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• THE T REND toward com 1 xity and 

mor exacting p cifi ·· tion � in ele tronic 

equjpment ha I n accorn.panied by a 

tremendous in r · in the quantiti es pro

du ' d, and a a result, mor and more 

preci e c mponents - r i tor apaci ors 

and indu ·tors - are b ing u ed. In gen-

eral, it is necessary to m a ure these com

ponents before as mbly, and thi mea ·uremen , parti ularly for I per 
cent or 0.2- p r c nt ·ompon nts, i u uall mad on a "laboratory

typ ' bridge. · the numb r of component to b mea ured in r a 

the ne d grow for an accurate and impl , general-p irpo e brid<Ye for 

production testing, and to fill thi n ed the T'YPE 1 -±- omparison 

Bridge, shown in Figure J , ha b en d eve loped. 
In making he mo prems bridge measurements, a sub titution 

method i u d. In one 
form of t he g e ner al 

m t h o<l, the bridge is 

" tandardized" with a 
known standard imp d

H.nce that ha nearly th 

:-5ame value a the un

known to be measured. 

In this case, the bridge 

u s e d  p r i m ar i l y t o  

Figure 1. Panel view 
of the Type 1604-A 
Comparison Bridge. 
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GENERAL RADIO EXPERI MENTER 2 

measure the mall differ n ·e b tween 

the tandard and the unknown, and the 
ffect of the bridg errors approach s 

zero a the differ n e between the and

ard and unknown approaches zero. The 
TYPE 1604-A Comparison Bridge i 

tandardized in our calibrating labora

tory a a 1000-ohm imp dan e lev 1, and 

the true bridge zero i hand calibrated. 

A this point the bridge error are ffec

tiv ly zero. By re tricting the impedance 
difference range to ±5 per cent or ±20 
per cent, bridge error tay mall and 

w obtain "laboratory accuracy" on a 
"production-type" bridg . This bridge 

i uffici ntly ac urate so that thi 
tandardization at 1000 ohm \Vill hold 

good from a few ohm to a few meo-ohm . 

How ver, the tandar ization can be 
h cJred at any time by simply inter
hanging h tandard and unknown and 

noting that the bridge reading reverses. 

The TYPE 1604-A ompari on Bridge 
i completely self- ontained, con i tino

of a athode-ray tube vi ual detector, 

bridge, and an o cillator which operat 

at 1 kc or 5 kc. It can be u ed to m a ure 

both impedance diff eren e, L:::..Z, and 

dissipation-factor differen ·e, L:::..D (or 
torage-factor difference, L:::..Q), for re

si ·tor , capa i ors, and inductors. By 

providing a L:::..D r L:::..Q balan e a w 11 
a a L:::..Z balance, a thorough check of 
component can be made. For example, 
if capacitors ar being ch eked, not onl) 
will tho ·hat are out id capaci an ·e 
limits be r j ct d, but al o ho ' ith 
abnormal dissipation factors. 

Ea e of operation has been stre sed, 

o that mea ur ments can be mad 

rapidly. Two dial , conveniently located 
ar rotated to balance the bridge, or, for 

more rapid opera ion, the dial can be 
used to calibrate he ca hode-ray tub 

which then indi ates he unbalance in-
tantly. At balan e, the dial indicate 

directly the D or Q differ nee and th 

impedance difference between he stand

ard and unknown, xpre ed a a per
centage of the tandard impedan e. 

Ordinarily, the bridge is used to ch ck 
components from current production or 

purchase lots against a similar com
pon nt ind p nd ntly measured and u ed 
as a tandard. However, if a laboratory 

tandard is us d, rather than a sample 

component, the instrument become a 
preci ion laboratory compari on bridge. 

This bridge an b u ed for the ire 
compari on of compon nt over a very 

wide impedance range, from approxi
mately 20 to 20 Meg n. The ba ic a -

cura y of the bridg i ±0.1 per cen 
decrea ing somewhat at the e tr me of 

its impedance rano-e. Two impedance

differenc range are provided: ne 

0 to ±5 per cent for ac urate compari
son of component close to each other in 

vaJu ; the o h r, 0 to ±20 p r cent, of 

som what less r accuracy, for h eking 
to he common tolerance of ± 10 p r 
cent and ±20 p r c nt. Th impedance
diff r nc dial is hown in Figur 2. 

