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INTRODUCTION 
In the pre. ent tandard de ign pecifica

tion for I-F tran form r , some of the 

quantities specifi d are not directly related 

to the actual p rf ormance of the trans

former in a radio receiver, and ome cannot 

be mea ured without di as embly of the 
unit. Mr. . A. Hultberg, Mr. T. Vanacore, 
and other memb rs of the ngineering de

partment of th Colonial Radio Corporation have propo d a new set 
of de ign specifications based on three quantitie , dir c ly related to 

performance, which can be measured without disassembly of the trans

f armer. They are: 

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

other winding hort-circui ed. 

3. Coupling factor. 
The resonant conductances and the coupling factor in this de ign 

specification can be measured accurately and directly by the 

TYPE 916-A R-F 
Bridge using the 

methods de cri bed 

in thi article. The 
coil inductances 

can be mea ured 

Figure 1. Panel view of 
the Type 916-A Radio

Frequency Bridge. 
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:=TI·· 
figure 2. Equivalent series circuit of a high resistance 

in parallel with a capacitor. 

wit b bigh a curacy on the TYPE 821-A 
Twin-T Impedance Measuring Circuit 
by Lhe Lwo-fr quency method without 
diRco1rnccting the trimmer capacitors. 
Equally good re ults can be obtained 
wiLh the Radio-Frequency Bridge and 
:x11 external TYPE 722-N Precision Con
<le11scr, connected for parallel substitu
t.io11 mea urements. 

CONDUCTANCE MEASUREMENTS 
Alth ugh the TYPE 916-A R-F Bridge 

w�1s dc:-;igned for the measurement of the 
. ·nrics component of r latively low im
pPd a.11 ces, it can easily be adapted to 
mca.·ure high impedance by shunting 
t li • lmkn wn with a reactance so chosen 
u.· t.o bring the impedance of the com
bin ution within the range of the bridge. 
For the measure1nent of a high resist
ance, i.e., the resonant impedance of a 
parallel tuned circuit, it i possible to 
make the bridge direct reading in cir
cuit conductance and to eliminate most 
of the calculations that usually make 
thi. method of mea urement so tedious. 

As shown in Figure 2, the capacitor, 
Ca, connected across a resistor, Ro, has 
an equivalent series circuit consi ting of 
the same capacitor in series with a re-

2 

. . I 1 Xa 
h s1stor approximate y equa to -- ' w en 

Ro 
X a is very small in comparison to R0• 
This series resistance can be measured 
on the bridge and the value of Go de
termined from the expression 

1 Rm Go= - = --2 Ro Xa 

2 

(1) 

where Rm is the reading of the bridge 
resistance dial. The bridge can be 
made direct reading by so choosing the 
capacitor ca to make x a 2 a decimal 
value, thus eliminating all calculations. 

In an actual measurement, the shunt
ing capacitor alone is first connected 
across the bridge terminals and an 
initial balance made. The tuned circuit 
to be mea..c:;ured is then connected in 
parallel with the capacitor and a final 
balance made by adjusting the resist
ance dial on the bridge and the tuning 
capacitor on the circuit under test. 

Since the method of measurement is 
based on an approximation, the accu
racy and limitations of the method mu t 
be known before it can be used effec
tively. In the following paragraphs, the 
method will be analyzed and the mag
nitude of the errors determined . 

Under the conditions outlined above, 
the impedance Z1 connected across the 
bridge terminals during the initial bal
ance is 

Z1 = jX1 = jXa (2) 
where X a is the reactance of the shunt 
capacitor Ca shown in Figure 3. 

When the tuned circuit having a 
series resistance Rx and a reactance X z 

is connected and the final balance made, 
the eries resistive and reactive com
ponents of the impedance Z2 then con
nected across the terminals are: 

(3) 

Figure 3. Bridge connections for the measurements 
discussed in this article. 

