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FEBRUARY , 1950 

Mall •• U. 5. A.. 

A NEW BRIDGE 
FOR THE MEASUREMENT OF IMPEDANCE 

BETWEEN 10 AND 165 MC 

IN T HIS ISS U E 
Pllfle 

;\I!SCELUSY . ••.. . . 8 

• WITH the illcreu>ling WIl' uf higher a nd 
higher fl"CqUCllcit's in radio fiud electronics 
has come a demand for 1\ bridge for the 
mea!Surcment of impcuullc('s of antennas, 
1i1ll'S, networks, :tud I'omponc/lts with the 
accuracy and case of uperation thut char-
tlctcrize the Tn.: OW-.\ H-F Bridge' , 80 

widely used at lowN frC<lucllties. To meet thi" demand 1\ new instru­
ment, the TYPE 1001-,\ \' - ll-F Bridge, hus I)(>('n dc\·cloped. which 
extends the mngc of conventional bridge tcthniqucs up to about illS 
.:\Ic. It can be used at fl'C<lucncics at [Cllst as loll' ns 10 :\Ie. This bridge 
is particularly well Ild!lptcd to the measurement. of conxinl-line cir­
cuits as well as lumped pammetcr circuits. 

'I'm: THE 1601-.\ \ '-II-F Bl'idge is designed for the dim:t measure­
lDent of relatively low impedances, but will mea8Ur<' high impedances 
indire<:tly. The resistive und reacti,'c components of the unknown im-

'Si,,"' .. ;,., D U -' ".\ .;\~ .. I(.F lk~l~t for L'", U F~ue"tieo "I' to 110 J.I.," G"mol Rt>dio Eltptri-_ur, \<>1. X\ II, ;\U. 3, .\ ....... 1. Hl12. . 

Fi" ..... I. Ollde" P,e.tholol, CIS 
_lIin •• r. "";"11 tt>e Y.H.F B,ioll • 
10 m.o .... '. III. " .... anl.Nlo of 
WCBS_TV. on II>e o.'y.I., B"ild_ 
ing_ Sam. al III. , •• ulls of ,h. 
m.o ...... m.nl or. shown in fill"".' 

7 ano 8, pag. S. 
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pednnce arc measured in termfl of in­
eremcntal t'upacilanccs and arc indi­
caU'<! on sepllratc dia ls. The dirCCl­
rending resistance range is from 0 to 200 
lIhms !md is independent of freq ucnty 
except. for small corrections. T he d ircct­
rc:lding react... ... nce range is from 0 to 
?JO ohms at 100 :\[e lmd is inversely 
propol'lional to frc<lucncy. To insure 11 

high accuracy of mCll8urem ent on coax­
illl line cireuiLs, tl. conxial conncctor can 
be mounted directly on the bridge ter­
minals 80 that errol"$ due to connections 
between the bridge und line are kept 
~mall. For meaSUIXUllents on other types 
of ci rcuits, a pair of terminals (one 
grounded) or a single terminal l\DeI a 
grollnd plane arc provided. 

BRIDGE CIRCUIT 

The basic hridge circuit is shown ill 
Figun' 2 and is the same as that of the 
I"WCl' fretl uenty Tn.,; OI6-A Bridge, A 
('om])lote Ilnll lY8is of I his circuit bas hoon 
publil'hcd in pre\'iolls fL l,tic l cs~ and it will 
suflice to indicale here only the hasic 
Imlullce equations, 

The rc.lationships bcLlVccn lhe \'ari­
ous bridge ptlfil.lDeters nccessary to 

'~","I.". I) 8., "A l!.o.dkl ht<jl,lUlty IIridl.~ r"r hn· 

\ 
.. I~"'" ;\I_ ... ,,~~n .. I .. "" 400 kc to 00 \I~." I'l'Ilc. 
HE. \ '01. ~S, N .. , 11 .1'1' 41)1.r.oo. Nn"e>n~~, lfHO. 

thln",1 figu.e 2, Balie bndge citwil. 

tRIg"" figure 3. Cam ple •• Idlemallc 
(in:utt. 