Figure 2. Close-up of the 
impedance-difference dial. 
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CIRCUIT 

A impbfied sch ma i di gram of the 
bridge i hO\vn in Figure 3. A pr i 10n 

lin ar pot nti m ter in he ra io arm 

is used to provid a ±20 p r cent im
p dance-difference ranrr . Thi p n

tiometer i hunt d to provide a ±5 per 

cent range for mor pr i e comparisons. 

differential capacitor aero the ratio 

arm provide the di ipa ion-factor 
balance. Th point at ,, hich the bridge 
i grounded can be witched, o that 

measurements can be made with th un

known either grounded or unground d. 

The detector i a three- tage, hio-h
gain, non-linear ampli:fi r. Th hio·hly 

non-linear amplifier permits he bridge 
to be balanc d without con inual reset

ting of the gain control. Balan i indi

cat d on a cathode-ray tube. Th de c

tor time constant ha been made le s 

than 100 micro econd , so that, for prac
tical purposes, the error 1 ·ag app ar 

in tantly. 

The o cillator i a conventional R
pha e- hift oscillator whi h is coupled 

to the bridge through a shielded bridg 

tran former and a a bode follower. The 

cathode follower eliminate any r a tion 

of the bridge back on th o illator, 

while the sp cial transformer shielding 

prevent any unbalanced voltage from 
the oscillator from aff ting the bridge 

balan . A differential capacitor is u d 

t balan e the capacitance from the 

transformer shield to th nd of the 

hi lded windinrr. 

RANGE OF MEASU REMENT 

The upper and lower l imits of imp d

anc mea urement with this type of 
bridge ar d t rmined by three main 

Figure 3. Elementary circuit 
of the bridge. 
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fa tor : re idual impedan ·es pi ·kup 
from stray field , and n itivity. 

t high impedance th e limi ing 

ndition are: 

1. Parall 1 capa i an and r i tan 

a ro he measuring t rminal f 
h bridg . 

2. Electro tatic pi kup b au f th 
high impedance level. 

3. D er a d s n itivi y b au of the 
load of the d t tor on h bridg . 

In the TYPE 1604-A omparison 

Bridg h input impedance of h det c

tor i high, and uffi ient ensitivity i 

provided so that d te tor loading doe 
not limit perf orman e. Thorough hield

ing wjthin the bridge e:ffectiv ly elimi
nates error from el tro a ic pick:up. 

However, in trong I ro tatic fi Id , 
p ickup ext rnal to the bridge i po ible. 

Generally, thi external pi kup wil l be 

at 60 and can ea ily be l irninat d by 

in rtinrr a fil er, uch a th TYPE 
123 1-P5 dju tabl Fil er, a the filter 

jack on th pan I. Parallel r sis tan cc 

aero the measuring terminal i x-
r mely high and is compl tely� negli

gible. hun apa itan , however does 

limit the high imp dan range. When 
th unknown is grounded th hunt 

capacitanc , 8, includes h capacitanc 

of som shi lding wi ·hin the bridge and 
i approximat ly 40 µµf. With h un

kno\ n unground d, however, th h ield 
capacitance i placed a ro the bridge 
ratio arm and s i l than lµµf. inc 

be brid ·e mea ur th parall l com-

STD UNK 

+DET 

UNKNOWN 
UNGR()U'jDED 
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bination of the imp danc to be meas
ured and the stray capacitance across 
the measuring terminals, this extremely 
low value of shunt capacitance is neces
sary for high impedance measurements. 
An analysis of the bridge balance equa
tions shows that the error at high imped
ance 1s: 

Cs 
For capacitance 1 + - ( ee Figure .) 

x 

For inductance l-w2LxCs ( ee Fig. 5.) 
For resistance 1 +w2Rn2C82(See Fig. 6.) 

For a maximum error of 0.1 per cent 
on the 5 per cen range, these expre -
sions must equal 1 ± .02 since 
(1±.02) x 5 per cent = (5.0±0.1) per 
cent. This corresponds to a high imped
ance limit of 50 µµ.f, 500h, 20 Meg n at 
1 kc. 

At low impedances the range is limited 
by 

1. Series inductance and resistance in 
the standard and unknown bridge 
arms. 

2. Electromagnetic pickup because of 
the high currents at low impedance. 

3. Decreased sensitivity because of 
the load of the bridge on the 
oscillator. 

To maintain constant ensitivity, the 
voltage across the bridge must be held 
constant as the impedance level d -
creases. Thi requires supplying more 
power to th bridge. Since thi power i 
limited, the low impedance range is 
limited. Sufficient sensitivity to balance 

(Below) Figure 4, (below right) figure 5, 
(right) Figure 6. 

