (cons1ant energy per hertz o f  bandwid t h )  ±1 d B  
from 2 0  H z  t o  1 0  M H z .  ± 1 .5 d B  from 1 0  M H z  t o  2 0  M H z .  

Waveform : Table shows amp I 1 tude-densi ty·d istribution spec1hcat ions 
of generator compared with the G aussian probab i l i t y -density func­
tion .  as measu red i n  a "wi ndow" of 0 .2a .  c n ered on the indicated 
values 

Gaussian Prob. Ampl itude Density D ist of 
Vol tage Dens. F u nction 1 383 

0 0.0796 0 .0796 ±o . 005 

±o 0.0484 0.0484 ±o .005 
±2a 0.0 1 08 0.0 1 08 ±o .003 

±3a 0.000898 0.000898 ±o .0003 

(o is the standard deviat i o n  or rms value of the noise vo l tage . )  

Output Voltage: F u l l  ou tput 1 0 V rms m in ,  open c i r c u i t .  

Output Meter: I nd icates open·c 1 rc u 1 t  ou tput vol tage ahead o f  5 0  n .  

Output I m pedance: 50 n .  Can be shor ed wi thout causing 
d istort i on. 

Ampl itude Control: Cont i nuous control and 8-step , 1 0  dB-per·step 

attenuator. 

Output Termi nals: G R 874 coa x i a l  con nector that can be mounted 
on either front or rear panel 

Accessories Suppl ied : Spare fuses. lamp, power cord . 

Power R equire d :  1 00 to 1 25 or 200 to 250 V ,  50 to 400 H L ,  40 W. 
Catalog 

umber 

1383-9700 
1 383-9701 

D scription 

1 383 Random·Noise Generator 
Bench Model 
Rack Model 

Pr ice 
i n  USA 

$775 .00 
795 .00 
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F 1gure 1 .  G R  1 442 
Coax ial Resistance Standard. 

STA B L E  SER I ES O F  C OAX IAL  R E S I STANCE  STANDARDS 
The G R  1 44 2  Coaxial  Resist ance 

t a n d a rd s  ( Figure I )  arc t he most 

recen t  a d d i t ion t o  t he l i ne o f  General 

R a d i o  i m p e d a n ce . t an d a r d s  w i t h  

coa x ial connec tors. A s  i n  t h e  capac­

i t o r s  d e s c ri b e d  p reviousl y ,1 •2 t he 

G R  900® conne · tors make i t  pos i b l e  

t o  h a v e  t w o - t e r m inal  i m pe d ance 

'>lan dards f o r  t he radio-frequency 

ra nge . wh ich c a n  be cal ibrated to a 

h igh degree o f  accuracy.  

The GR 1 44 2  resistor consists of 

t \\O G R 900 connectors with a short  

le ngt h of outer con d u c t o r  for m i n g  t h e  

housing f o r  l he r sistor.  T h e  resi t a n ce 

cle m e n t ,  consist i ng of a c l us t e r  of 

m e t al-fi l m  resis tors,  is connected be­

t v. een t ht: t w o  i nner con t a c t s .  T h e  

length o f  t h e  asscm bly has b e e n  ma de 

as short as poss i b le in order l o  keep 

bot h t he i nd u c t a n ce and ca p a c i t ance 

l o w .  

' I h e  t w o  G R  900 connect ors p e r m i  l 
use ot t h e  1 44 2  n:sistor i n  t wo d i f­
fe re n t \ a y s .  O n e  u e i us an i n d i v i d u a l  

n.:sislance s t a n d a r d .  o b t a i n ed by s h o r t ­

ing one e n d  w i t h  1.1 G R  900-W h o  rt 

Circui t rerm i n a t 10n a n d  usi ng t he 

o t h e r  e n d  for t he t e r m i n a l s .  J he o t h e r  

u s e  is as a n.:sislor i n  se ries w i t h  other  
i m ped a nce s t a n d a rds having G R9 00 

conne c t ors. T h is p rovides a w i d e  range 

of combi n<i l ions for cal ibra t i ons and 

ot her measure m e n t  p u rposes. 

