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VITRAMO!N,°'- Inc., uses the, 
Impedance Comparator for 
comprehensive measure-
1men11s an statistic,al :s·am,ples 
fra,m each production lot of 

capacitors. 
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3 APRIL, 1960 

IMPEDANCE COMPARATOR ADAPTABLE TO 

MANY KINDS OF MEASUREMENTS AND TESTS 
"Double-duty" instruments that pro

vide laboratory accuracy in production
line testing, a well a production- e t 
speed in laboratory measurements, are 

universally welcomed. The General 

Radio TYPE 1605-A Imp dance Com
parator has proved to be just thi ype 

of instrument and it ha , time and again, 
proved it versatility and adaptability 

in a variety of applications throughout 
the ele tronic indu try. 

The Impedance Comparator indi ates 
directly th impedance difference be

twe n a tandard and an unknown and 

eliminate he tediou ne of manual 

bridge balancing. Many of th limit

bridge predecessor of the Imp dan 
Comparator operated at a fixed low 

frequency , which limit d their sphere of 

application. Th G-R Impedance Com

parator not only has a built-in oscillator 
providing 100-c, 1-k , 10-kc, and 100-kc 
operation but, in addition, incorporate 

features "\vhich allow a much greater 

degree of pr i ion and con iderably 
more versatility than do previou ly 

available instruments. 

Ba i ally this in trument1 is a lf
contained impedance measuring system 

comprising a signal ource, a bridg , 
and a detecting circuit (Figur 1). The 

bridge circuit consists of the standard 

and unknown ext rnal imp dance which 
are to be compared, and two highly 

precise transformer-type unity ratio 

arms. The voltage across he e ratio 
arms are qual wi hin one part in a mil

lion. Hence the accuracy of the imped
ance measurement depends primarily 
upon the accuracy of the external stand

ard used. Detector . ensitivity permits 
•Holtje, M. C .. and Hall. H. P .. "A High Precision Im
pedance Comparator," General Radio Experimenter, Vol. 
30, 0. 11. 1956. 
2 ee page 6 for a panel view of the Comparator. 

impedanc -diff rence mea urement to a 

precision of 0.01 % and pha e-angle dif

ference measurements to 0.0001 radian. 

The meter , which indicate impedance 

difference and pha e-angle difference, 
can be read a a glance. 2 

La.boratory Accuracy, Production Speed 

From One Instrument 

Th many appli ation of h G-R 
Impedance Comparator in industry well 

illustrate the in trum nt's versatility. 

A typi al u i that at VrTRAMO T' 

Inc . , of Bridgepor onnecticu , manu
f ac urer of porcelain-dielectric capaci

tor . VITR MON uses the Comparator to 
determine the temperature coefficient 

of th ir capa ·itors. The temperature 
of a ample capacitor i varied from 
-55 °C. to 200 °C. while bridge reading 

ar taken periodi ally at a number of 
temperature . From these data, a plot of 

percen deviation of capacitan ·e ver us 
temp rature i obtained the lope of 

which is the temperature coefficient. The 

inher nt ability of th Impedance Com

parator to make mea uren1ents without 
manual balancingor readju tment and the 

buil -in guard circuit, whi h eliminate 

th ffect of lead capa itance, enable Vr

TR MON to obtain he d sired laboratory 

accuracy at a p d her tofore unattain

abl by conventional test method . 

Figure 1. Block diagram of the Type 1605-A Imped
once Comparator. 

RANGE/ 
SWITCHES 
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figure 2. Semi-Automatic Tester at Bendix Radio 
Division, Bendix Aviation Corporation. 

On the production line wh re p ed is 

essential , the Impedan e omparator has 
becom a VrrnAMOl'\ 'vorkhor e. V d 
in cou j uncti n with a andard capacitor , 
the bridge permit 100 ch ck of ca
pacitor pr duction lots , as oppo ed to 

the spot testing , \vithout in r a e in labor 
c t . This go-no-go type of test i made 
with an ac;cura ·y of th order of 0. 1 % 

for both capacitance and pha e angle. 

