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In recent. yCI~rs there has been:\ steadily 
increasing amount. of actidty in the fre­
quency mnge from 50 kc to the lower end 
of the standard broadcast band. lu par­
ticular the widCllprcud use of frequencies 
in this band fot' various short.- and long­
range navigation spltcms for both ships 
and 1\il'cmft has leU to a demand for im­
pc<lance mca.slll'ing devices to allow simple, 
accUr.l.te mca.sUl'cments to be made of an-
tOIInllS, circuit components, and various 

networks. The TYPE 916-A R-F Bridge has proven to be a vcry u:scfui 
instrument for.making th i::; type of measurement in the broadcast band 
and liP to about 60 ;\Ic, but it is not velY satisfl\ctolY for usc at fre­
qucnciClil below abouL 400 kc. I n order to cover this rongc satisfactorily, 
a tnlXlificMion of 
the Tnt: 91&-,,\ 
R-F Bridge hus 
been dcveloped 
which is culled the 
TYI't~ OIG-AL It-F 
Bridge. This ncw 
bridge Ita!! 1\ nomi­
Ilal frequency 

fig",. 1. Po".' ~i.w of 
III. Typ. 916 .... L RodicJ.. 

fr.qu.ncy ',idg •. 

• 
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GENERAL RADIO EX PERIMENTER 

range of 50 kc to 5 :'l Ie, but it can be 
used at. r rcquencies as low as 15 kc with 
somc sacrifice in accuracy and scnsi­
tivity. Besides being useful at. lower fre­
qucnciel', it ruso has severnl advantages 
over the TYl't; 9IG-A Bridgein the brrod­
cast b;mu, the most im porltmt of which 
is an incl'cased sensitivity. 

The bmJ,ic circuit and mcthod of opera.­
tion of the new bridge are simi lar to 
those of the 'I'yp~; \)I(}-o\ RooF BridgeL 2.. 

A modified Schering bridge circuit is 
used in whicb the resistive a nd rCllctive 
components of the unknown impedance 
are measured in tenns of incremental 
capacitJInces. Tbe resistance of the un­
known is indicated on a dial calibmtcd 
from 0 to 1000 olmlS, and the reactance 
of the unknown is indicated on a main 
"cactance dbl calibrated from 0 t.o 
1l,0CI0 ohms at 100 kc and an incremen­
tal reactance dial c.'\libmtcd from 0 to 
100 oluns at 100 kc. The resistance 
range is independent of freq uency, llnd 
the reactance ra.nge is inversely propor­
tional to frequency. 

'SiDelair. D. B.. "" New R-F 1)";<III;e for UN lit Pr .... 
que",'; ... "II \.(I 60 Me." 0 ...... 01 RMilI 8 ... "..,..,., ••• 1<,. 
Vol. XV II • .No_ 3. A~t. 11142. 

"Sincl';., D. II., "A Radio-t 'requenny IIri.w. lor 1m­
oed.uee Me~uenw fronl 400 Kiloey-cl .. to 00 
~ltIIM!)'cl .. ," Pr1>cudint/. 11/ ,Ae I.R .E., Vol. ~II, 1\0. II, 
pp. 41l7-W3, NO'·~IIIber, 1\140. 

2 

Bridge Circuit 

' rhe basic btidgc circuit is sho\\'n iu 
Figure 2 and is the same as that of the 
'1'1.'1'}: 9IG~A. A complete analysis of this 
circuit has been published in previous 
articles, I ,2 and it will suffice to indicate 
here only the basic balance equations. 

The rela.tionships between the various 
bridge parameters necessary to obtain 
an ini t ial balance with lhe unknown 
terminals short-circuited are given by 
the expressions: 

II ~ liSe , c A, 
.v 

CPI = ~: UA 

(I ) 

(2) 

After the fi w~1 bt\lance has been made 
with the circuit under test connected to 
the unknown terminals, the expressions 
for the unknown impedance in terms of 
the bridge parameters arc: 

n. 
Rx = eN (CA~ - C_'ll) (3) 

x x ~ ~ (_1 ___ 1 ) (4) 
w CP1 CPI 

As can be seen froro Equations (3) and 
(4) the unknown resistance, Ux, is pro­
portional to the change in capacitance 
of CA , and the unknown react.ance, Xx , 
is equal to the change in reAct.ance of 

f illur. 2. aD.le circulI of the Type 916-A ond Type f lllUre 3_ Complete circuit diD ll rom of the Type 916-
916-Al R-f arid'i!e.. At R-f arid " •• 

c~ b 

R, 

." 