The c h a ra c t e ris t ics t h a t  m a k e  t h e  

G R900 connec t o r  s o  u · c f u l  a l  mic ro­

wave fre q ue ncies  also make it a d e s i r-

1 orr, R. W., "Capacitance Standards With 
P r e c i s i o n  C o n n ectors," Ge'heral Radio 
Experimen ter, September 1 96 7 .  

2orr, R. W., and Zorzy, J ., "More Coaxial 
C a p a c i tance Standards," General Radio 
Experimen ter, May 1 968. 

20 

a bl e  means of con nection fo r t w o­

t e r m i n a l  devi ces a l  lower fre q ue n cies. 

The l ow resistance and t h e  accu r a t e ly 

defined refere n ce p la n e ,  p l us t h e  pre­

c i s e I y r e p  e a  t a b le i n d u c t a n ce a n d  

capacitance w he n  con nected to d i f­

fere n t  i ns t r u me n ts,  m ake i t  poss i b l  • t o  

const r u c t  a n d  t o  c a l i b rate i m p e d a n ce 

. t an d a rd for a w i d e  range o f  fre­

q ue nc i es a n d  u es. Precision c oa x ial  

con nectors are esse n ti a l  for t h e  highest  

accuracy w h e n  radio-freq uen c y  re ist­

a nce c a l i b r a t ions a rc made by t h e  

N a t ion<i l  B u re a u  of S t a n d a rds. 3 

3calibra tio11 and Tesr Services of t11e NRS, 
Special Publica tion 250 - 1 96 8  Edi t ion .  p 
7 . 1 2  and 7. 30. 

OHh 
:·09J--1 
094 

W h en shorted a t  o n e  e n d ,  t he 1 44 2  
c a n  b e  used t o  c a l i b r a t e  h igh-fre­

q ue n c  resistance b r i d ges. uch as t h e  

G R  1 606-B,  a n d  si m i l a r  in t ru mc n l s .  I t  
can b e  used a lso l o  c a l i b r a t e  a w i d e  

range o f  instru m e n t s  fo r d issi p a t ion 

fad or,  c o n d u c t a n ce.  or Q when con­

nected in ser ies with a coax ia l  c apac­

i t ance t a ndard.  This c<tn be p a r t i cu­

larly useful in  ma terials  laborat ories 

a n d  in si m i lar  act iv i t ies that  do not 

have i mmediate access t o  the services 

of a h igh-freq uency c l e  ·t rical  s t a n d ­

a r d s  l abora tory.  A f e w  1 44 2  resi s t o rs 

a n d  G R  1 40 5  or 1 406 · a p a c i t ors w i ll 

p rovide a nu mber o f  d issi p a t io n - fa c t o r  

com bina t ions i n  t h e  range o f  sa m p le s  

1 0  IOO 
fREOlJEHC'I' M H z  

F ig u re 2. Typica l ratios of effective series resistance 

to de resistance, with a 

G R  900-WN Short C 1 rcu 1 t  at one end. 
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normally measured. These can be u ed 

for rou tine calibrations or as a check 
when the result of a measurement  on 

a sample appear q uestionable. 

The change in effective series resist­
ance with frequency for 1 442 resistors 

is shown in Figure 2. The change in 
reactance with freq uency is hown in 

Figure 3. S u bstantially, all the change 

in effective resistance for the range 

shown by the curves is due to the 

i nductance and the capacitance of the 

resistor. This is ex plained by reviewing 

the equation for effective series resis­

tance Re of the resistor whose equiv­

alent circuit  is shown in Figure 4. For 
analysis, one end of the resistor is 

shorted. 

R 
R = e I - w2 ( 2 L C  - R2 C2 - w2 L 2 C2 ) 

T h e  d e nominator has been re­

arranged somewhat from the usual 

form to make it easier to see the 

effects of the i ndividual parameters .. 