Semi-Automatic Sorting 

'Vh n ngmeers of Bendix Radio 
Division of B ndix A iation Corpora
tion , Baltimore , Maryland n d d a 
"brain" f r th ir Semi-Automatic Tester 
(Figure 2), they ho e a TYPE 1605-A 

Impedanc Comparator. The S mi
Automatic Te t r which can check all 

compon nts < n a printed-circuit ub
as mbly and thu verify ad equacy i 
manufactured under subc ntract for 

IBM and th United tates Air F rce. 
Here is how B nd� put the Com

parator to work: the Impedance Com
parator panel meter were disconnected. 
The metering voltage , proportional to 
i1npedance-magnitude difference (in p r
cent) and phase-angle difference (in 

radians), are amplified by the tester and 

com p a r e d  t o  a ll owa ble t o l e r a n c e s. 
Printed-circuit component which pro
duc vol ag in xc of pre-set toler
ances are autorna i ally rejected. Buil -
in relay p rmit automati v it ·hing of 
Comparator impedance rang s by a r -
mot punched-card pr gramrner. Wi h 
automatic programming te ting rate is 
one measurement per second ! 

H r are a few r a on why Bendix 
use the Impedanc Comparator : it in
dicat both imp d n mao·nitud and 

pha e angle without knob twiddling; it 
provides d-c voltages proportional o 
per ntag d viation from a tandard · 

it ha excellent guard circuitr which 
permit th long cabl run u ually n ce -
sary in automatic equipment; and it 

ombin a wide impedance range with 

high mea urem nt accuracy. 

Environmental Testing 

An interestino- application evolved 
from Inland T ting Laboratories' ne d 
to make nvironmental r liabili t t 

on a larg number of capacitors. The 

automated instrumentation t m (Fig
ure 3) built at their Morton Grove, Il

linois plant to ac ornpli h thi m a ur -

ment incorporates the TYPE 1605-A 
Impedanc Com para tor. The s stem 
measures and record , in sequ nee in-

ulation re i tance, capacitance, and 

phase angl of many th u and of ca
pacitor of several type , each op rating 

at a cliff r nt vol ag level and temper
ature. These capacitor are hou d in 

two large compar rn ntalized environ
mental test chamb r . The in trumen
tation y tern is remote with respect to 
the components in the hamber. 

The TYPE 1605-A Impedance Com
parator, which i the heart of this in
tricate test apparatu , serve as the 
mea uring d vice for capacitance and 
loss measurement . Comparator meter-
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figure 3. Inland Testing Laboratories use the lmp�d
,ance Comparator in an autom,ated instrumentation 
system for environmental reliability tests on capaci-

tors. 

ing voltages are fed into a digital volt
meter and are converted to digital form 
for punched-card recordings. The data 
so recorded will provide detailed statisti
cal information concernincr reliability 
and life cycles of capacitors operating 
under variou voltage and environ
mental conditions. 

A Research Tool 

Mea ur ment of small dielectric 
chang of gases require a prec1s1on 
that taxes the re ource of ven the most 
sensitive impedance-measuring device. 
Professor R. H. Cole3 of Brown Univer-

ity asked the General Radio Company 
to modify a TYPE 1605-A Impedance 
Comparator so that it would have an 
impedance-difference sensitivity several 
times that of the catalog model. He 
wished to make m asur men ts of small 
dielectric constant chang s of gases and 
of dilute solutions. Although these 
measurements are usually made by 
heterodyne resonant circuit or re onant
cavity methods, the Impedance Com-
3Cole. R. H . . "l\1etbods for Diele_ctric l\lea ur.ement of 
Fluids." National Academy of Scie.nces - at�onal R�
search Council Conference on Electrical Insulation, 1908 
Annual Report. 

Figure 4. Circuit 'Used for measurement of small 
changes in dielectric constant. 

