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VERSATILE RESISTANCE LIMIT BRIDGE 
DOUBLES AS LABORATORY STANDARD 
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.IN BOTH the dcv('\opmcnt :lnd the 
manu fllet lire of elect ronic cquipnH'llt, it is 
f!"('(lucntly nCl"l'>'i.'SlIQ' to SCi('cl n:'l'i~tt)l"l:! to 

d O:.;(' toiCI'aIlCl'S, to ma tch pair,; of l'eai"'lors, 
find to make prc('isc m f':LSllrCIllf' n ls of I~ 
sist:l ll(,c in order to lidju:;t {'ircu il opcra ting 
conditions. )' Iusl Whml stOIlC bridg~, or 
r'csi.'ltal1cc tc~1 S(·t~, 111"1' not fa",t {'lIough fOl' 
pnx ludion work, while t il(> f'.i lllpic ohm

meter, a lthough rapid, has ill~ufficicnt accuracy. 
To m{'('l the Il('('ti for a sMisfactory r~i.'lt:IIl(·f'-t:h('<:king dC\'itc in our 

own p1:1l1t. !Jll r Dcwlopmcnt Enginccring I)cpannl<'1H 1IIHIf'rt()ok lhc 
dt'!<igll of a r...,.i"t:Ull"c limit h ridv;c sufficiclltly flC'xihlc in ttpplie:ttion to 
be uS('(1 ill manufacturing, in 1he model shop, and ill thc lahomlol',v, 
The l'C'sul1ing inst rumcnt has pmved SO useful that. it. is nOli' ofTC'I'(,([ fur 

Figu,e1. Pone ' view of the Type 1652. '" Reli"o""., limil B,idge, Pe , e.,nl d.,violton I, indko led 
on th., 10'lle me'e" with it. open, eOlily , .,od leol." 
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GE N ERAL RAD I O EX PE RI ME NTE R 

geneml 8111e as the Typ~; 1U52·A R{. .. 
SititllllCC Lim it Bridge. 

The versatility of I his instrument is 
Ul'st shown by the varied types of mells. 
mementfl for which iI, 1::l.1l be us(,>{1. 
Sp('(:ificlilly, it cu n : 

( I) Ind icate pcrccnt:lge doviation of 
tlie unknown frOIll u.n adjustable in· 
lernal standard. Oevintioll is indicall.'(i 
011 a large meter, with the scale from 0% 
to 5% colored gold und from 5% to 10% 
colored silver. Maxi mum deviation is 
±20%. 

(2) Indicate percentagedevia l.ion si m· 
ilurly f!'Om un external sULIldllrd . 

(3) Be used to match one resislor to 
another, the perccntage differ'cnce bei ng 
ind icated all the meter. 

(4) Be IIscd as a conventional decade 
Wheatstone bridge for resistallce mens-
m ements by the null method. 

(5) Be used with external equi pment 
for automatic sorting by percent.age 
limits. 

Tn addition, the internal standard pro
vides a scven·decade resistor that can 
be used in external circuits, subject t.o 
frequency find grounding limitations 
imposed by t he internal ci rcuit configu· 
ration. 

, 
T he nlllgc of mcusuremc.n t. i!; (rom, 'IIC 

ohm to rdJove one megohm , with a IL l UI-

curacy betwcen 0.2% and 0.5%, depend· 
ing all t.he ty pe of mcas urement. The 
bl"idge is lUounted in a metal cabinct :wd 
is availa ble for either table or rcluy·rack 
mounting. The buil t·i n resislance stand· 
a rd is composed of seven T YPE 510 
Decade Ucsistors, adjustable from 1 
ohm to 1,111, 111 , ohms in 0. 1 ohm 
steps. External standards may be used 
from I ohm to 2 megohms. The internal 
power su pply operates from the a·e 
power linc. 

CIRCUIT 

The conventional cqUlll·anH Wheat· 
stone bridge ci rcuit, shown iu Figure 2, 
is used. The input voltage E is held can· 
stant, and the output voit!lge is indi· 
cat.e<1 by a high·impedance vacuum-tube 
voltmeter, whose scale is calibrated in 
per cenl, deviation. When the unknown 
resistor, Rz , differs from the standard 
resistor, fl., by P per cent, the bridge 
out put voltage, V, will have the follow· 

E( P ) ing relalion to P : V="2 2OO+ P . Since 

the input voltage, E, is hcld constant, 
the output voltage, 1', is il function of 