The value of L in t his equ ation is 9 
n H ;  the capacitance 3 . 4  pF,  the sum of 
2 . 5  pF across one end of the resistor 

assembly and 0 . 9  pF acros the resistor 

proper. These ind uctance and capaci­

tance values are subst an tially t he same 

+ I  0 

+O 8 

+0 6 

A 

+O 2 

R .  W. Orr recei ved h i s  BS in EE from Texas 

A & M  i n  1 928. He held technical posi tions 

with General E lectric Compa n y ,  RCA, E rie 

R esistor Corpora t io n .  AMP I nc . ,  and Aero­

vo x Corporation pr ior to jo i n i ng G eneral 

Radio in 1 964. Presently he is a member of 

t h e  E n g i neering Departmen t ' s  I mpedance 

G roup. Mr.  Orr is a member of I E E E  and 

ASTM. He is Cha i rman of ASTM Commit tee 

D-9 o n  E l e c t r i c a l  I n s u l ati ng Mater ials ,  

member of Com m i t tee D-27 on E lectrical 

I nsulat i ng L i q u ids and Gases, and Associate 

o f  the NAS/N RC Con ference on E lectrical 

I nsulation and D ielectric Phenomena. 

SPEC I F I C AT I O N S  for all resistance values. At  the lower 

values of resistance, R 2 C2 is less than 

2L C making t he denominator le s 

than one, and the effective resistance 
rises as the freq uency increases. I n  the 

higher resistance values, R2 C2 
is great­

er than 2 L C, making t he denominator 
greater than one, and the effective 
resistance decreases with freq uency. 
The term w2 L 2 C2 is relat ively small 

for these resistors at  the frequencies 

shown in Figure 3. A more complete 

analysis of resistor performance at 

radio freq ue ncies is given in an article 

I nitial DC Accuracy: ±(0. 1 % + 0.3 mf l ) .  

Stability: ±0.05% per year. 

by D. B. Sinclair.4 
- R .  W .  Orr 

4Sinc lair, D. B., "Type 6 6 3  Resistor - A 
Standard for Use at High Frequencies," 
General Radio Experimenter, J an u ary 1 9 3 9 .  
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D issipat ion: 1 W max. 

Capacitance ( I n ner to outer conducto r ) :  5 
pF , typical .  

I nductance: 9 nH. typica l .  

Temperature Coefficient o f  R esistance: ±50 

ppm/
°

C . e x cept ± 1 00 ppm/C for 1 442-F . 

Catalog Price 
N u mb r Descr iption R esistance i n  USA 

1 442-9705 1 442-F 5.!1 $65.00 
1 442-9706 1 442-G 1 0.n 65.00 
1 442-9707 1 442-H 2on 65.00 
1 442-9708 1 442-J son 65.00 
1 442-9709 1 442-K 1 00.!1 65.00 
1 442-97 1 0  1 442-L 20on 65.00 
1 442-97 1 1  1 442-M soon 65.00 
1 442-97 1 2  1 442-N 1 ooon 65.00 

� ...... I I I 

Jbi�L(lJi '<)Q 

---...... ......... �� ... IOOQ 
"""'""" "'"' 
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0 R 9 ftH 
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F igure 3. Typical ratios of effective series reactance 
to de resistance, with a 

G R  900-WN Short C ircuit at one end. 

M A RC H/AP R I L  1 969' 
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F igure 4. E q u ivalent circu i t  fo r 
G R  1 442 resistance standards up to 100 M H z. 
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Type 1 864 Megohmmeter - Laboratory Model 

Type 1 863 Megohmmeter - I nspection M odel 

A familiar standby for G R  cu tom-
er the popular I 86 2-C Megohm-
mcter has been replaced by two new 
unit. , Ty pes 1 86 3  and 1 64,  which 
req u i re fewer adj ustmen t  and are 
easi er to use. 

T h e  1 863 is reco m me nded for 
pro d uc t ion and i nspection te ting o f  
i n  ulation a t  five t e s t  voltages i n  t h e  
range 50 t o  500 vol ts. Re istance 
ranges from 50 kQ to 20 TU will 
cover most in ulation specifications. 

he 1 864 will  an wer the need for a 
laboratory-type in trument ;  but  al o,  
i ts  use is recommended for production 
test ing a t  vol tages not available in the 
Type 1 63. Thi new instrument meets 

uch req u irc ments as l 000-volt check­
i n g ,  leakage t e  ting of semi-conductors 
and capacitors to a low as 1 0  volts 
and te t ing for reverse leakage of rec-

Voltage and Resistance Ranges: 

t ifiers. The highe t range of t he in t ru­
ment - 2 00 T.Q - is mo t u eful for 
research and development work involv­
ing insulat ing materials. 