916 ·A 
R-F BRIDGE 

Co Rx+IXx 
OR Gx + iBx 

.. 
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(4) 

In this case, Rm is the reading of the 
resistance dial, and, since the reactance 
dial is not moved when making the final 
balance, 

(5) 

If the expression for X 2 given in Equa
tion (5) is substituted in Equation (4), 
and the resulting expression for Xx sub
sti tu ted in Equation (3), the result is 

R 
- Xa.2 

m - R., 
(6) 

(7) 

Equation (7) shows that the re onant 
circuit must be detuned to produce a 
series reactance of magnitude -X a for 
balance. Detuning cau es the effective 
series re istance, Rx1 to decrease from 
its maximum value at resonance, Ro. 
The magnitude of this deviation is small 

Xa · 

if - is small, and can be calculated in 
Ro 

JANUA R Y, 1 94 9  

F'REOUENCY IH frlilEGACVCLE"S 

Figure 4. Shunt capacitance vs. frequency for vorious 
decimal multipliers. 

termined from Equation (9). The actual 
deviation in Rx from its resonant value 
can then be determined from Equation 
( ) . The resultant expression for the 
r onant conductance, Go, is: 

[ ( 
2
] 

1 R.,, Xa Go = - � -2 1 - -) mhos (10) 
Ro Xa Ro 

the following manner. If we let 
For small deviations, l:!.G, from the 

capacitance at resonance, Go, the effec-
[{ l 

Xa2 (11) 

tive series resi tance and reactance of a and 
parallel-tuned circuit are given quite ac
curately by the approximations Xa 

Ro << l, 
R., �Ro [1 + (�� Q )2] (8) 

D..G 
X., �

Go 
QRo (9) 

where Q is the storage factor of the 
resonant circuit. The amount of detun
ing necessary to produce the reactance 
indicated by Equation (7) can be de-

then 

Go � J(Rm mhos = J(,,.Rm µmhos (12) 

where J(,,. is the factor which converts 
the indicated eries resistance in ohms 
to the resonant conductance in mi
cromhos. 

106 ](,,. = 1061( = -2 

Xa 
(13) 
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The error, E, in the indicated con
ductance expres ed as a fraction of the 
indicated conductance is approximately: 

E � (�Oa)2 = °i;2 - KRm2 
- l<-µRm2 X 10-s ( 4) 

Therefore, if the errors due to detuning 
are to be kept small, the reactance of 
the shunt capacitor should be very small 
compared to the resonant impedance. 

The errors due to lo ses in the shunt
ing capacitor are negligible as long as 
the dissipation factor of the capacitor 
i les than 0.01 and the resistance dial 
is set at zero when the initial balance 
is made with the capacitor alone con
nected. 

The shunting capacitances required 
for various values of Kµ are indicated in 
Figure 4. Figure 5 hows the alues of 
conductance measurable within various 
accuracies a a function of I<-,,.. The 
limits indicated by the da hed lines are 
determined by the accuracy of cali bra
tion of the resistance dial. 

EXA MPLE 
The intermediate-frequency trans

former cho en for this illu tration is a 

Figure 5. Range of conductance measurable within 
given accuracy limits for various values of Kµ. 
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standard double-tuned inductively
coupled unit, operating at 455 kilo
cycles, which is completely assembled in 
its shield can with its trimmer capacitors 
connected. In the following paragraphs 

the general test procedure will be de
scribed; however, in most applications a 

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

The first step is to estimate roughly 
the magnitude of the conductance to be 
measured so a value of Kµ can be selected 
which will permit the measurement to be 
made within the desired accuracy. In 
the example under consideration, the 
conductance is of the order of 30 µmhos , 
and the desired accuracy is -t-5 per cent. 
From Figure 5 it can be seen hat a K"' 
of 0.1 meets these requirement . Figure 

4 or Equation (13) shows that the shunt
ing capacitance required for this value 
of K11. at 455 kilocycles is 110.6 µµf. 

The indicated value of shun ing ca
pacitance includes the terminal capaci
tance of the bridge and other s ray 
capacitances. Hence, for greatest ac
curacy, the capacitor should be meas
ured in place on the bridge. This can be 
done u ing the reactance-measuring 
property of the bridge itself; however, 
the accuracy of the determination of I<-µ 

Figure 6. Resistance above which the "Boella Effect" 
starts to influence appreciably the parallel resistance 

of IRC Type F-1 Resistors vs. frequency. 
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under these conditions is only ±4 per 
cent, because the bridge accuracy 
for reactance measurement is ±2 per 
cent. 