APRIL , 1960 

parator won ou because of its advan
tages of sirnplici y of operation, it free-, 
dom from lead capacitance and other 
stray effects, and its ability to operate 
a frequencies below 100 kc. 

Th phase-sen i ive detector circuits 
ar stabl and quiet enough to permi 
further modifi ·ation of the instrument, 
so that with an ext rnal d t tor ·he ' 

usable sen itivity i on part per million r 
In order to accompli h these meas

urements, Prof or Cole con tructed 
the circuit shown in Figu re 4. The om
pari on me h d u d for ga es con i ts 
of two identical cell which ar 0-pf 
three-terminal parallel-plate capa itors. 
Differences in capacitance, when ll I 
is filled with the ga of intere t, and cell 
I with a reference gas or vacuum, are 
balanced by the capacitance 'ivye net
work CACB c- 'I'he variable capaci ors 

A. and B are ganged in opp ition, so 
that rota ion ive a liI'l. ar hift of refer
ence capacitor C cfrom the ele trical mid
point. Values of Cc are cho n to give 
0.5-, 5-, and 5 -pf full- cale deft ction. 
Da a obtained for s i h gase a nitro-
gen aro-on and carbon dioxide are on-' b ' • 

sis tent to ten parts per million or be ter. 
These are bu a few of the many ap

plications i n  whi h the Impedance Com
parator has demonstra ed its usefulness. 
It is truly a universal instrument; one 
v,rhich meet both the laboratory crite
rion of accuracy and the production 
criterion of speed. 

-HOWARD PAINTER 

GR IMPEDANCE 
.. COMPARATOR • 
I I 
I I 
I I 
L_ ____ _______ _j 

DETECTOR 

EXPANSION 
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THE TYPE 1605-AS2 IMPEDANCE COMPARATOR 

In the preceding article, mention was 

mad of a modification of the Imp dance 

Comparator to give a higher degree of 

r solution than th standard model. 

Whil the full- ale tandard ranges of 
10%, 3%, 1 %, and 0.3%, with corre

sponding range for phase angle, are 

adequate for most uses, there are always 

application ' here increased ensitivity 

i d irabl . 

In our own laboratory, for in tance, 

it soon became appar nt that, while a 

s n itivi y of 0.003 full scale for di -

sipa ion factor is u eful, an increase in 
n itivity by a factor of 3 to 0.001 

would vas ly enhance the usefulness of 

th in trum nt. For example, \Yith a 
en itivity of 0.003 full ale, th di i

pa ion fa tor of good apa itors mad 

of low-lo ma erials such as mica, teflon, 
or polystyrene, al though detectabl , 

represents extremely mall-scale d -

flection . With 0.001 full-scale reading 

on th other hand ufficient def.le tion 

i obtained so that the instrument can 

be u for th orting of high-quality 

sil red mica films. Selection for ca

pacitance value and rejection for high 
di ipation f ac or can both be accom

plished rapidly. A number of uch in-

struments of increa ed full- cale sen i

tivity have been supplied and are now 

being manufactured in limited produc

tion quantities. 

ince any well-de igned instrument 

repre ent a compromi e between.numer

ous economic and technical fa tor , it i 

rarely possible to increa e perf ormanc 

in one respect withou sacrifi ing in 

some other haracteristic. In the m

pedance Comparator the increa ed s n i

tivity is ob ained by an increase in th 

low-r i tance limit of measurern n and 

by elimina ion f th 10% deviation 

ranges. Neither compromi is nee s

sary on a te hnical ba i but i arriv d 
at rather on an econorni basi . The im
pedance limi ation comes about from 

the fact that h increased sensitivity is 

most readily obtain d by a change in the 
urns ratio of the bridg tran form r. 

ince the available power from the in

ternal o cillator i not changed, the in

crease in the mea urable impedan 
naturally follows. imilarly, the elimina

tion of one range to make room for the 

new range i dictated by the inechanical 

considera ion f witch design, avail

able space, and pan 1 layout. 