\ I 
' 

- l°l.,6-C-

the bridge to within 0.1 per cent can be 
maintained to an impedance level of 
about 2 ohms. At this low impedance 
level, large currents (about Y2 ampere) 
flow through the bridge arm . The re
sul tan electromagnetic pickup between 
bridge elements causes an error in the 
bridge balance. This error has been kept 
·mall by careful placement of lead . eries 

inductance and re i tance has been kept 
small by using heavy bus-bar wiring in 
the bridge arms. The effect of this series 
impedance i further reduc d by keeping 

he bridge wirino- as ymmetrical as 
practicable. The low impedance limit 
of the bridge is shown in Figures 7, 8, 
and 9. For a maximum error of 0.1 per 
eent on the 5 per cent range, the bridge 
.may be used to 2 n, 0.5 mh, 30 µf at 1 k . 

The impedance difference and dissi
pation-factor-difference ranges are lim
ited by the effect of cros -coupling term 
in the bridge balance equations. As the 
impedance difference increa es, it causes 
an error in the measured di sipation
factor difference. Similarly, as the dissi
pation-fac or difference increa es, it. 
causes an error in the measured imped
anc difference. Because of these cross-
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coupling terms, we have limited the dis-
ipation-factor-difference range to ±0.02 

where the maximum error in the imped
ance-difference measurement becomes 
0.1 per cent. Instead of limiting the 
impedance-difference range to about 2 
per cent, we have accepted a slightly 
larger error in the dissipation-factor
difference measurement. 

USES 

Because the bridge is calibrated in 
per-cent deviation, the job of sorting 
components to a given tolerance is 
greatly simplified. The high accuracy of 
the measurement, plus the fact that 
6.D or 6.Q as well as 6.Z is measured, 
insures an accurate production check of 
compone:ats. 

The TYPE 1604-A Comparison Bridge 

can be used in either of two ways. First, 
an unknown can be compared against a 
suitable standard by rotation of the bal
ance dials of the bridge until the cathode
ray tube indicator shows a balance. The 
difference between the standard and un
known is then read from these dials 
directly. Second, the cathode-ray tube 
can be calibrated at the desired sorting 
tolerance and used to give an instantane
ous "go, no-go" indication. The first 
method provides better accuracy, while 
the second permits really high-speed 
sorting. 

For production testing, the standard 
need not be a precision laboratory stand
ard, but can be a component, similar to 

those being checked, which has been 
independently measured. A standard 
precisely at the desired value is not 
necessary, since an off set zero is provided 
within the bridge. Thus if ±2 per cent 
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resistors are being orted and th avail
able standard is off ±1.3 per cent, the 
bridge zero can be offset exactly 1.3 per 
cent and the resistors checked as if a 
perfect standard were available. 

To select or to check matched pair 
of components, no standard is necessary. 
The pair are simply conn cted to the 
standard and unknown terminals, the 
difference between the component being 
indicated directly by the bridge. 

The TYPE 1604-A Comparison Brido·e 

is ideal for measuring center-tapped 
windings to be sure that the tap is cor
rectly centered. Similarly, two windings 
on the same core can be compared for 
unity turns ratio. In these cases th 
measurement is made with identical cur
rents through the two winding . 

An example of a production problem 
at the General Radio Company show 
the type of application for which the 
TYPE 1604-A Comparison Bridge ha 

realized large economies in test time. A 

large air-core inductor, accurate to 0.25 
per cent, is used in the frequency-di -
criminator section of one of our fr -
quency monitors. Variations ·n wir 
from spool to spool, winding tension, 
and other variables make it impossible 
to hold the inductance to a 0..25 per 
cent tolerance by simply counting turn 
as the coil is wound. As a result, th e 
coils are wound with a few per cent more 
inductance than necessary and then 
"peeled down." The coils were formerly 
measured on a TYPE 667 Inductance 
Bridge to within 0.1 per cent, turns re
moved, and the measurement repeated. 
This process would then be repeated a 
many times as necessary to bring the 
coil within limits. The operation was 

(Left) figure 7, (center) figure 8, (right) Figure 9 • 

.., � +o.z ����������� 
..., a; 
� i! +O. I t--+"""<::..,;..,.-+--+---t--'l.._...l;--+--l 
15 a; 
� � o.o 
z..., ""' 0 '4'. 1n � ion ioon 

RESISTANCE 
1ooon 1.0mh 

INDUCTANCE 
'°""' o.1µf Iµ! 100µ! 