I' 
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• 
C,. and has the opposite sign. This is 
the serics--substitutioll method of meas­
uring reactance. As f\ result of these 
relationships, the e,. dial can be cali­
brated directly in resistive ohms with 
the calibra t ion independent of frequency 
and the C,. dial can be calibrated in re­
active ohms at onc froquency, \\;th the 
calibl1\t ion inversely IlI'oportionai to fre-­
quency. 

The ncw low-frequency bridge differs 
slightly from the higher freclucncy model 
in the method of setting the init.ial rt'tlcir­
ance bnlnnee, and in the type of stand­
ard resistor used. The cllpscitor C;, used 
only for the initial reactance inlhe older 
bridge, is calibrated in illt'..remcntnl re­
actance in the new bridge, and has a 
range of 0 to 100 ohms, with one ohm 
as the smnllest di\'i~ion. The initial 
)xdancc is made with an Ayrt.on-P cn y, 
wire-wound rhcostnt, n~, for the coarse 
adjustment, with t he incremental react­
anoo dial funtish ing Ihe fine ad just­
mcnt. "The incremenTal rcn.ct:ulf'C c.'l.li­
brMion greatly increases the accuracy 
of measurement of small reactaDces. 

The standard resistor, RA , in the low­
frequency bridge ;8 2250 ohms us com­
pared to 330 ohms in the high-frequency 
model. To increase bridge sensitivity, 
lhe reacta nces of the a-d-c arms, sho\\"n 
in Figure 3, have been lowered, and so 
CN and Cp a rc larger than in t he high­
frequency model. Hence, fo r 1\ reshnancc 
range of IOCIO ohms, RB must be made 

Iln . 
larger to get the same value of ell wluch 

is the multiplying factor for the resist­
ance cap:\citor in Equation (3). I t is 
difficult to mil.lluftl.cture a TYI'~: 663 

fig ..... 4. Sentil;""..,. .... f'.qu.ncy for It!. Typ. 9 16·A 
and Typ. 916·Al Ilric1gn Bolt! the PI CIne! the PISI 
T(aMf~n or. IlIppll.d with the Typ. 916.AL Th. 
PI T,oMfonn .. " ..... d 01 low f ... qll • .,d ...... ith the 

Typ.916·A. 

MARCH , 19-49 

Resistor of the required size, :md so a 
unifilar construction on a miC1l card is 
used , simi lar to those used in the TYPE 

510 Decade ResistoNl. At. these lower 
frcqucliciClfl the perfOrtnlUlce of this type 
of resist or is enlirely satisfactory . A very 
6ll11\1\ adjustable capacitance COIUlCC1OO 

in pamllcl with the resis tor compensates 
for small ditTerences in the reactance of 
different resistors resu lting from varia­
tions in tbe number of turns of wire. 

As can be seen from Figure 4, tbe cir­
cu.iL changes just ment ioned make the 
open-circuit sensitivity, t ha.t is, with an 
infinite impedl\nce detector, consider­
ably greater than tlmt of the Tnt; !)16-A 
Bridge. The input impedance to the 
generator termina.ls also is higher, which 
iuereases the sensitivity obtained when 
a. high impedance generator is used to 
drive Ihe bridge, and the deteet.or termi­
nl\l outpu t inlJ)edallcc is lower, which 
also tend8 to incret:I.8C the actual signal 
input to the detcctor. 

Operation 

The opc.mting tec.hniques for thc 1'vP£ 
916-A and 916-At.. Bridges are very 
si milar. 'r ho mlliD ditTerences nrc that. 
on the Tn>£ 9 Hi-A L Bridge com"Sc and 
finc initial reactance-balance controls 
arc providcd a nd that I he mcasured re­
actance is the algcbmit- su m of the dif-

QIIOo .""""" . .... , .. "."' ..... -

f .p~-- ' 
-;-T -"r-I--,' '-:-1---1 

, 
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feeenees between the final and initial 
settings of both the maio and incre­
mental reactance mals. The incremental 
reactance dial is mainly useful when the 
measured reactance is small ; however, 
it. also has been found to be vcry helpful 
wben a series of measurement-s arc to be 
made at the same frequency. as the 
main reactance dial can be initially set 
up scale at 1000 or 50 and a ..... ;de range 
of reactances of both positive nnd nega­
tive signs measured accurately \dtbout. 
changing the initial balance. 

As in the TYPE 916-A Bridge, the 
dielectric loss in the main reactance 
capacitor causes an error in the meas.­
ured resistance of 0. circuit having a 
large reactive component of impedance. 
In most cases the error is negligible, as 
it amounts to about 0.03% of the meas­
ured reactance for large reactaoces :lod 
is somewhat less for smaller reactances. 
A chart is provided to correct for t.hese 
errors when they fLre of importance. 

