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MEASUREMENTS ON I-F TRANSFORMERS 
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INTRODUCTION 

In t he prci<clll. st:md:ml dCf;ign specifica
tion;;; for 1-10' trall"rOnllcr:;, some of the 
quantities specificd arc not directly related 
to Ole actual performllllce of the trans
fonner in a radio receiver, and some canllot 
tx- mcru;urcd without di,m.< ..... cmbly of the 
unit. "I I". C. A. Hultberg, Mr. T. \'tlIlIlCOre, 

and other members of the engineering de
partment. of the Colonial Hadio Corporat ion lI:we proposed a /lew set 
of design spccificllliulls bused on three quanti1 i~, dircctly related to 
performance, which can be measured without disul:IScmbly of the trans
fonnel'. They arc: 

1. Coil inductances. 
2. Resonant impedallcc or conductance of each winding with the 

other winding ~hort-<:il·cuited. 
3. Coupling f:lctor. 
The re<OIl:lnt conductances and the coupling factor ill this design 

RIX'l' ifir:liion ('an be mca.~UI'cd accurately :lnd dir('ctiy hy the 
' [ '\'i'~: !) 16~A H-F 
Bridge u"ing the 
mC'tho<is(\c,,{'ribcd 
in thi" artielt'. The 
('oil inductall{'Cli 
('IUl be mea.:;urcd 

FIII".e 1. "an.1 vi ..... af 
,h. Type 916-A Radi .... 

Freq ... n.,. Stieill" 
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3] .. 
FlU .... 2 . Eq .. hrol.nt sef l .. df~ .. II of 0 high ''''"onc. 

in po ... II.1 wi .h a (opodlar. 

with h i ~1t at.:t.:uracy on the TYPE 821-A 
' l'wil\-'i' 1001lcdance l\1('usming Circuit 
lJy f he Lw()--fl'cf]llCncy metbod wi thout 
tli~ I'() lI l1 f'dillg the trimmer capacitors. 
I!:qllull,r good results (lall be obtained 
wil h I he Hadio-l"requcncy Bridge and 
II I! llx(' J'lIui '\'YPE 722-N Precision Con
Il t!III'(, I', ('()lI11U('led fo r pllrtl.lIcl subst itu
I iOIl Illt'(l.-;uJ'f' lllcn(.8. 

CONDUCTANCE MEASUREMENTS 
Allhuugh the T H E 91G-A R-F Bridb"C 

w;l.~ dl,:~ igJ1cd ror the meal'mcment of the 
~l'I'i\::-; \'olllpoI1Cl)is of )·el:1.t ively low iOl
l)('tlalH.'c~ , it. call easily be adapted to 
11I(~:Il'HII'U iligh impedances by shunting 
(llc Ullk l10W Il wilh n I'eactance so chosen 
II~ 10 b)'Lng the impedance of the com
hillu( LUtl within tbe range of the bridge. 
FiJI' (It I" mcas uremcnt of a high resist
!LlICe, Le. , the rC50nauL impedance of a 
pfll'allcl tnucd circuit, it is possible to 
lImite the bridb'e direct ['cading in cir
f'uLL condu ctance and to eliminate most 
or (lie calculat iOlls that usually ma.ke 
this method of measurement so tedious. 

As shown in Figurc 2, the eapacitol', 
CQ , connected across a resistor, Ro, has 
nn equivalent series circuit consist ing of 
the same capacitor in series with Ii rc-
, . X: 

Slstor approximately equal to - , when 
R. 

XI> is very sma.H ill comparison to Ro. 
This iierics resistance can be mcasured 
on the bridge and the vaJuc of Go dc
termineu from the eX))ression 

, 

(Fl .. ) 
GO=Ro = X / (J 

whcre R ... is the reading of the bridge 
resistance dial. The bridge can be 
made dircct l-eading by so choosing the 
capacitor C" to make X ,.2 a decimal 
value, t.hus eliminating all calculations. 

In an actual measurement, ihe shunt
ing capacitor alone is first connccted 
across the bridge terminals and an 
ini tial balance made. The tUllcd circuit 
to be men.C1ured is tben connected in 
parallel with the capacitor and a final 
balance made by adjusting the resist
ance dial on the brid ge and the t uning 
capacitor on the circuit undcr test. 