A more accurate method of d termin-
ing the preci alue of I-\.µ. i to measure 

he conductance of a low-reactance re
sistor having a known conductance, 
u ing the bridge in the same manner as 
for tran former measurements. In this 
method of calibration the reactanc dial 
is adjusted for the final balance in place 
of the tuning capacitor on the trans
former, and Kµ. is the ratio of the con
ductance of the standard resi tor to the 
re istance dial reading. 

The a-c conductances of IRC TYPE 
F -1 Resistors and other similar uni ts are 
very clo e to their d-c conductances for 
resistances within the limit indicated 
in Figure 6; deviation at higher re-

istances is caused by the o lla £feet. 
In some ca es the shunt capacitance of 
the re i or w:ill cau e mall error ; how
ev r, correction for these rrors can be 
made u ing Figure 7. In this case a 
100,000 ohm resi tor is used as a tand
ard and the hunting capacitance ad
justed until he re istanc dial read 
100 ohm . 

After the hunting capacitance ha 
b en adju ted or the value of } µ. ac
curately determined, the capacitor is 
connected aero the bridge terminal 
and the initial balance made. 'I hi 
balance hould be made with the re i t
ance and reactance dials both se at 
zero and the L-C switch in the L po ition 
if he shunting capacitance is greater 
than 160 µµf. If the hunting capacitance 
is le s than this value, the L-C witch 

hould be set in the C position, the 
resi tance dial at zero, and the r ac· -

103 
ance dial at about 5000 - _ / - f ifr. 

vKµ 

JANUARY, 1949 

Thi procedure liminates the nece ity 
of making an additional initial balanc 
with the bridg terminal horted. In 
the case und r consideration, the ca
pacitance i 110. µµf o the L- ·witch 
is et in the C po ition, the r actance 
dial at 3500, and the initial balance 
made. 

The circui i now et up to mea ure 
the unknown conductanc . The re onant 
conductanc of the primary alone should 
be measured fir t. This i done by hort
circuiting the secondary winding leads 
and connecting the primary winding in 
parallel wi h the shunting capacitor on 
the bridge. Then a balance is obtained 
by adjusting the resi tance dial on the 
bridge and the primary trimmer ca
pacitor in the tran former. The reading 
of the re istance dial multipli d by Kµ 
give th magnitude of the conductance. 
In thi xample the r sistanc dial 
r ading i 134 ohm and, sin e F.µ = 0.1, 
the mea ured condu anc is 13.4 
µm.ho . 

Figure 7. Correction in measured conductance for 
error caused by reactance in the circuit under test. 
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MEASUREMENT 
OF COUPLING FACTOR 

The coupling factor, F c, is defined as: 

F 
RP Gps 

c =--=-= 

Rps Gp 

- 1 + (�c)2 (15) 

where RP and GP are the resonant 
primary resistance and conductance 
with the secondary short-circuited, RPB 
and Gps 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 to rage factor of the secondary 
circuit alone, k is the actual coefficient 
of coupling, and kc is the coefficient for 
critical coupling. 

In order to determine the coupling 
factor, the resonant primary conduct
ance must be mea ured with the trans
former secondary re onated. This i 
accompli hed by removing the short
circui t from the s condary and obtaining 
a new balance by adjusting the re
sistance dial and the secondary trimmer 
capacitor. The other bridge controls and 
the primary tuning should not be dis
turbed between the two measurements 
of the primary conductance. In thi 
measurement he error will be approxi
mately twice that indicated in Figure 5. 
The resistance dial reads 273 ohms when 

REPRINTS 
Reprints of the foregoing article are 

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

6 

he secondary of the transformer under 
con ideration is resonated, and hence i s 
conductance is 27 .3 µmhos. From Equa
tion (15) the coupling factor is therefore 

27.3 k 
-- = 2.04 and -

= 1.02. 
13.4 kc 

The resonant econdary conductance 
can be measured in the same manner as 
outlined for the primary; and, if de ir
able, the coupling factor can be d ter
mined from measurements on the sec
ondary instead of the primary. The 
same answer should be obtained in both 
cases. 