Figure 2. {Iemenla...,. .<hematic circuil diagram al'he limi' bridge. 
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t he pCf('cntage error of the unknown 
resistors. The fact. that the percentage 
(- rrOJ', P, nppears in tile denominator of 
this expression accoun ts for the slight 
devintion from lineari"y of Lhe meter 
senle. The d-c v!1eu lIlll-!uhc voltmeter, 
~hown at the right of Fij.,'1I1'c 2 , uS C::$ tl 

balnllccd cirt'uit, si milar to th /ll. in the 
T," 'f: ISOO-A VnclIulll-Tul)f' Voltmeter, 
to minimize d rift. The plate and c:lthodc 
healer voltages RI'C regultlted b,v a salll
mble core Il'unsformcr. As a resul t. 
of t heR(' pl'ccnution~, the d"ift due to 
lim·-voltugc changes is compl(ltciy Iwgli
p:ihtf'. 

OPERATION 
Limit Testing 

F Ol' limit lnf'nSU1'cmcnIS. llfle!" t he pre
limiMtry adju8tmenb; of inlcl'Il iJ. l s t :1 ud
ard value :\nd meter zero, thc metcr indi
cates perccutngc errol' directly when the 
unkno\nL is CQllJlectoo to the bridge. Fo)" 
sUl'h operatioll ::! us acceptance tests on 
muterial coming into j he plallt, t.he 
sp(.'cd arld conv(>llicllce of l11easllremen ~ 

ClI ll be greatly facilitated by the usc of 
a t.est. jig 10 Uf'ccpl, the resistn!"!> being 
mc-:lsw·cd , and which provides an aut.o
matic mefins of shorti ng the meter when 
no I'csi;;tor is connccted. Such u. jig is 
I 'cst. devi&.'<.i hy tht \Iser to suit his pnr
tit-u lM Il f'f"d ll. 

Matching Pairs 

The procedure for matching pairs of 
resistors is t lle SIlmc a~ above, except 
that the internal standard is se t. to zero 
and one of tile matched resistors is con
nected 10 the external standard bi ndi ng 
posLs. Resistors can also be compared to 
an acceptable sample by con necti ng the 
&'lmple resistor to the external standard 
binding posts :lIld setting the internal 
s lanrlard to 1£ 1"0. 

JA NU A RY, 19 52 

Null Measurement 
When the resistance limi t bridge is 

USf..>U as a laboratory instrument to 
mCI\SUI·e rcsistance, the unknowll is con
ru:cit.'{I, and t he internal staudard is 
ndj uslcd unlil there i s zero defl ection on 
the meter. Scnsit ivit,y is constant fo r 
measllrement lip to several megohms 
wilhout, fi lly additional hoostcr volt age 
rrom extemal bat teries. 

HIGHER RESISTANCES 

For rcsistors olJovc a fow megohms, 
the grid cli rrent drilwn th rough the 
Whcalstone hridgc by the vllCuum-t,uhe 
voltmeter will afTecL the normal OpCI"f\.
lion of the bridge. However, it is sti ll 
pO'''>.'' ihlc \0 1111':18111·e resistors by t.he n llli 

mel h()(I, using all cxtemHI 81 andard, pro
viding tl 8light ly di fferent procedure is 
tlset!. With the 1:l land:u·d II l1d unknown 
resist ol"S connccted lu t he bridge, t he 
meter Zl'ro is set with the inpu t voltage 
rcmoved from the bridge (overload relay 
tumed off). The input voltage to the 
bridge is then turned on and the extel1lnl 
stundard adjusted fOI" a null. Th is pro
ce<lll1'o m1lst he rer)(~ated a few ti mes 
unlil the meter indicaLioll I·c.mai ns Ill. 
zero :\8 I h(' voitllgc 10 I hI' liI"irIgn iii 
tU fII ('d 011 :tml off. 

ACCURACY 

The has ic aCClll·a cy of tile I·e~ist:ln cc 

limit. bridgo in ma tching two resistors 
is ± O.2%. 'Nhen 11 rcsistOI· is being 
measmed, the CITOI· of the st:.tndard must 
be added. The internal stttndard is nc
ollmle to ±.05% (for " alues above 10 
ohms) so that. resist.ors may be measured 
to ±O.25%. For resistors less than 10 
ohms, the accuracy usi ng the interDtll 
standard is ± O.4%. 