Since the method of mensurement is 
based on an approximation, the accu
racy and limitations of the method Illust 
be knowu before it can be used elTcc
tively. [n the followillg paragraphs, the 
mcthod will be analyzed and thc mag
nitude of the el'l'Ol'S determined. 

Under the conditions outlined above, 
the impedance ZI connectoo across the 
bridge (enninals during the init.ial bal
ance is 

ZI = jX-1 = jX,. (2) 
where X a is t.he reactance of Lhc shuo t 
capacitor C~ shown in Figu re 3. 

When the tuned circuit huving a. 
series resistance R ~ and a l-eactance X ~ 
is connected and thc final balance made, 
the series rcsistive and reactive com
ponellts of tbe impedance Zt t.ben con
nected across the terminals :lore: 

.X02 1 

R.~ R'~ R · (~ + v)' (3) 
~ 1+ ~ a . \ " 

1/, 

FlgUf. 3. Sridg. ~onn.ctions for th. mea s .. re m.nts 
dlu .. sud in .hls o.Uci. 

." .. o. 

I 
R • • )', 

I ~.~ aR,on ~ 
G • • II , 

• 
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, 
. X~~,(. ,) . ~\ "+--n:- ~'t:.+"\: * 

~\, = " • 

(X.+_',) 
I + R~ 

(4) 

In this Ci\5e, R ... is Lhe reading of the 
resistance elilll, and, since the l"Ca.clance 
dial is not moved when ma king the fi nal 
balance, 