Accuracy 

The 'J'yPE 91S-AL R-F Bridge is par­
ticularly well suited to thc accurate 

• 
measurement of relatively low-imped­
ance circuit.s over the frequency range 
from 50 kc t.o 5 Me. The accuracy for 
resistance measurements i8 ± (I % + 
0.1 n). after correcting for the dielectric 
loss in the reactance capacitor at. low 
frequencies. The accuracy of tbe reac­
tance measurement. at t.be higher fre­
quencies is appreciably affected by 
residual parameters in t.he bridge cireuit, 
that is, stray capacitances and induct.­
ances, particularly when the resistive 
component of tbe measured impedance 
is large. In fact, these residual param­
eters largely determine the upper fre­
queucy limit of tbo bridge. For fre­
quencies up to 3 Mc, t he accuracy is 

100 
±(2%+ 0.2 X-I n+ 

" 3.5" .. '8 X W-"'!l) 
where R is the measured resistance and 
/ka is the frequeucy in kilocycles. Tho 
errors in reactance when circuits having 
large resistive components of impedance 
are measured incre.'LSC rapidly at fre­
quencies above 3 Me, a nd at 5 Me the 
accuracy i8 ±(2% + O.OI!'! + 2.3R1.4 
X lO-3n) . 

COMPARISON OF THE TYPES 916-A ANO 916- A L BRIDGES 
FOR OPERATION IN THE BROADCA ST BAND 

The TTpt; 916-AL Bridge has some 
advantages over the TYPE 91G-A for 
many types or measurements, even in 
the broadcast band. They are: 

I. The sensitivit.y is higher. lncreased 
sensitivity is, of course, helpful if the 
generator output or detector sensitivit.y 
islo\\', lLnd in some cases it reduces t.he 
effect of leakage. In antenna mc!\Sure­
meots the relative effect of extraneous 
signals and noise picked up by the an­
tennn. under test., which tend to obscure 
the null, on the accura.cy of setting to 
the null is proport.ional to the product 

of the sensitivity Ilnd the attenuation 
of the bridge between tho circuit under 
test Ilnd the detector. In the normal 
connection of the generator and detector 
the TTPE 916-AL Bridge is much supe­
rior to the TYPE 916-A in this respect ; 
however, a great improvement. in tbe 
attenuation of undesired signals can be 
made in some cases with the TYPE 916-
A Bridge by interchanging the genera­
tor and detector connectiolls.3 When 
this is done, in m:my cases t.he product 
I Soderman. R. A .. "Sftuiitioil,f III the TT1'1l91&-A R-F 
Bri~." G.,..,.d/ Radi<t H~_I .... VoL XXII. S ... 8. 
pp. 3. 4. JUlian'. 1048.. 
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, 
of sensitivity Rod attenuation may not 

,-... be greatly different for the two bridges. 
2. Small reactances can be mensured 

accurately and conveniently and often 
much time can be saved by elimi nating 
the need for frequent changes of the 
initial balance to obtai n high accuracy 
when a aeries of measurements are made 
a t one frequency. Even in applications 
in which tbe increased accuracy of the 
react:lnce measurement is unnecessary. 
the incremental reactance dial may be 
helpfu l as the expanded scale makes it 
much easier to read than the reactance 
dial on the Ty"PE 9I6-A. 

The TYPE 916-AL Bridge hn.s at least 
one disadvantage compared to the 'J'yP~J 
916·A, which is that the ma.ximum direct 
reading reactance ra nge is smaller. At 
I Me, the reactance range on the 'J'n'E 
91()..AL is ± 1100 ohms, while it is 
± 5000 ohms on the TYPE 9 16-.40 . Jlow­
('vcr, the rcact.'mce range of lhe l'ypt~ 
9 1G-A L is satisfactory for mosl mensure-

M A RC H, "4' 

.. 

, 

" 
• 

J 

, 

figu, • .5. M.a ..... d inpu' imp.da"". af a COGltial 
'ra""mi .. ian lin' , •• ding a l-.I.m.nl anl.nna array. 

Figu'e 6. Mea,u,ed and cakulated input Impedance af a ca<I,tanl ·I( · 'ype flile •• 
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menl.s made 0 11 broadca. .. t antennas and 
matching and phasing networks, and, if 
neces&,\ry , circuits having larger react­
ances can be measured indirectly by 
eon necling a shunt capacitance across 
the unknown terminals of t he bridge. 