When the bridge is used as a limit 
bridge, for rapid inspection of resistors, 
finite Ilccllraey of I.he meter rNllIces the 
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R-5 (O-IOOOll) 

-I RELAY 

Flgur. 3. Equi~olenl c1"uil of file bridge vollmeter, 
Illowing method o f tonneding on extem,,1 ,el"t. 

at'turfl.Cy of the instrument to ± O.5%. 
A control is avai lable on the shelf of the 
instl'l.lment, Wllich allows adjustme.nt of 
the me.tcr scllsili\' ity to remove the 
mctcr-calibratiOIl error at anyone point 
on the scale, Thus if 5% resistors nrc 
:l lwa. .... a being measured, it is po.'\Sible to 
incrensc the U('cu racy of the meier indi
cation at the 5% limits with 1\ corre
sponding decrease in accumey at ot her 
pointfl on the f>;('ule, 

AUTOMATIC SORTING AND 
INSPECTION 

• 

A relay cnll be put in place of Lhe 
meter on the resistance limit bridge fOI' 

use in automatic equipment, The l"Clay 
cun then be used to control t.he ope.ration 
of solting machinery or reject ion equip
ment. A suitable rela.y should hllve a 
sensitivity in the order of 100 miCl'o
a mperes and an internal resistance of u 
few hund red ohms. Figure 4 is an equiv
alent circuit of t he bridge voltmeter, 
in which R-5 pl us the relay resistance 
mllst be 850 ohms. 

The T\·p ~; 1652-1\ R esist:'!nce Limil, 
Bridge is a vers .. 'ltiJe resistance measur
ing de\'ice, sui table, witholl t additioll:IJ 
equipment, for many types of meosure
men t.. For specialized !lpplicil.lions whcl'c 
speed is essen tial, it. pmvides a bnsiu 
measuring circuit of high accuracy, to 
which automatic handling C<luipmcll t 
can be connected . 

- W. 1\1. I I.\OU£, JR. 

S PECIF ICATIONS 

J!esilt"nu R"nge: As n limit bridge, I ohm to 
1,111,111 ohmH with inlcrnnl standard; for 
lIull melL5uremeut, 1 ohm to 1,111,111 ohms 
"' ith interllill dt!lndflrd; 1 ohm to 2 olegohm:; 
with external ~talldRrd. 

limll lIange: Meter reMs from - 20% to +20%, 
with the stiilldard RTMA t.olerance rallge!! of 
* 6 % lOud *10% dearly indi(·ll.tffi by gold and 
silver (,(Iloring, respectively. 

A<curclc)' : As :llimit bridge, ± 0.6% or bett.er; 
fot matching, ±0.2%; for null mewmrement, 
with iuternru IItlllldard, ±0.25 % above 10 
(lhmB Md ±0.4% between I ohm fI.ud 10 
()hms; with an externHI Mlalldnrd, from I ohm 
t(l2 ulcgolims ±<O.2% + a.cCllrllCY of stnndnrd), 
Va ltoge AppUed t" Unk .. "w .. : The voltuge allro!16 
the unknown resistor is exadly one volt when 
the meter indication is zero. As the meter 
mdicntion vnriea from -20% to +20% the 
voltage acroM the unknown will vary from 
\).89 volt to 1.10 VQlts. 

T,p< 

lIel"y: When 8. relny is IISCd ill place of the 
mcter, the relay r('!;istance should be not more 
than 8.50 obnts lI./1d its seul\iti\·itv 100 mkro
:unperes or betler. A ('urrellt ot 100 micT()
amperes oorresponds approximately to n limit 
of 20%, 50 microampere>! t.(> 10%, lWei 25 
microamperCII to 5%. 
"'we. Supply, 106 t.o 126 voltJ> or 210 to 250 
volt.'!, 60 c~· cll'S. The power ill l/ut i~ [Lpprl)xi
lIIutely 30 "' allS. 
Acullo.ln Supplied: A line connector cord llnd 
spare fusee. 
Va cuum Tub .. , One Type 6X4 and two Type 
6SU7-GTY'1i. All :l.re supplied wi th the instru
meJl\. 
Mounling: The bridge is su pplied for eitJl(·r 
relay rllCk or cabinet mounting. C1Luinet In\l:l 
black wrinkle finish. 
Dh .. , .. ,I"",, Over-ull\ (width) 19 indle.'! x (heigh! ) 
8~~ inchea x (depthl 10}.<2 inches. 
Ne' W'ighl: 29 pounds. 

Code Word Price 
16$2,AM 
16S2,AR 

Resl""nc. limit .... Idg. (Cablne ' Model) ....... . 1I0 XOM 
UAOGl!l 

$ 365.00 
36$ .00 1Ie,ll lonn limit 8<ldg. (Rel"y R"ck M"d' II .•. .. 
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A PORTABLE POWER DISTRIBUTION PANEL 
FOR TELEVISION STUDIOS 

For use in small or temporary tele
vision st.udios, or as an auxiliary switch
board in larger studi os, engineers of the 
Canadian Marconi Com pany have de
sib'llCd and built the power distribu tion 
panel shown in Figure 1. Using VariRc® 
autotransformers fo r circuits where volt
age must be adjustable, this unit pro
vides a convenient means of supplying 
power to both camera and lighting equip
mcnt from any available source of ade
quate capacity. An important feature of 
the panel is the simple, yet effective and 
safe, link system, which permits the 
panel to be operated from anyone of the 
three common types of building power 
supply, as shown in the table below. 