The resonant conductance of other 
types of single and double-tuned cir
cuits and the conductance of relatively 
low-reactance re i tors can also be 
measured accurately on the TYPE 916-A 
R-F Bridge through the use of the 
m thod described, and, in application� 
in which a number of measurements are 
required at one or more specified fre
quencies, a fixture can be con tructed 
which will mount directly on the bridge 
and have the required calibrated capaci
tors connected aero s he terminals by 
means of a switch. For tuned-circuit 
measurements, small external trimmer 
capacitors may also be provided to 
permit a finer tuning capacitance ad
justment than can be obtained using the 
capacitors built in the transformer. 

- R. A. SODERMAN 

AVAILABLE 
Copies will be available shortly and will 
be sent to any of our readers who request 
them. - EDITOR 
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LABORATORY EXERCIS ES WITH 
THE VACUUM-TUBE BRIDGE 

As is evident from a consideration of 
its circuit characteristics, the TYPE 
561-D Vacuum-Tube Bridge is not 
limited in its applications strictly to the 
measurement of tube , but is capable of 
measuring the voltage gain, output 
resistance, and effective transconduct
ance of any three-terminal network 
appropriately connected to its terminals. 

The versatility and adaptability of 
the bridge for these measurements make 
it particularly useful in teaching and 
in laboratory experiments for students. 
In the March, 1948, issue of American 
Journal of Physics, Professor Edward 
H. Green, of Brooklyn College, under 

the title, "A Precise Laboratory Exer
cise Using a Vacuum-Tube Bridge," 
describes a student laboratory exerci c 
based on the TYPE 561-D Vacuum-Tube 
Bridge. The article covers such measure
ments as the gain and output re i tance 
of triode amplifiers with and without 
feedback, cathode followers, negative 
coefficients, and the determination of 
the criterion for oscillation of a negative
resistance oscillator. This comprehensive 
and very readable article should be of 
interest to teachers of electronics and of 
electrical communications. Reprints are 
available and we shall be glad to send 
copies to all who reque t them. 

MIS CELLANY 
RECENT VISITORS to our plant and 
laboratories - Mr. John R. Pheazey, 
Works Director, Standard Telephones 
and Cables, Ltd., London; Mr. C. I. 
Snow and Mr. F. H. Andrews of Im
perial Che1nical Industries, London;· 
Mr. K. Bogedam, Copenhagen; Dr. L. 
Rohde of Rohde and Schwartz, Munich; 
and Mr. H. S. Walker, RCA Victor Co., 
Ltd., Montreal. 

1949 IRE CONVENTION -March 
7-10 are the dates set for the1949Annual 
Convention of the Institute of Radio En
gineers, which promises to be the biggest 
and best in the Institute's history. The 
Convention will open with the annual 
meeting of the Institute on Monday, 
March 7, at 10:30 A.M., when Ivan S. 
Cogge hall will speak on "Perpetual 
You h and the IRE." On Tuesday, the 
President's Luncheon will honor the in
coming president, Stuart L. Bailey, 

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

Technical sessions will be held at both 
the Hotel Commodore and Grand 
Central Palace. A total of 170 papers 
will be presented during the 4-day 
period, covering a wide range of sub
jects in radio, electronics, and allied 
fields. 

Some 200 firms 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 same space that 
we have had for the past two years. Rep
resentatives of the Development En
gineering, Sales Engineering, and Serv
ice Departments will be on hand to 
discuss applications of General Radio 
equipment and to answer questions. W 
hope that all our friends will drop in. 
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GENERAL RADIO EXPERI M ENTER 

A group of Type 1100 frequency Standards undergoing performance tests in our Standardizing Laboratory. 
Accuracy and stability must be well inside cgfalog specifications before the oscillators receive the 

Laboratory's O.K. 

8 

T
HE General Radio EXPERIMENTER is mailed without charge each 

nionth to engineers, scientists, technicians, and others interested in 

coniniunication-frequency rneasurenient and control problems. When 

sending requests for subscriptions and address-change notices, please 

supply the following inforniation: name, company address, type of busi

ness company is engaged in, and title or position of individual. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE: TRowbridge 6-4400 

BRAN CH EN G IN EE RIN G OFFICES 
NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL.-WOrtb 2-5837 

LOS ANGELES 38, CALIFORNIA 

1000 NORTH SEWARD STREET 

TEL.-H DllJWDld &201 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL.-WAbash 2-3820 
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