Typical Measurements 
Some of the appli cations of the bridge 

are the measurement of resistors, capaci­
tors, inductors, conventiona l and t.mns­
mission line net.works, a nd antennas. 
Following are two exnmplcs of typical 
measurement s: 

fo'igure 5 sho\\'s the result,; of a series 
of measurements made on the trans-

• 
t hree-clement antenna array with its 
associated matc.hing and phasing net­
works. The probablc accuracy of the 
gcne rator freq ucncy is about ± l kc, 
which explains some of the spread in the 
poinls from a smooth curve due to in­
accuracies in the measurement of fre­
q ucney. 

The results of 1\ series of measurements 
of I he input impedance of a eonstant-K 
type, low-pass, 1f-t:rpe filter over the 
frequency range from lG kc to 300 kc a re 
indicated by the circles in Figure 6. Tbe 
solid lines drawn on the graph a re the 
theoretical values of the resista nce o.nd 
reactance calculated from the circuit 

mitter end of a coaxial line feedi ng a const:lnls. - R. A. SOOEIUIAN 

SPECIFICATI ONS 

f,. " ",.n")' Ran ge: 50 kc 10 5 ~fc. 

Ruclan .. Rang., 11,000 n aL 100 kc. T his fange 
vllri('S invcl'SI'ly as the fr!''llLency, and at other 
fr{'(IUenrie~ tb.' dial "'Ilding~ U1u"t !J.c divided 
by thl:' frl:''lucney in hUl1d",ds of kilooyclce. To 
flu;ilitalc tl)(' mCSSlIrCml:'nt of email rCllctanccs, 
t.he instrument ill provided \l'ilh I\n incrementsl 
rCMb.nee d ial \l'hich hall II, range of 100 ohm!'! 
ilL 100 k(!. 

R .. ll ianc. Range , a to 1000 U. 

A ....... c)': For 1'1:1!.\JIII,JJce lit frct\ucncies III' to 

3 -" Ie, ±(2"'~ + 0.2 X ,lOOn + 3.5/kc11l X •• 10- IQrl) where R is tl .e measured fOsislance in 
ohme aud ike is tbe fllXtucney in kiiocyck'S. The 
('rrors in reactantl:' incrc~ rclntivcty fII piclly lit 
{I'('qllcneios ahove 3 ;\Ic; Rlld at 5 Mc tile arru­
racy ill ±(2'70 + 0.0\11 + 2.3 Riot X HHO). 
FOf resistAnce, "t froqlleneics up to 5 Me, 
-±-( I ''f, + 0. 1 p), subj.:d to l.'()fI'(.'ction for 
r('.~idUAI parametere At 101\' fl'C<llI(lflCies. The 
I'Orreetion dCI)(!llds upon the frl.'tlucncy and 
upon the magnitude of lhc unknown l'C!I.elunee 

Typ' 

916·Al I Rod 'o-f,.q ... ncy B,ldlle& . 
' l ' .". r.,~n' ~.:r.O.304 

coruptluent. ,\ plot. of Ih is oorrr.etion is gil'rn in 
the instruction book supplitd with the bridg~. 

A ..... o'i .. S .. ppll.d , '1'"'0 input tran.~forrncrs. 

on(' eovt'rinl!; the mnge from 50 to " 00 kc, Ihe 
ot her from 400 kc 10 I) " Ie; 1'1"0 k':lds of differcnL 
length.s (fnr llOUIH.'(;ling the unknown impcrl­
ance) : two T VI'!) 774 coo)Cinl Cll.lolcs for connoct.­
ing generslOr And detector. 
Ace . .. o,i •• R. qu i, ed: A rad io-f rcqUCIH'y gcu(! ra­
lor and a deleotor Are required. T he Tyt·.; 
1001-A and the Tn'''; SOS-C Signal Genera.tors 
arc lYIt.isfsctory generAtors, II.S are the old ... r 
TYI' Ic: Ii05-IJ and the T Yl'tl 6S4-A l\ lodulated 
Qseilll!.l.or. A well-shielded radio receiver cover­
iug the desi red fl1,.'<l uency mnge ill reeonunendccl 
1\,;1 tho dCh.'clor. 

Moun, lng , ,\irpinnc-Iuggngo type e/l..SC \\'ith 
Cflrrying Imndlcs. 1\o1h input trllnsJormers Me 
moun t.ed insido the 1:R8C. Cotixinl eahlC!!, leads, 
lind instnlclion book aTe illOrcd in the cover of 
t he instrument II'I,en not in uso. 
Olmonllonl: 17 X 13 ' t X llH inches o\'erall. 