'. 
OEl 

z. 

, 
ohtfli n an initial bala llce wit h the un­
known short-circuit ed a re gi\'en by the 
CX p ressIOllS: 

R. 
Ill' = ex C ,LI ( I I 

(2 ) 

After lhe fi nal blll!mce hfls been made 
with I he circui t under test connccted to 
lhe unknown terminals, t he ex pressions 
for the unknown impedance in terms of 
the bridge pnrometers are: 

liB 
Nx = C.,. (G"2 - C",) (3) 

As can be seen from Equations (3) and 
(4). the unknown resistance, Rx, is pro-
1>OI'lionai to the change in capncilance 
of CA, and the unknowll reactance, X x. 
is C<lual to the change in rcuctnnce of .-" 
('I' and has thc opposite sign. r n this 
scries-tmbstitut.ion bridge, the e" dia l 
C!Ul be ca li bra ted directly i ll resis t ive 
ohms, with the cali bJ;iltion independent. 
of frequency, and the Cp diul cl\n be 
calibrated in reactive ohms III one fre­
qucncy, with Ihe calibra tion invenrely 
pmportiollal to frcquency. 

I 
I 
I 
I 

'-~/ __________ J 
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Figure Jo . Vie .. of III .... g ..... ,. 
mil mod.1 01 th. V·H·F Mdll_ 
with coo.Jol oc/apl.r ;"lIoll.d 
on It>e ... ~noW" lerminol 01 the 
lOP 01 th. cob"'.'. Po"e' .11. II 
oppro~j",QI.ly 11 ~ 9 I""h ••. 
Production mod.1 ho. 0 lo' ... e' 
lI'ovncl plo" Ground !he ""lenawl\ 
,.,,,,nat and ;. equipped wilh 

corryirlll hondl .... 

.\ lthollKh the bas il' ei rcuit is ~imil!lr, 
the method of obi/lining the lnll jul r~ 
nclanc'{' blllnnce in the V- Jl -F bridge 
differs from thnt of Ihe T\'I'~: 9 JO-A 

_ Bridge, .As shown in the complete {'ir­
cuit diagram in Figure 3, the initial re­
actance bnlullce is made by meuns of the 
cN-rholl rheostat R,I' The re8istor R.t 
('on trois the renCL'Ulel' balance as can be 
seen from Equation (2), but has no elIect 
on the dial calibra tions as long as the 
vulue of R JJ is DOt. ('hll.ngl..-'d bet.ween the 
initial and fi nal bal(lDces. The L-C 
switch indicated io the schematic iii used 
to provide ma.ximum fineoess of control 
o \-er a very wide runge of rcsislllllce 
,'s lues by A.llowing IlSIDIlIl resistor to be 
shunted across the variable resistor. The 
initial resistance bulnnce is made by 
means of a small variable cllpacitor COIl­

llI~ted in parallel with CA' 

DESIGN CONSIDERATIONS 

The actual bridge circuit is more com­
plex than is indicated in either Figure 2 

",...... or 3, owing to the presence of various 
stray inductances aod capacitances. In 
general, these residual parameters cause 

FEBRUARY , 1950 ~ 

crron; in Uw bridge l'elldiogs, and the 
most difficult problem in the design of 
the bridgf' was lo keep tlwse errors with­
in acceptable limits hy minimizing the 
rc;oid ual plmuncters or placing thf'm in 
parts of the circuit where they cannot 
enuS(' err0l1l. 

A COID I)lele discu8$ion of the bridge 
d<'8igo is too lellgthy to incorporate in 
tbis article, but a few of the more im­
portant ('on!Sidemtion~ will be men­
tioned. 