Leakage te ting of paper, plastic, 
ceramic, and mica capacitors trad ition­
a l l y  h a s  b e e n  a c c  o m  p lished by 
mea urement of insulation or leakage 
resistance f t he capacitor. Testi ng of 
electrolytic capacitors of t h e  alum­
inum- or tantalum-plate type usually is 
specified as a measurement of the 
leakage current, a m e t hod al o em­
ployed i n  t he i nspection o f  emi­
conductor device . E i t he r  m egoh m­
meter, plus O h m 's La w ,  will accom­
pli h the specified te t .  

tability o f  calibration i s  main­
tained b y  use of a four-transistor unity­
gai n  amplifier w i t h  F T input circuit­
ry. In addition, no warmup drift is 

SP EC I F ICAT I ONS 

encountered, and high zero stability is 
maintai ned d u ri ng opera t i o n .  H u m an 
e ngineering ha not been overlooke d ,  

a evidenced b y  the war n i ng l igh t that 
i activated by application o f  t h e  test  

vol tage. Also on tinued are u e o f  t h e  
M A U R  - H A R G E-DIS H RGE 
switch and provision for performing 
grounded and ungro u nded measu re­
ments. Sy tern engineering application 
of t he instrument is e ncouraged by 
providing rear terminal acce s to an 
output voltage t hat is  inver ely pro­
portional to Rx . Thi proportion al 
voltage may be used to t rigger a l i m i t  
i nd i ca tion o r  an actuating mechanism 
in an automatic . yste m .  I t s  val ue varies 

from 0 t o  4 volts when test vol tages of 
I 00 t o  I 000 are used ; the value is 
proportionally less at  lower test volt­
age . 

Resis1ance Accuracy: ±2 ( meter reading + 1 )% on lowest 5 ranges 
( m i n  reading is 0.51. For higher ranges add 

I Rmin 
Ful l  Scale 

R max Useful sixth 

2% 
2% 

seventh 
4% 
3% 

eighth 
Voltage 

50. 1 00 v I 50 ld1. 
200, 250, 500 v 500 k .O.  

1 0 to 50 V 
50 to 1 00 V 

1 00 to 500 V 
500 to 1 000 V 

50 k n  
200 k n  
500 k n  

5 M n 

* R ecommended l imit .  

22 

1 0% of Scale 2\<S% of Scale R anges 

Type 1863 

500 Gn. 
5 Tn 

Type 1 864 

500 G n  
5 T .O.  
5 Tn 

50 Tn. 

2 T.O. 
20 T.O. 

2 Tn. • 
20 T.O. 
20 T.O. • 

200 T.O. 

7 
7 

r 

8 
7 '  
B 

1 863 
1 864 

Voltage Accuracy (across unk nown ) ·  ±2%. 

Short-Circuit Current: 5 mA approx. 

5% 

Power Required : 1 00 to 1 25 or 200 to 250 V .  50 to 400 Hz, 1 3  W. 
Catalog Pr ice 
Number Descr ipt ion in USA 

1 863 Megoh mmeter 

1 863-9700 Portable Model $385.00 

1 863-9701 Rack M odel 385.00 

1 864 Meg oh mmeter 

1 864-9700 Portable Model 485.00 

1 864-9701 Rack M odel 485.00 
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The Type I 49 l Decade J nd uctor 
i ncorporates everal G R940 Decade 
I nductor nits  w i thin,  a n d  in ulated 
from ,  a s ingle m e t al housing. The 
a ssem b l y  offe r moderately p rcci e 
sta n d a rds of i n d uctance,  w i t h  values o f  
Q much higher t han air-core c o i l  a t  
a u d i o  a n d  low radio-frequency ope ra­
t i o n .  om plcte speci fications a r e  avail­
able from G R  atalog 