CAAl\CITANCE 
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tim - ·on uming wi h · pr ci �ion labora
tory bridge. Th j b has now been 

peeded up on iderably by a dire t om

pari on wi h a tandard c il. 'I'he oil to 
h adju ted i placed on a turntable 

which make contact to one end of he 
winding. This contac i brough hrough 
a lip ring to th ground d unknown 
terminal on the TYPE 1 04-A ompan-

on Bridge. The o her end of t he winding 
i connected d ir ctly to the bridge. The 

bridge in tantly indicates tha he oil 
i outside limit . Turn are now removed 

while the coil i still connected to h 
bridg . A each turn is removed, he 
·athode-ray tube in tan ly indi ates he 

approach to balanc . Wh n the balan e 
condi ion i rea h d ,  h wire from h 
coil is cut and old r d to it terminal. 

In this way the coil are easily and 
quickly made identi al within 0.1 per 
cent. 

The comparison bridCT ha al o proved 
very helpful in the mea ur ment of very 

mall apacitors. In thi application the 
bridg i not u ed to compare two mall 
capa itor , but ac ually mea ure one 
capacitor dir ctly. W had everal lots 
of 1, 2, and 3 µµf conden ers b 
checl d. The e were quickly checked 
by placing 100 µµf capacitor at the 

tandard and unkno\vn terminal of he 

bridge and setting th off t zero o that 
th bridg indica es zero. B placing the 

mall capacitor o b mea ur d in 

parall 1 with the 100 µµf capa itor at the 
unknown t rminal , th mall capacitor 

can b mea ured b r -balancing th 
bridg . The ±5 p r cent .6.Z cale now 
read ±5 per cen of 100 µµf or ±5 µµf 

full ·al . Ea ·h divi ion of the cal (�e' 
Figur 2) r pr ent 0.1 µµf. By uita l 
choice of h hunting capaci or, th full-

ale r ading can be mad an alu . 

At ± 1 µµf or le , full cal , stray capaci
tan e become v ry important and mu t 
be con id r d if a urate mea urement 
ar to be made. 

Th compari on bridg j ideal for 
che l ing ganged pot ntiom that 
mu t track each oth r within a given 
toleran point-by-point m a ur -
ment of a pair of non-lin r p tenti m
eter on a laboratory bridge an be ver) 
tim -consuming and o 1 . By cal'brat
ing th cath de-ray tube at the d ir d 
tolerance and onne tino- he potenb
om.eter to be hecked to the tandard 
and unkno,vn erminal of he bridCT , 
the potentiometer can b ch k d in a 

econd or two by imply rotating th m 
through their rang while wat hino- the 
cathod -ray ube. Failur to track within 
the specifi d limit at an. point i in
stantly indicated. 

Similarly, gang d cond n ers for o cil
lators or filter an be heel ed in a mall 
fraction of the tim r quired by a point
by-point mea urement. Fur hermore, 
the condensers are not ch k d at a few 
d iscrete points but confanuously over 
their whole range. 

Th are bu a f w of the po ibl 
appli a ti on for which th TYPE 1 0 -A 

ompari on Bridge an b u d but 
they serve to illustrat its v rsatility. It 
combine ease of op ration with uffi

cient accuracy for componen 
nearly all production j 

- L Hour.TE 

SPECIFICATI ONS 
Deviation Range: •or impedanc , ±5 3 and 
±203, s lected by a panel switch. For dissipa
tion factor, ±.015 at 1 kc, ±.075 a 5 k . 