Standard Reljltor 

The stanciUI'd resistor, R n, must be 
!;O designed that it inserts a prurtiC!l lly 
pure resistance between the top and right 
bridge junctioo!; in Figure 3. Any feact­
noee present causes !UI ('I'ror in rcactance 
wh ich is proporlional to the magnitude 
of thc measured rcsistan('c, Of (,OUn;(>, 

every resistor has somc captlcitan('c and 
inductance which ('IlDnol be eliminnted, 
but if t hc inductance lind (,lI.paritanc(' 
arc so proportioned lhnt the squure root 
of their ratio iii equal to thc rcsisttlllce, 
the resistor wi ll ha\'c 1\ vcry small cfTC('­
t ive rcaCllllltC nt fr{'quem'ies li p to a n 
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apprcdable fmeHon of the resonant 
frC<lllency . For best oompclls:ltioll, 
therefore, the inductancc aod rapaci­
tilllee should hnve lhis relationship, and 
the)' should bolh be us small as possible 
in order to keep the rcsonnnt frequency 
high. In the \--H-F bl·jdge the stl'lndard 
resistor is a cylindrical palladiu m-palla.­
dium oxide film ret'istor fitted with 
threaded end caps to eliminate the 1lee<1 
for high inductance wire leads. In thc 
c:in:uit the lolal capacitance across thc 
resistor is 0,31 }Jp.j, and the inductance 
is about O.Ot \1 p.h which gives a vcr)' low 
reactance over the operating frequency 
r'tUige of the bridge when the resistance 
il> 250 ohms, 

Resistance Capacitor 

Another serious residual parameter is 
the scl'iea inductance in the capaci tor 
C I used to mcasure resistance, 

Equation (3) indicates that the meas­
ured rcsistance is proportional to the 
chnnge in the effcl'ti ve capacitance of 
this ('apllcitor, At l\igh frequencies, the 
effective capacitance differs from 1 he 
low frequency capacitance duc to induct-
11Ilce in the capacitor, and the bridge 
tends to read low in resistance at high 
freq uencies. In a conventional capacitor 
it. is impossible to reducc tbe inductunce 
10 a negligible vnlue j therefore, ill order 
to minimize the magnitude of this effect, 
a compensating circuit consisting of an 

(Below) "gure S. 'roo •• eclion of bridge Ironoformer, 
(Righi) Figure 6. ero ... ec,ion of unknown ' ermino! ond 

(oo~ jo' odop' er, --r _· _c~ 

. ;= --
j-, ,~ . 

~ r:- .. -~ . . I ; .. -
...l-" - .~~ ) ~--

'----J -. . . . 
• 

• 
inductance and capacitance in series is 
connected across the capacitor C,\ •. The 
compensation is not perfect, but Lhe 
magnitude of the corrections is appre­
ciably rOOuce<1. 

Transform er 

The heart of the bridge is the trans­
former. The cou pl ing Oct.ween the pri­
m:)ry and secondary windings must be 
al most purely magnetic, si nce auy elC('­
tl'ostatic coupling betll'ocn the windi ngs 
effectively places a reactnnce in pa rallel 
with C", and the unknown :mn, which 
may cause scrious errors. As shown in 
Fibrul'e 3, the primary und sccondal'Y 
\\'indinbtS are separately i1hielded, with 
t he primary shield connected t.o the 
instru ment. case, Figure 5 is a cross­
s(!('tion:li view of the t.rnllsfol'mcr used 
ill the bridge, )lagnetic cou pl ing be­
Lween the primary and sc<:ondllry wind­
ings is obtained througb !l sCl'ies of slots 
in the adjacent walls of the two shields. 
The direct capacitance bet.ween shiclds 
is part of C,\' . Although the coefficient 
of coupli ng is small, adequate sensilivity 
is obtained and the electl'o.~t.atic shi eld­
ing is excellen t 

Unknown Terminal 

In any bridge, terminals of some t.ype 
m\lst be provided for connecting tbe 
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• 
unknowil ci rcuit to be mClIsured . At high 
rrequencics the design of these tel'· 
minllis is important, be<:tluse stray in­
ductances und capacitances will seri· 
0118\Y affect the measured impedance. 
The ultimate termi nal design would be 
one in which the terminals produce no 
transformation of the unknown imped­
ance. The terminal arrangement used in 
the \,·I-I-F bridge, !;hown in -Figure 6, 
hilS been designed to a pproach the idea l. 
Oue actulll term inal is provided, and the 
instrument case acts as the ot.her ter­
minal . 