Nel W.lght, 34 ,.1 pounds. 

Code Word I'n(% 

c a.uc" $450.00 
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THE MICROFLASH LOOKS AT 
SHOTGUN COMPENSATORS 

Game bini hunters and skeet shooters 
among our renders will be interested in 
the article entitled "Shotgun Compensa­
tors," which appcarl'f.i in the October, 
19.tS, number of 'fhe A meriClJn Rifleman. 
Detaili ng the results of an investigation 
by Nationfl.i Rifle Association's Edwards 
Brown and ~ rllS&lchusctts lnstitute of 
Technology's Harold E. Edgerton, this 
article compares the performance of 
eight well-known types of chokes and 
compensators under a standardized set 
of conditions. 

fiuu,. t. 

Photographs of the shot patterns, 
taken at one-milljonth of a second with 
the Geneml Radio l\1icroflash, at the 
muzzle nud at distances of 10 inches and 
10 feet from the muzzle are shown, as is 
the perccntage of total shot contained 
in a 2O-inch circle at 20 yards. l\-[easure­
ment of percentage reduction in recoil 
were also made by means of a ballistic 
pendulum. 

The set-up used for photography is 
shown in Figure I , and Figure 2 is a 
t.ypical shot-pattern photograph at 10 
feet. from the muzzle. 

GEIGER-MUelLER COUNTER TUBES 
For Use with Type lS00-A Counting-Rote M.t., 

Two cou nter tubes, as listed below, 
arc now available for use with the 
General Radio COllnting-Rate Meter. 
They differ mainly in the thickness of 
the mica. window. TYPE 1500-P4 bas a 
thick window (3 to 4 milligrams per 
square centimeter), while TYPE l5OQ-P5 
has a window density of less t.han 2 
milligrams per square centimeter. The 
lhin-\\indow tube, TYPE 1500--P5, is 

lVindow 

1 SOO.P4 Mle" 3 I" .. mg. p. r . C!. em. 
ISoo·'S Mle,, - I ... lh"n 2 mg. p. r .C!. em . . 

• For uport. d 10% to th .. e pri .... 

intended for detecti ng low· energy par­
ticles such as Beta radiation from 
Carbon 14 and Sulphur 35. [n general, 
it. should be used wherever t.he particles 
to be counted have energies below s uouL 
0.3 mev. For higher energies, the thick­
window t.ube, TYPJ:: 1500-P4, should be 
used. 

These tubes supersede TYPES 1500-P2 
and 1500-P3 previously listed. 

COtk Word Pria 
WORRY LOBBY 
II'ORRYLOCAI.. 

$$0.00· 
7S.oo· 
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~ OUURAl RADIO EXPERIMENTER • 
BACK AT THE OLD STAND 

General Radio's Los Angeles office, 
nfter two and a half years at n. dilTerent 
address, is now back at its original 
location, 1000 North Seward Street. 
Under the capable direction of Frederick 
Ireland , of tbe factory engineering staff, 
this office is equipped to supply to 
West Coast customers any desired 
information on the characterist.ics, 
price, and delivery of Geneml Radio 
products and to recommend equip-

ment to meet specific requirements. 
Many orders for popular items and 

parts of our manufacture enn be shipped 
from stock maintained at Los Angeles. 
For items not stocked, trus office wi ll 
forward your order to our fnctory and 
"''ill have information on hand regarding 
the date of shipment. 

Please note that the telephone number 
at our Los Angeles office is HOllywood 
9-6201. 

MISCELLANY 
PAPERS - At. the 1949I.R.E.National 
Convention, "A Device for Admittance 
:\'leasurements in the 50- to 5O()...Mc 
Range," by W. R. Thurston, Engineer; 
and "The Measurement of Non-Linear 
Distortion," by A. P. G. Peterson, 
Engineer. 

RECENT VISITORS to our plant and 
laboratories include Mr. J. P. A. Lochner, 
South African Couocil for Scientific and 
Industria.l Development, Pretoria, South 
Africa; and Mr. J. V. Foil, Managing 
Director, Muirhead and Co., Ltd. , 
Beckenham, Kent, England. 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE : TR owbridle 6· HOO 

BRANCH ENGINEERING OFFICE S 
NEW ,on I. NEW YOU 

II WEST snUT 
TH. - WO r*- J·un 

LOS ANULU II. CAlifORNIA 
III. NOUH SlWUD STun 

TEl.-IIDII, ... ~ I·UIl 

CHICUO I. ILLINOIS 
UI SOUII MICIIIUN AHNU 

Hl.- WUI.' J·JIII 
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