- I. G. EASTON 

Panel view of the Type 1605-AS2 Impedance Comparator. 
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S PECIFICATIONS 

Impedance Ranges: Resistance or imp dance 
magnitude: 20 n to 20 Mn. Capacitance: 40 µµf 
to 0 µf; to 0.1 µµf with reduced sensitivity. 
Inductance: 200 µh to 10,000 h. 
Interned O scillator Frequencies: 100 c, 1 kc, 10 kc, 
100 kc; all ±3%. 
Meter Ranges: Impedance Magnitude Differ
ence: ±0.1 %, ±0.3%, ±1 %, ±3% full scale. 
(Can be adju ted for maximum of 50%.) Phase 
Angle Difference: ±0.001, ±0.003, ±0.01, 
±0.03 radian full scale (equal to di ipation 
factor on lowest ranges). 

Accuracy of Difference Readings: 3% of full scale; 
i.e., for the ±0.3% impedance-difference scale, 
accuracy is 0.009% of the impedance magni
tude being measured. 
Voltage Across Standard and Unknown: Approx. 
1 volt. 

Accessories Supplied: TYPE CAP-35 Power Cord, 
telephone plug, external-meter plug, adaptor 
plat assembly (fits panel terminals) and spare 
fu e. 

Type 

Tube Complement: 1-5651 5-12AT7 
1-5751 3-6U 
3-12AX7 1-6A 70 
4-6AL5 1-3A 10 

1-VE65A-l 

Power Supply: 105 to 125 (or 210 to 250) volt , 
50 to 60 cycle ; about 100 watts input at 115 
volt . Instrument will operate ati factorily on 
power- upply frequencies up to 400 cycles, pro
vided that the supply voltag is at lea t 115 
volts. 

Power input receptacle will accept eith r 2-
wir (TYPE CAP-35) or 3-wire (TYPE CAP-15) 
power cord. Two-wire cord i uppli d. 

Mounting: Relay-ra k panel with cabin t; TYPE 
1605-AR ha fitting to perm.i either instru
ment or cabin t to be rcmov d fr m rack with
out di tmbing the other; TYPJ<J 1605-AM has 
end upport for tabl or b n h u c. 

Dimensions: Panel, 19 x 8% in hes; d pth behind 
panel, 12 inches. 
Net Weight: 29 % pound . 

Price 

1605-ARS2 
1605-AMS2 

Impedance Comparator (relay-rock mounting) . . .. .... . . . . . . . . ... · I Impedance Comparator (bench mounting) ....................... . 
$925.00 

925.00 

U. S. Patent o. 2,548,457. 

ST ABILITY RECORDS OF STANDARDS OF 

INDUCTANCE AND CAPACITANCE 

The data shown in the accompanying 

plots will be of considerable interest to 

all who use General Radio standards of 
inductance and capacitance. 

Figure 1 shows a six-year record of 

measurements on a capacitor of. the 

1409-type, having a nominal capacitance 

of 0.1 µf. In this period, three measure-

+0.1 

<i_ Figure 2 STANDARD INDUCTOR TYPE 1482-N 0.5 henr" at IOOc 
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Figure 3 

Figure 4 

sTANDARo'i'r-.lDuC-foR. TYPE 1402 "' 1tien;y· ·� .. �!-'� ... ·�· 
RETURNED BY CUSTO�ER FOR PEl'.ll0Dlf RECALIBRATION. at IOOc 

STANDARD INDUCTOR TYPE 1482 H JO mh of IOOc 
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CORRECTION -
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ING A D I SPECTION CHARGE 

We find �t necessary to put i.nto effect as of May 2, 1960, a minimum 

billing amount of $10.00 applicable to all orders except those for repair 

parts or for cash sa.les. 

Should Government or other Source lnspectiion be requ·red, there is a 

surcharge of 1 % with a minimum of $ 2.50 per shipment. 

Ge e a adio Company 
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