For measuremellts usi ng the terminals 
directly, 1\ shorL-circuiti ng cap is pro­
vided for setting up rhe initial balance. 
'rhe cap serews in to the instrument case 
li.nd contacts l he high unknown ter­
minal, thus providing a very low in­
ductance short. circuit. After the initial 
balunce is made, lhe cup is removed, and 
the circuit. to be measured is connected 
between the high unknown terminal and 
Ihe instrument. case. A snULIl residual 
capacitancp of 1 J'},f bet.ween the un· 
known terminal and the instrument 
case appears in parallcl with the un· 
known circuit. [II some cases t.his capaci· 
lance lias an appreciable effect on the 
measured imp()dulI(.'c, and the imped­
a nce indicated by the bridge must be 
com x:ted for it in order to obtain the 
true imp<."'<iancc. A chart, provided in the 

fEBRUARY . 1950 

instruction book , greatly si mplifies the 
task of making this correction . 

For measurements on coaxial systems, 
!\. conx ial adapter is supplied, which 
elimina.tes errors from connecting leads 
and from t.he residual terminal capaci· 
iance. This adapter, showu in Fib'Ure 6, 
is a short section of 50-ohm coaxial line, 
with a Typ~; 874 Con.. ... ial Con nector on 
one end and fittings to mount. it Oil the 
bridge a t. t he other end. 

'l'ennina.1 capacitancc compensnti on if; 
provided by adding series inductance in 
lhe center lead , so tha.t the termimtl 
capacit ance and the induct.ance form a 
50-ohm artificial line whose only effect. 
is to increase slightl .v the electrical 
length of the adapter. T his series induclr 
ance is obtained by increasi ng fhe char­
acteristic impcdalll'e of t\ short section 
of the adapter line. An important ad· 
van tage of this coaxial adapter is that 
the standing-wave ratio of a coaxial 
system being measured is not. affec ted hy 
the ter-minn! cIlpacit ance of the bridge. 

For meAsurements 011 50·olull coax ial 
systems, the only c!Teet. of the adapter 
is to incrc!l.SC the clt-ctrical length of the 
5O·ohm conxinlline that would ordinarily 
be used to connect the unknown net.work 
to the bridge. The total electrical length 
call be det ermined from a reactance 
meu.smcment with the far end shorted . 
Then, from an iml)cdance measurement 

Figu,e 7. Piol 01 /tie impedance 01 a .i"gle eletne'" Figure B. PIoI of lIIe Impedance of /tie enti,e 16. 
i" /tie WeBS·TV <lnlen"a. Number. on Cu .... e "'dlcele el.",en l arrey, a •• een from Ihe I.OMmitte •. 

frequency In megacycle •• 
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with Lho linc tCl'miDtl.ted in the uoknown 
impedancc, t ram:mission line equations 
or chnr~s Cfitl be lIsed to detemline the 
unknown iml)cdlllH'C, 

CORRECTIONS 
Ali previollsly mentioned, residual 

pI\mmet.crs canse smull crro]os in the 
bridge measurement,,", The mOS1 serions 
of these is t he effect. of inductance in Lho 
capacitor C,I lIs(",<1 for measuring re· 
sistanc{'. T hc elTor vurlC:> with fre· 
qucncy and with Lhe magnitude of t.he 
r'esistallce IlH'ftSUroo. A chart is P]'o­
vided to corr(>cl the bridge readings for 
this effect. 