(5) 
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"- "-
2\ "-~ .,. , 

l'- "- +~ .:'\ "-

~~~~~ i , - 1"- . T " , 
If the expression for X l given in FA:lua.
tion (5) is substituted in Rqualion (4), 
and the resulting expression for X * sub
stituted in F'JCtuntion (3) , the result is 

.. ...... ri;':;';-r I~ ·-·" 

\" 
H.. = -=-----{ • '. 
J(. = - X 4 

(0) 

(i ) 

Etllmtion (7) shows that the resonant 
I'ircuil mUflt be detunC'l1 to prod uce !\. 

,.... series reaclance of magnitude - .\". for 
balance. Delulling causes the effective 
5('ries resistancc, R., to decrease from 
ils Jll!\xinmm vulue at resonance, Ro. 
'rhe mugniludc of t his dcviation is smnll 

if .~ . is smull , and can be calculated in 
If, 

. 
' .' .. .. .. o. M 

'''_''~l_'' 

Fig .... 4 . Sh .. nl u,pacltan~. "S. I •• qll' "~" la. "a.lou. 
d.clmal m .. ltlpU ... . 

lermined from Equation (9). The actual 
dc\rialioll in Rz from its resonant. valuc 
cft n then be determilled from Equntion 
(8). T he rC8ultllnt. expression for lhe 
resonant condllct:lnce, Co. is: 

I I? '" [ Go=- ~-. I 
Ro X. - C~~')] mhos (1 0) 

t he following m!l.llncr. If we let 
l~or small deviations, !:J.C, from the 

capacil:Ult<: at I"C:8OnR-nCC, Co, tbe effec-

. I 
" =--::-i X. 

( 1I ) 

tive series resist{Ulce :U1d l"Cactnnce of a and 
pnrnllel-Illncd circuit arc given quite ne
cllrntely by the approximations 

(8) 

(9) 

where Q is lhe storage factor of lhe 
resonant circuit. The amount of del.un
ing necessary to produce the reactance 
indica.ted by Equation (7) can be de-

then 

Go "" KR .. mhos - f(~R ... -"mhos (12) 

where f{,. is the fnctor which converts 
the indicated series resistance in ohms 
to the resonant. conductance III mi
cromhos. 

K. = lQ4K "'" ~ 
X. 

(13) 

-
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The error, E, ill tbe indicated COD

ductnncC' expressed as a fraction of the 
indicated conductance is approximately: 

GO' 
= Kll I 

K • 

= K.R ... ' X IO-t (14) 

Thel'efore, if the errors due to detuning 
are to be kept small, the rcaclll.nCe of 
the shunt capacitor should be very small 
compared to the resonnnt impedance. 

The errors duc to losses in lhe shunt
iug capacitor arc negligible as long as 
the dissipation factor of the capacitor 
is less than 0.01 and the resistance dial 
is set at zero when the initial balance 
i~ made with the capacitor alone COIl

nected. 
The shu nting capucitances required 

fol' various values of K. are indicated in 
Figu re -I. Figure 5 sho\\"s the yalues of 
conductnncc mensurable \\ithin various 
nceuracic>; ns !\ fUllction of KjO' The 
limits indicatt.ld by the dashed lint'S are 
determined by the accuracy of calibra
tion of the resistancE' dial. 

EXAMPLE 
The int.ennediatc.-frequency trans

fom1t'r choscn fO I" Ihis illustration is a 

• 
standard double-tuned inductively
coupled unit, operating at 455 kilo- .-.. 
cycles, which is completely assembled in 
iu; shield can with its trimmer c:l.p:l.citors 
connected. In the following paragraphs 
the gen~nal test. procedure will be de.
scribed; however, in most applications R. 

number of short-cuts will be npparent to 
the user. 

The first s tep is to estimate roughly 
the magnitude of the conductance to be 
measured so a value of K,.can be selected 
which will pennit the measurement to be 
made within the desired accuracy. Tn 
the cxample under consideration, the 
conductance is of the order of 30 ,umhos, 
and the desired accuracy is ± 5 per cent. 
From Figure 5 it can be seen Umt a K" 
of 0.1 meets these requirements. Figure 
4 or Equation ( \3) shows that the shunt
ing capacitance required for this value 
of K.,. at 455 kilocycles is 110.6 ,u,uf. 

The indicated value of shunting ca- ~ 
paciitmce includes the termiOlll cap.'l.Ci
tance of the bridge nnd other stra.y 
capacitances. Rence, for greatest nc
cumcy. the cllpncitor should be mens-
ured ill place on the bridge. This call be 
done using the renctnnce-measuring 
properLy of the bridge itself; howcver, 
the hccmucy or the determination of K,. 

flgu.1 $ . lte",gl of cond" c'onci "'101"'01,11 wllhln Flg"re 6. Rn 'llonCI obo"l wh'ch ' hi "Boi lio Effie," 
glvln occu, ocy II",fl l for vo, loul vo lull of I(~. ,101'11 10 Influlnce "pprulobly 'hi po,olll ' rllls lonCi 

ollRC Typi 1'-1 Rlllllo,. v •. " I qul ncy . 

-

'" ! ·t-----1I'---'k-
I
,,---I-l---t--1 

j - " i "-
! 01---++-----11'---*-+--1 

" "f---+-f---+-t--"---+-1 

-~-~-".--~~--~ OJ ..... • I. .. ... ... .,. ....... ..-.. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



, 
under these conditions is only ±4 ller 
cent, becuusc the bridge accuracy 
for renctance measurement, is ± 2 per 
('('nt. 

A more nccltrntc met.hod of determin
ing the prceise value of A" ~ is to measure 