All circuil-s, including the Board 
Master. Rl"C counoHed by circuit-break
ers, sel-vi ng liS both switch und overcur
rent protection, thereby eliminating 
fuses und their ntl.endant nuisances and 
difficulties. 

Pilot lights tire provided to indicate 
visually the condit ion of the panel at all 
times; a. " Lights ~ I a.ster" switch is pro
vided Lo permit all lighting equipment 
to be turned ofT without affecti ng other 
n.pparatus being fed from th(l board ; 
ammeters facilitate balancing the load, 
and indica.te when the loud limit of the 
pnne[ is approached. A voltmeter is 

••• ••• 0000-
J 

o. 
•• 

. . . . 
. . . . 

Figure 1. Panel view al Ihe pawe. cI"lribution panel 
showing conlrolt, p ilot lights, ciKllil breaker •• and 
lighling aulle ... The older Type 100-0 Variacs we.e 
... ed on Ihi, model. Lale. madel. lI'e th e modem 

Type V-20M. 

included to permit checking supply volt
ages under operating c~)Oditions. 

The following OliLput circuits ure pro
VielL'£!: Four Hubbell 20 amp. 2-wirc 
Twist-Lock recepl;uclcs for cameraequip
men t; four Duplex receptacles for auxili
ary equipmcnt; eight groups of three 
receptacles each, for st.andard 15 amp. 
Stage COllncctors (Klieg! No. 955, or 

TABLE 1 
Summory of Rotin g, 

S·l~IY St:rmCtJ Amps. Ph. Equipment Am1/', lor Max. To/al 
1 0 t8 lVirll3" lA)9 or 'h. Amp • . (I ) lighting Output Amps. {e} 

1/5 2 100 40 GO 100 
115-230 3 50 40 GO 100 
1153 Ph. 4 50 ro 100 150 

VfOI .. , (I) '" ' ;quiprnent AIDp"'" ohown iII.v~ .. p foc t ... ......,.mer:o. chain, \Dpthe ... ith a amall ''''''.n''~ of .uIili".y 
~u'"",elll. Aol\l.!l.1 ou...,nt dB,.,n .. ill depend on f!Quip", .. nt u.ed_ 

(2) ··Mu. Toul Output A",~. " ill \Dul of equipmen t .... d liKbtinc current8 at tit. volt.!. a nd i. limit«! by 
"",x;ulum main btt>\.k.". our .... nt. Therefore ""tual f!QU,pmeM woe<l wiH lOve. " ' '''"unt ,,' ""'.NII . ""ilahl" 
f<)r h"htin, \Ind •• 10''''' oiKUmste",,",". 

\ 
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(t eft) Figure 2. Reor view of the ~ 

uniT , howing camero outlet" 

( 

• • • • 
• • • • -, ~ 

<'qllivalent). Fou r of the eight. lat.t(' 1" 
groups are provided with d immer con
trol hy means of the two Variaes on the 
front panel. 

iii 
iii 

BOARO lIGHTS" 

! • 

• • 
iii 
iii 

0 

, 
, 

duple . ou lle", and lIIe panel 

for inpuT connection., wiTh link • 

... for adopting Th e c;r(vi' 10 dif

fe rent typ e. of power 'upply. 

{8elow) Figure 3 . Cir(uit diagram 

of th e po .... er di$l. ibulion pane l. 
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GRAPHIC RECORDER PLOTS LEVel 
,..... IN EITHER POLAR OR LINEAR COORDINATES 

!;ound Apparatus Company's .i\Iodcl 
I'FH Polincar Rccordcr is an extremely 
ndllptl1ble instrument, particularly suit· 
cd to the automatic plotting of the direc
tional characteristics of microphones, 
loudspeakers, nntcnnas, light sources, 
and other pattern-emitting or .rccciving 
deviccs. This general-purpose pen-and
ink recorder plots a-c or d-c electrical 
voltage levels in either ]>oiar or rectangu
lar coordi nates on linear, square-root, or 
decibel scales. 