He.sidunJ p:lrumf'ters also ClIlISC :~ 

small e]Tor in resislance which is propor· 
tionalto the magnitude of t.he rClletuncc 
measured. This error is so !'mall that it is 
important, only when Lhe resistive com· 
ponellt of a high Q circuit is mcasured. 
When important, tilt' error call be re· 
dllCed tlppre<'iably through t he uS(' of 
Ihe con'eClion chart supplied. 

At. t.he highest freclucllcies, distributed 
inductance and capacitance in the I'C­

uctnnce capacitor, C", l'lluse a ElIllull 
i.·rror in rellctimcc. A chart. is provided 
for cOlTooLion when thi l> effect is im­
I)ortil nt. 

figwe 9. I"pur ImpeclaJl(e 01 0 2<100-10011""0111 
af G"lleral Rocllo Type 87 <1· ,1,2 Coa,,;ol Coble. 

,~ , 

-/ ...' II t\ 
'"\ \ / I\'/, , 

\,/ L',J 
. 

. • .. • -, - .- ! 
• 

'r- r. 

.·r~·.f., 
! . I .. i 

11. \ ,/ 1/\ V, 
~/ ), \! \ .I • 

i -.V _ .. 

• 
TYPICAL MEASUREMENT S 

,'ome of the a pplication,,; of the bridge 
arc the mCWiUrcmen t. of resistors, cllpnci­
lors, induct.ors, ln1.nsmission·lhlc n l'\'­

works, and an(t' IllJa.S, f ollowing are a 
few fypical examples. 

Figu res i and 8 shOll" the 11..'8UltS f)f 
mr>tlS llremen!" made by WCBS-T \" on 
t hei r new telc\'i8ioll anwnlUl loeatecl nellr 
t he top of the CllI'.vsler Building in ~e\\­

York City. The antellll:l consists of 16 
radiating clements, four 011 el\('h of t he 
four faces of the build ing. Figure 7 
shows the impedn ncc \'Ilria! ion of an 
illll ividuul clement over t he opera! ing 
frecluency band, and Figure 8 shows the 
impedanee of t he whole RITay as S('('n by 
lhe u'n nsmittel'. 

F igure 9 shows the input impeda nce 
nll'itltion wit h f.-e<IUCIlCY of a 24()()..foot 
length of 50-ohm coaxinl c[lble, The 
c:lblc is suflicientl,v long as 10 act :IS nil 
infi nite line, and t he \'[lrll'ltion8 in im­
pedn nce ure caused by variations in till.' 
chtlnlcteristic impedance of the cNblc 
:dong its length. 

F igure 10 shows the imp(.·d flllCC \":1.-ia· 
lion wilh frequency of a 2100 J.lfJ.f i'l' ,,~~ 
848 Variuble Air Ctl. pacitor in the vicin­
ity of !lnli-resonance. The resonance is 
actually II trnnsmis.<;ion-l lnc resonance 
because the cll.pacitor is electrically simi­
IIlI' to a high-<:ilp:lcit:mce trrl nsmission 
line as shown in the equivalent circuit. 
T he anti-resonance ind icated is the half· 
wavelength rCSOIlSl]](:e, Another reso­
M nce was measure<1 at about 142 mega­
cycles where t he line Wll8 electrically u. 
full wavelength long, The %·wave­
length resona nL condit ion, simi lar to 
series resonance, is also apparent in t he 
figure, but. its fr'equency is shi rk>d from 
t.he true resonant frequency due to the 
series inductance of the leads in the 
capacitor betwoon the stnck and the 
tenuinals. 