the conductance of a low-rcnclnllCc re
sistor having n, known conductance, 
using the bridge in the same mnnner as 
for transformer mcasurcmell t~. In this 
method of c:llibration the reactance dinJ 
is adjusted for the final balance i ll place 
of the luning co.pacif.<lr on the tmllS
fonner, and 1\.,. is the ratio of the con
ductance of the stnndard resistor to the 
resistance dial reading. 

The a-c conductances of 1 ItC T YPE 

F-l Resistors and other similar unit5 are 
vcry close to their doC conductances for 
resistances within the limits indicated 
in Figul'e 6; deviation I\t higher rc
SiSt:U1ce5 is caused by the Boclla effect. 
In some CIlSes the !;hunt, capaci tancc of 
Ole t'('~istor \\;11 CRIISC small errol'S; how
cvcr, corrections for thCl)(! Cl'l'ors can be 
made using Figure 7. In lIlis case a 
I()(),OCIO ohm rcsi~tor is used as a stalld
ard rwd the shunting (,Ilpacitflnee ad
justed until the r~i8t:UlCC dial roads 
100 ohms . 

. Mtor the shunting c:lpacitauce hall 
been adjusted Or the nliue of K. ac
f;urnlcly determincd, the capacitor is 
connected acroflS the hl'iugc tcnninllis 
and the initial balance made. 'This 
balance should be made wi til the resist.
ance aud reactance dials both set. ZlL 

zero and t.he L-C switch in the I" position 
if the shuuting capacitance is greatcr 
than 1 GO jAjA!. 1f the shunti ng cZlpacitancc 
is Ic~ thall this vtduc, lhc L-C switch 
should be sct in the C position, the 
resistance dial at zero, Zlnd the react.-

ance dial at. about. 
10' 5000-

VK • 
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Thi~ procedure I.'liminatcs the nccC&'ily 
of mak ing an additional initial balanff' 
with the bridv;e tcrminals shoded. Tn 
lhe case under considerntion, the ca
pacitance is 11O.6jAjAr so the L-C switch 
is set in Ihe C position, the reactance 
dial at 35(X), and the initill.! balance 
mack:. 

T he circuii is 1l0W set. up to measure 
the unknown eonduct.anee. The fCSQll3nt. 
conductance of the pt'imary alone shou ld 
be mcasured first. This is uone by sbort
circu iti ng the sccollchuy winding leads 
and connecting the primary winding in 
parallel with the shunting capacitor on 
the bridge. T hen !l. balance is obtained 
by iLdjusti ng the rcsisUl.nce dial on the 
bridge and the primary trimmer Cll

pacitor in the transformer. The reading 
of the rcsi:stnncc dial multiplied by 1\. 
gives the magnitude of the conduct.'UlI':c. 
In this example the resistance dial 
rending is 13-1 ohms and. ~ince f{" = 0. 1, 
the measured ('ooductancc is 13.1 
jAmbos. 

FiIU'. 7 . C ....... tlon In m . .. . u' . d ... ndu., .. n •• 10' 
. .. Of ."u •• d by , . o.,o n •• I" 1ft. clre u;' undu 10., . 
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MEASUREMENT 
OF COUPLING FACTOR 

'rhe coupling factor, p., is defined as: 

il" CrM 
fi'c = - - - = l + k2Q"Q. 

H,), 0" 

where HI' and Gp are Ull.~ resoUllIlt 
primary resistance and conductance 
with the secondary shorkircuited, RJM 
and Gp • are the resonant primary re
sistance and conductance with the 
secondary resonated, Qp is the storage 
factor of the primary circuit alone, Q. 
is the storage factor of the secondary 
circu it aloue, k is the actual coefficient 
of coupling, and Ice is the cocfficient for 
criticnl coupling. 

In order to determine the coupling 
factor, the resonant primary cOllduct
ance must be measured with the trnns
former secondary resonated. This is 
:lccomplishcd by removing the short,.. 
cil'cuiL from the secondary and obtaining 
a new balance by adjusting the re
sistance (unl and the secondary trimmer 
capacitor. "'he other bridgc conLl'Ohs and 
the primary tuning should not be dis
tu rbed between the two measurements 
of the prim!uy conductancc. In this 
measurement the crror will be approxi
mately twice that indicated in Figure 5. 
The resistance dial reads 273 ohms when 

• 
Lhe secondary of the transformer \IlldCl' 
consideration is resonated, and hence its ---. 
conductance is 27.3 #lmhos. From Equa-
lion ( IS) the coupling fac tOl' is therefore 

27.3 k - = 2.0.J: :md "/ = 1.02. 
13.4 /I'c 

Tbe resonant secondary conductance 
can be measured ill the same manner M 

outlined for the primary; and, if de:; ir
able, the coupling facto r can be deter
mined from measurements on the sec
ondary instead of the primary. The 
same answer shoulrl be obtained ill both 
cases. 

The resonant conductance of other 
types of single and double-tuned cir
cuits and the conductance of relatively 
low-reactance resistors can also be 
measured accurately on the Tnf; 916-A 
R-F Bridge t.hrough lhe use of thc 
met.hod described, and, in application£'. 
in which a llwnber of measurements arc 
required at one or more specified fre
quencies, a fixturc call be constructed 