Impedance Range and Accuracy: Imp danc s b -
twP<'n 2 n and 20 Mn can bP comparPd. For 

the 53 deviation range the basic accuraey is 
±0.13, but at extreme value of imp dan e 
the accuracy is somewhat poorer. The range for 
r istors, capacitor , and inductor for which 
the ±0.13 accuracy applies is giv n in the 
tablP: 
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c 
l kc 2 f� 20 Mn 30 µf 50 µ.µ.f 

5 kc 4 n - 2 Mn 
L 

2 µ.f - 50 µµf 

500 µh -= 250 h 
200 µb - 10 h 

Th 8e rang apply when comparing compo
n nt whose di sipation factor difference· d not 

x d .02. On th 20% deviation rang th 
accuracy i 0.5 ver th am impedance 
range . 
Dissipation Factor Accuracy: The accuracy of 
measurement of di.ff r nces of di ipati n factor 
u.t 1 k i ± (.0005+2 of h impedance 
diff ren c), and at 5 kc, ± (.0025+2 of the 
imp dance differ n e). 
Frequency: Frequ ncie of 1 kc and 5 kc ar pro
vided, sel cted by pan 1 wi ch. Th fr quency 
is within ±3 0 of the nominal value. 
Grounding: Tw ground po ition ar provid d, 
one of whi h ground the junction of the stand
ard and unknown impedanc s. With this con
n ction the total imp dances betwe n the high 
terminals and ground are compared. In th 
other connection the junction of the rati arm 

f the bridge is gr und d, 1 aving both terminal s  
of th tandard and unknown ungrounded. 
With thi connection the direct imp dan be
t ween terminalR f a e mp n nt is mf'a ured, 

Type 
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and tenninal impedances to ground, wi hin 
certain limits, will not aff ct the bridge bala.i1cf'. 
Voltage Applied to Unknown: Approximat ly I'll' 
volt, for impedanc ab ve 5000. For lower 
valu of imp dan th voltag i decreased, 

orr ponding to a �ourc impedance of thl' 
order of 100 n. 
Zero Adjustment: An adjustable index mark j� 
provided with locking means o that the zero 
can be offs t to correspond to the deviation of 
th tandard compon nt from h d ired 
nominal valu . 
Accessories Supplied: Line-Connector cord. 
Accessories Required: For g neral purpose, ww 
adjustable calibrated tandard uch as the 
TYPE 1432 Decade R i tor, T 'PE 219 D ad 
Capacitors, and TYPE 1490 D cad Indu tor . 
Fixed standard uch a the TYPE 509 Standard 
Capacitor , TYPE 1481 Inductor , and TYPE 500 
Resistor rna al 'o be u d henever a.ppro
priat value ar available. 

For productio1 te ts, the tandard i ften a 
component of the typ to b test d, tha ha::; 
be n measur d ind p ndently or otherwise 

le t d. 
Mounting: W ld d aluminum cabinet. 
Dimensions: (Width) 12 inche , (h ight) 147;1 
inches, (depth) 10 inche 
Net Weight: 227-2 pound . 

Price 

1 604-A Comparison Bridge . . . . . . . . . . . . . . . . . . . . . . . . . .  . $335.00 
Licensed under patents of the Radio orporation of merica. 

NEW BRANCH PLAN T 
Recognizing that the demands of an

other emergenc could not be met by the 
then-available fa iii ie , th General 

Radio Company, in 194 , began to ex

plore the possibilities for expansion. Any 

further major expan ion wa , for many 

rea on , all but impo ibl at the pre ent 

lo ation in Cambridge . Aft r a areful 

arch, accompanied by an analy i of 

the residence locations of its employee , 

vailabili ty of uitable lo al manpower 
pool a ce ibili t , including nearne s 

o highv ay and railway facilities, a bui ld

ing i wa cho n in a country district 

in We t oncord , Ma sachu ett , ome 

eighteen mil w t of Cambridg . 

About eighty acre of land w r pur

cha d to allow for ad quate open pace 

around any building that might n u

ally be con tructed . 

The Korean troubl brought th n ed 

ooner than could have been expected. 

In the late spring of 1950 the rearma

ment program began in earne t, and 

G n ral Radio was called upon to make 

it contribution of preci ion test equip

ment and component at a rate far be

yond he capacity of i plant . In fact, 

the a cending curve of n w def nse 

orders mat h d lo ely h urv au d 
by the rearmam n program b g1nmno· 

in 1. 40. 
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Plans for construction on the new site 
were drawn up immediately, but before 
construction could be started a certifi
cation of the necessity of this new facility 
was required. This was issued by the 
National Production Authority upon 
the request of the Department of De
fense, and building was started in July, 

1951. The first production operation 
began in April, 1952. 

This modern, fireproof plant has 
seventy-two thousand quare feet of 
floor space and i devo ed to manufac
turing, with auxiliary shipping, rece1 v
ing, and stockroom facilihes. 

Courtesy Boston Edi on Co. 
View of the new General Radio branch plant at West Concord, Moss. 
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