Catalog N umber I nd uctance 
Bench I R ack Description Tota l 

Decade I nductor 

1 49 1 -9701 1 49 1 -97 1 1 1 49 1 -A 0 . 1 1 1  H 
1 49 1 -9706 1 49 1 -9 7 1 6  1 49 1 - F  1 . 1 1 1 H 

1 49 1 -9703 1 49 1 -97 1 3  1 49 1 -C 1 . 1 1  H 

1 49 1 -9707 1 49 1 -9 7 1 7  1 49 1 -G 1 1 . 1 1 1  H 

1 49 1 -9704 1 49 1 -97 1 4  1 49 1 -D 1 1 . 1 1 

1 49 1 -9 702 1 49 1 -9 7 1 2  1 49 1 -B 1 1 . 1  

. e n e r a l  R a d i o  a nn o u nce t h e  first b roadly applied 
q uanl ity di.cou n t  policy i n  t h e  e le c t ro nics i n d  u t ry ;  i t  ap­
p lies for al l  c u  t omers and t o  all products.  

Since it  costs us le per u ni t  w h e n  several, even t w o  
i t e m s  are ordered a t  a t i m e  R will  har  this savings w i t h  
i t  custom ers. A nt icipate y o u r  needs, consolid ate p u rc h ase , 
and save your m o n e y .  The full disc o u n t  chedule hown 
below became e ffect i ve M a rc h  2,  1 96 9 .  

H 
H 

Steps 

0.0001 H 
0.0001 H 
0.001 H 

0.0001 H 
0.001 H 
0.01 H 

I 940's 
I ncl uded 

l 

D D ,  E ,  F 
D D , E , F , G 
E , F , G 

D D , E , F , G , H  
E , F , G , H 
F , G , H 

Plan o se GR's NE\N Guanti ty u Q tscaunt 

QUA N T I TY 2-4 5-9 1 0 1 9  20-49 50-99 1 00 

D I SCO U N T  L ist 3% 7% 1 0% 1 3% 1 7% 20% 

MA R C H/A P R I L  1 969 

Price in USA 
Bench Rack 

$ 6 1 5.00 $630.00 

795.00 8 1 5.00 

595.00 6 1 0.00 

995.00t 1 0 1 5.00 

795.00 8 1 5.00 

6 1 5.00 630.00 
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ATLANTA 404 633-6 1 83 

" BOSTON 6 1 7  646-0550 

B R I DGEPORT 203 377-0 1 65 

"CH I CAGO 3 1 2  992-0800 

"CLEVELAN D  2 1 6  886-0 1 50  
COCOA BEACH soc 241-51 22 

0 DALLAS 2 1 4  637-2240 

DAYTON 5 1 3  434-6979 

GEN ERAL RADIO 
WEST C O N C O R D, M ASSAC H U S E TTS 0 1 7 8 1  

6 1 7  369-4400 

SA LES AND S E R V I C E  

DEN V E R  

DET R O I T  

G R EENSBORO 

HOUSTON 

303 447-9225 

31  3 26 1 - 1  750 

9 1 9  288-43 1 6  

7 1 3  622-7007 

H U NTSVI LLE B00 24 1 -51 22 

I N DI ANAPOLIS 317 636-3907 

' L OS  ANGE LES 2 1 3  469-6201 

" N E W  YO R K  (NY) 21 2 964-2722 

(NJ) 201 943-31 40 

I NTE R N AT I O NAL D I VI SI O N  

ROCHESTE R 31 5 394-2037 

P H I LADE LPH I A  2 1 5  646-8030 

SAN DI EGO 714 232-2727 

0SAN F R ANCISCO 415 94B-8233 

SEATTLE 206 G L4-7545 

SYRACUSE 3 1 5  454-9323 

"WASH I NGTON, 
BAL Tl M O R E  301 946-1 600 

WEST C O N C O R D, MASSACH US E TTS 0 1 7 8 1 ,  USA 

AUST RALIA 
Warbur-to" Fren I lndu•trou 

P1y. Ltd. 
Sydney, Melbourn•, 
Brbb•n•, Adelal<'• 

CA.NADA -
• Gen•r•I Rad10 Canada Llmh9d 

Toronto, 
Monlful, Ottawa 

DEMOCRATIC R E PUBL IC 
OF THE CONGO 
Auctolph-DHco Co,, Inc. 
New York 

I NOIA 
Motwan• Private L•mi,•d 
Sorn�v. Calcut t•� LuclcnOW", 

HlPUr, N evv Deihl, 
Banplo..-e, Madru 

JAPAN 
M1dortve El�tric Co., Ltd. 
Tolii.vo 
KOREA 
M-C lntema1iorwil 
S.n Fnncbco. 
S•OYI, Korea 