- R. A. SO DERMAN 
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<IN'I'IC.(f/UU fROM ST"~ 
OoIlE:(lTLY TO IlI'ICUIO 

FlO"" 10. lIe ,Io ' " ",e ond ,e"CI"",. o f " Type 8"8·' Varia ble AI. Capacitor 01 freqvend .. 
obene il> no<rnQ I op.,,, .... g rono" Appro~l",o ' . e q lllvalen' circuit of the co p ot;llor h .ho_ b elow 

!he p lot. 

SPECIFICATIONS 
F"queM, "'''ee: 10 Me to 165 Mt:. S."ti;;{actory 
operlltiou CtUl, for !!Ome lIleasurementll, be ob­
tained at fre<,ueueics .101\' S;!! 2 Me !I.IId 1!18 high 
1\.1:1 175 1\l c, but the bridge sen.sit ivity dcercll6e8 
markedly nt frequellch~ beyond the nominal 
flUlgCof 10 to 16.') Me. In addition, t ho !,C('uflley 
of mC:'UlUrement of I1l11nll renctullce;! decrcl1./!ell 
WI Ihe 'requeuey decretl.-.es. Ol\'ing to Il\('k of I' ro­
ds;()!! in relldi.ng the reuctallOO dial, II'hoJ'f' flUl ,!W 
ii hl\'e~ly proport ional to frequency, Ilnd Rt 
frequcncie8 lloove the nominal range the OOrteo­
tioull become l&rger. 
h .. ck ..... RO"lIo: ±230 ohIlli! at 100 Mc. Dial 
1"IlfIj[e varies iO\'ersely with frequeut')' find is 
cnlibrllted at 100 MI'. 
R .. I,,,, .. co RO"lIo: 0 to 200 ohms, independent of 
frequency. 
Accu.ocy: For re5U:it./llu:e, ± (2 70 + 10) 8ubject 
to) correction for indu.:tnnee in the cU\lneilM 
used to lIIe/!.8ure re.ristll.n..:e. T he oorrecuOIl in­
nellllM wllh frequency and t he mngnitulie of 
the reiliiltive com ponent. A correct ion uhll rL ill 
suppJiet.l with the inSlrument. T he ohmic un­
certRint;v indit'Rled in t he accuracy ~t.lI lernerlt, 
unmely I ohm, i8 roughly proportional to t ho 
magllitude of the reactive COlilponent of t he 
unknown impcdwlce. The ilidictllOO vlllue iii the 

TVp' 

1601-. 
174-WM 
174-01 

·U. ~ Pftt~Qt ..... 
IU.!'l. I'o' ~"t Xu 

I V.H-' &rldllo 't . . 
5O-0hm T .. mlnollo .. ' . , 
Adopt.. 10 Type N Conn .. lo ... • 

~.1~5.816 : "I.., "M~II ."1'1;"'1 '''r 
:l,31'6.39~ 

mn.ximum ohtllllli!.ble, /lnd the minimum is 0. 1 
ohm. 

For I"1!8(:tance, ±(5% + 211). The ohmie 
uncertllinty ill roughly JJroportionai to fre­
quen cy lUld to the ma,gmlude of tbe resisti\'e 
component.. The maximum value ill indicat.ed 
(UI( I t he mhumum vulue is 0. 1 ohm lit 1001\1.:. 

A ... " .... I .. Supplied: TwO) T n'l'l 874-1t20 Cu­
bles; ODe Tn.] 1601-20·1 CoII.:~jt\ 1 Extension 
AssemhlYi one Tn!: 874-WN Short. Circuit. 
TerminatiQni one Short-Circuiting Csp. 
Oth.r A ... u ori., R.-qulo.d, It-I-' generator and 
recei\'er oovering the dl!:l!ired frequency range; 
T 1'I'F. 1208-.-\ OScilll'ltor is recommended {or 
freq uencies ahave 66 Me. Ooth O8CilllIIor IUlJ.I 
I't'C('h'er alw>ultl be rMIlOnnbly well shielded. 
Addi!lonol Acc.norln ltocomm . .. d"' : A T \ 1'1: 874 .. 
WM 5()-Qhm Termilliltion iii Ut!clul in .:hecking 
the bridge. The hridge ill cquiplKld with 1'\'1'''; 
874 CoilXjnl Conlleet.ol1!, tllld if oonnec::lion ill to 
be mnde to equillJll(!lIt usin~ T l'Pll N ComIC('.­
WI'S, T YPE 871-Q I Adnptm1l will he nooded. See 
I)rice list below. 
Dlm. n.; .... , (Length) 13'" x (height ) 9 )( 
(depth) 1 0~ inchell, overall . 
N. t W,llIht: 17 ~ IKlwlds. 