which will mount dil'cotiy on the bridge 
and have the required calibrated capaci
tors eonnccted across I he terminals by 
means of a swit{'h. For t.uned-circuit 
mCflSurements, small external trimmer 
capacitors may also be provided to 
pennit a finer tuning capacita.nce ad
justment than can be obtained using the 
capacitors built. in the transformer. 

- R. A. SODEn:\L\N 

REPRINTS AVAILABLE 
Rcprints of the foregoing article are 

being prepared, with larger and more 
detailed charts of Figures 4 through 7. 

Copies will be available shortly alld win -.. 
be sent to any of our readers who request 
them . - EDI'roR 
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LAB O RATOR Y EXERCISES W ITH 
THE V ACUUM - TUBE BRIDGE 

.\8 is evident (rom a cOnl~idernlion of tbe title, " A Precise Laboratory Exer
its circuit char:lctcristio;, the TnE ci.se Using n Vacuum-Tube Bridge," 
561-0 Vncuum-'l'ube Bridge iJil Jlot describes a student lilborntory exercise 
limited in its applications strictly to lhe based on the 1'YPE 5GI-D Vacuum-Tube 
measurement of Lubes, but is cnpablo of Bridge. The article coverS I<ueh mcastu-e
measuring the voltage gaill , output ments as tJ1C gnin and output resistance 
rasistllnC<', and effective transcollduct- of triode amplifiers with nnd wit hout 
nnce of any thrcc-tcnumnl network feedback, cathode followers, negative 
appropriately connected to its terminals. coefficients, and the determination of 

The versatility and adaptability of the criterion for 06cilJation of a negative
the bridb'C for these measurements make reeistanceoseillator. This comprehensive 
it. particularly useful in teaching and and very readable article should be of 
in laboratory C!xperiments for st.udents. interest to teachcrs of electronics and of 
In the March, 1948, issue of American elcct rical commull ication~. Reprints are 
JQumat of Physiu, Professor Edwnrd available and we Shilll he glad to ~end 
II. GI'~n, of Brooklyn College, under copies to all who request them. 

MISCELLANY 
RECENT VISITORS to our plant and 
laboratories - Mr. Joh.o R. Pheazey, 
Works Director, Standard Telephoot'S 
nnd Cables, Ltd ., London; Mr. C. L 
Snow and 1\1r. )r H. Andrews of Im
perial Chemical Industries, LondoD; 
Ur. K. Bog.ffiam, Copenhagen; Dr. L. 
Hohde of Rohde and chwartz, Munich; 
Md Mr. H . S. Walker. RCA Victor Co., 
Ltd., Montreal. 

1949 IR E CONVENTION - March 
7-10 are the dales set for the 1949A.nnual 
Convention of the Institute of Radio En
ginccrs, which promises to be the biggest 
IUld best. in tho rustitute's history. The 
Convention will open with tbe annual 
meeting of the Institute on Monday, 
~1rueh 1, at. 10:30 A.i\'I., wben Ivan S. 
Coggeshall will speak on ''Perpetual 

- Youth and the IllK" On Tuesday, the 
President's Luncheon will honor the in
coming president, Stuart L. Bailey, 

and on Wedncsduy evening, at the 
annual banquet, Frank Stanton, presi
dent of CBS, will speak on "Television 
Today." 

Technical sessions will be held at. both 
the Rotel Conunodore and Grand 
Central Palace. A total or 170 paperS 
will be presented during the <kIay 
period, covering a wide range of sub
jects in radio, electronics, and allied 
fields. 

Some 200 timls will exhibit their 
products at the Radio Engineering 
Show, held at. Grand Central Palace. 

The General Radio exhibit will be in 
Booths 92 and 93, the SlUlle space that. 
we have had for the past two yCIll'S. Rep
resentatives of the Development En
gineering, Sales Engineering, and :=erv
icc Departments will be on hand to 
discuss applications of General UAdio 
equipment and to answer questions. \\~e 
hope that all Ollr friends will drop in. 
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A "'OIlP 01 Typo 1100 F",quon~y Stondo,dl undo,golng porfo,..,on~olnl. In Oil. Slondordldng Loborolory . 
Auu,ocy ond 11o bUlly ..,uII Do won Inlldo cololog I ... ~iflcotlonl boloro Iho olclllolo" 'oul ... Iho 

Loborolory'. O.K. 

• 

THE General Radio EXl'EruMENTER is mailed without charge each 

month to engi.neers. scieTttists, technicians, and others interested in 

conununication-frequency nleasurement and control problems. JPlteli 

sending requests Jor subscriptions and address-change notices , pll!flSI! 

supply tlleJollowing inJormatwlI: name. company address, type oj busi· 

neu company is engaged in, and title or positwn of individual. 

GENERAl RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 35 MASSACHUSETT S 
TElEPHONE : TRowbrillle 6·4400 

BRANCH ENGINEERING OffiCES 
MEW lOU I . MEW TOU 

It WEST STREET 
UL.-WQrl_ 2· 1111 

LOS ANIHES II . CALIfORNIA 
lua MOITH SfWUQ STUET 

TIL.-HQII' .... 1211 

ClIlClGO S. ILLIHOIS 
.20 sonH MICHIUN AVENUE 
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