MALAVStA itnd SINGAPORE 
Vanguard ComNny 
Kuala Lomour, '4•1•vs.•• 

MEXICO 
Fredil'I S.A. 
Me1'1CO, O.f. 

NEW ZEALAND 
W, & K. Mc:L••n Ltmlt•d 
Auc:klend 

PAKISTAN 
P•kl•"d Corpor•tlon 
K•r•c:hl 

PHILIPPINES 
T. J. Wo.IU & Comoenv 
M•kat1, Ru•! 

PORTUGAL -.nd SPAIN 
Ad. Aur i•m•, Inc:. 

•w York, 
M•ddd, Lisbon 

R E PUBLIC OF SOUTH 
AFRICA 
G, H. \..angler & Co., Lid. 
Joha.nn•s.buro 

SOUTH and CENTRAL 
AMERICA 
Ad. Auri•m•. 1.-.c:. 
N•w YOt'k 

TAIWAN 
He111hl•n Scl•nt1hc Co .• Ltd. 
Taipei 

THAILAND 
G. Simon R•d10 Comp•nv 

Ltd. 
Bangkok 

TURKEY 
Mevag Eng1nMrlnv. Tr•dlng 

•nd lndunr .. 1 Coroorauon 
lnanbul 

• G E N E RA L  R A D I O  COMPAN Y  ( O V E R S E AS) 

Helenastrasse 3, CH-8034, ZUrich 34, Switzerland 

AUSTRIA 
01pl. Ing. P•ur March•lli 
Wl•n 

BELGIU 
Groenpo1 Bel91Que- S. A. 
Brux•lln 
DENMARK 
s.oit ...- & Man1'1 1a:n•n 
K ebantt.ven t;a 

E I R E  
G•n•ral Aadiio Comp•nv 

(Ov•nellS) 
Gener Red10 Company 4U.-.C.l L1m1teC1 

Fl LANO 
lnto O·Y 
H••t.lnk1 

F R ANCE 
General Radio Fr• nce S. A 
Pans., Lyon 

GERMANY 
G•neral R•d lo Gmbt+ 
MUnc;;hen 

orddeutt-eh• V•nr•tung 
Dr.-ln&,. Ni.iHl•m 
W•O•I 

GREECE 
Metios D•Uegg10 
A1l'lens 

IS RAEL 
Eestron c s  Ltd. 
Tel Aviv 

I TALY 
Ing. S. & Dr. Guido B•lot t1 
Mlleno, Genova, 

Aome, eooll 

NE T H E R LANDS 
Groenpol Groep \lerkooD 
Am•t•,d•l'n 

NORWAY 
Gus1•Y A. Ring A/S 
0.IO 

SWEDEN 
firm• Joli.en L•gercranu K B  
Soln• 

SWI TZERLAND iii':�' & Co. AG 

UNITED KI NGDOM 
G•n•rel R•d10 Como•n'V 

IU. K,) Ltmlled 
Bourna End. 

Buc1clnghamslilre 

YUGOSLAVIA 
S.nforg de Brun 
Wien, O•••tTitlCh 

• Repair services ere avellable at these offices. 

G E N E RAL RADIO 
• 

I te r 
W E S T  C O N C O R D, MASSACH U S ETTS 0 1 7 8 1  

Do w e  have y o u r  correct n a m e  a n d  add ress- name , 

company or organi zat i o n ,  department, street or P . 0 .  
b o x ,  c i ":" y ,  state, a n d  z i p  code? I f  n o t .  please c l i p  the 

address label on this issue and retur'h it  to us with cor­

rections or, if you prefer, w rite us; a postcard w i l l  d o .  
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