F'rC<lucncy response characteristics 
cun be recorded automatically by COll

plinglhc recorder drive to the frequency
sw~ping dial of an audio·.frequcncy 
osciUator. For this purpose, the Gcncr:ll 
Radio T1'I'E 13Q.1-A Beat Frequency 
Oscillator is recommended. The bellt
frC<llLcncy oscillator is ideally suited fO!' 

this tY I>C of mcasurcmcnt, sincc it gi ves 
a logarithmic frequcncy variation over 
three dceades with a singlc sweep of the 
dinl. In addition, it dclivers 0.3 wn1t 

into 6(M) ohms with a total distortion 
of 0.25% or less. 

Figure 1 is a close-up view of the 
Sound Apparatus Com pany 's Polinear 
Recorder, and Figure 2 shows a com
plete setup for mcasuring frequency re
sponse characteristics in either polar or 
rectangular coordinatcs. Shown, lcft to 

fig .... e 1. View of me 'oI;"eor Recorder. 

right, are TnE 1301-A Beatr-FrC<luency 
Oscillator coupled with a Link Unit, 
the Polinear Recorder, and a Tcst Turn
table for thc polar recording of direc
tional transmission characteristics. All 
three units are electrically CODnected by 
synchronous motors. • 

The Sound Apparatus Company mun
ufactures the Link Unit and Test Tum
table as well as the recorder. Included 
with the Link Unit is a sprocket for 
attachment to the frequency dial of the 
oscillator. 

figure 2. Complete o .. embly for meo.ur'ng freq ... ncy re.ponse chorocterillies. 
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MISCELLANY 

RECENT VISITORS to the General From Norwoy: -
Ibdio plunt and laooratoriCl:i indlldc: ROI.F OI.Al:I;8 ~:N , Engineer, Bergen 

From England: 
1;1'. CO L. Ih ; x COWU;Y, Lebnd in

struments, Ltd. , London . 

From the Netherlands: 

PROF. R. ;\1 . :\1. Oo.;nMAN, fl cad, 
Laboratory of Automatic Telephone 
System, nnd PROF. G. H. BAST, Director, 
Netherlands Post, Telegraph , and Tele
phone Service, The Ilague. Both Pro
f(.'SSOr Oberman and Professor BMt iLre 
also associated with the Technicnl Uni
versity at Delft. 

From Fronce: 

P . BOUHGEAS, Textile Engineer, St. 
Sauveur de i\[ontagut, Ardechc ; FRED. 
.M OURARET, Moulin8ge et. Retarderic de 
Cbtwanoz, lserc; a nd Pn':R R.: D OU BLIEII, 

~1. La Croix, Lyon. 

Fish Industries, Bergen. 

From Itoly: 

DR. GUIDO C .... XDUSSI, Technical Di
rector, Ente Rad io T rieste, Trieste; and 
Bernado Caprotti, Man ifnttura B. Ca
protti, Milan; aud Giuseppe Fidecaro, 
Physicist, fnstiluto di Fisica, Citts. 
Universitaria, Rome. 

CR ED IT - The general concept of the 
TYPE 1652-A D-C Limit Bridge was 
suggested by C. A. Tashjian , Foreman 
of the Variac Department, as:1 result of 
experience with a sim ilar development 
at the Research Construction Company 
du ring World War I l. Development and 
design were carried out. by D. B . Sin-
clair and A. i\1. Eames, mechanical de- ~ 
sign by H. C. Littlejohn. 

TilE Gerl eml UmLio B,'( I'IWIM~lv1't:n is mailed I('i,hollt clwrge f!f.leil 
mm,t lt. t o en gin eers, scientist s, t ech"icitUl s , mill o lh ers i"terested 

i ll communica t ion-f ret/uell.cy Ine{l.s u.remenl. fllUI contro l pro blem s . 
• r/, e" sendirlg retl" es fs f~r subscriptions and mldress.cllOlIge notices, 
pletlse supply th e fo lloIV ill8 informalio".: lUI me, compcwy address. ' .rp e 
of Im ., i'WSIJ COlllptHly is ellgnged ill . and lil.le or "osition of i,lflicidulIl, 

GENE RAL RAD I O COM PANY 
215 MASSACHUSETTS AVENU E 

CAMBRIDGE 39 MAS SAC HU SE TTS 
TELE PH ONE: TR awb,idl' 6·HO O 

BRANCH ENGINEERI NG OFFICE S 
IItW YOlk '. MEW 'O~( 

II W[S' HUH 
TEL . WOr •• 1·1I11 

lOS AMGELO II. tAUFO. MI . 
1101 NOUH H WUD ST ~ EE T 

TEL HOII,w .. ~ I·UI I 

CH ICHO 5. IlUIIO'S 
HI SOU TH MICHIGAII UEIIUE 

TEL WU Ii~ J · lIn 

.' :;"' . .. , 
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