COOt Word PM 

)'I.otlA 

I.'OAXS'!""M't:tI 
«(.!A.\:lIU:TP.K 

-I $315.00 
' ,00 
' ,00 

• 
• 
~ 
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~ 
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~i 
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RECENT VISITORS from atmxld to 
our plant. zUld laboratoriC!:l inciud(> : 

ENGLAND - ;\tl". I-I. A. M. Cla rk, 
Senior Engineer. El\1l R esearch Labo­
ratory, Ltd., Hayes, Middlesex; Mr. 
G. B. Ringham, Chief Engineer, Hed­
ifon, Ltd., London; and Mr. II . n. 
Rantzen , Consultant to thc United 
Nations on Telecommunications, on 
leave from the B.B.C. 

FRANCE - ProL Y. Rocard ZlJld DI'. 
J . F. DeniBtie, Laboratoire de Physique, 
Ecole Normnl Superieul'c, Paris. 

B£lGIUM- l\'1r. Paul J-i ontoy, Labom­
loire de H.adiociectricite, Univcrsite 
Lib,,: de Bruxcl1cs, Brus.se.ls . 

SWEDEN - :\ I r. J . C. J . VOIl UtJall, 
Deputy Director, Telecommunications 
Service, l!nited Nations, on lCt\vc from 
the Swedish Broadcasting Corporation. 

Visit Our Booth ot the I.R.E. Show 

At t he Radio Engi neering Show in 
Grand Cenl rnl Pa lace, :\1arch 6-9, 
General Radio will show II number of 
new ins t. rumcnts, including the slotted 
line and cO/"Lxia] elemell t..s described in 
last month 's Experimenter , a signal 
generator for television icsting, a dy­
namic polariscol>C, t he \'-I-I-F bridgc 
described in this issue, Zl direct.-reading 
admit.tance comparator for frequencies 
between 85 and 1000 Me, and a two­
frequency audio generator for distortion 
measurements. 

We suull be at Booths 92 and 93, as in 
past years, and we hope that our friends 
who attend the I.n .E. Convention 
wi ll drop in to sec liS. Reprt'SCnt.ati\"cs 
of t he SlIles Engineering, Devclopment 
Engineering, and Scrvicc Departmcnts 
will be on hlU1d to answer Questiolls 
and to discuss applications of our 
equipment. 

TilE Ce'l era t Rudio EXPERIMEN1·ER is moiled UJitllOut clltlrge each 
m otl, h to engineers, scienlist s, techniciruu, unll others int erested 

in comnlullicalion -f requency m easurenlent and con trol problelns. 
IPhen sending requests for subscriptions and address-cJwn ge notices, 
ptea.,e s u.pply tile foliOldn g illformalion: nome, comp<UlY address, type 
of business company is engaged in, and title or position. of individual. 

GENERAL RADIO COMPA NY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHU SETTS 
TELEPHONE : TRow"bJId(1 '·UOO 

BRANCH ENGINEERING OFFICES 
IIEW ,OU I, IIEW YOU 

II W[lT STun 
TEL.-WDII_ 2·UH 

lOI lMU ll S H. CHlfOlM1l 
1111 NOUH SE WARD stun 
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CHICAGO , . IlllMOtS 
tn sonH MI CHIGAN AVENUE 
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