
A NEW R-F BRIDGE FOR USE AT FREQUENCIES 

UP TO 60 MC 

•THE NEED FOR A SIMPLE, ACCURATE INSTRUMENT 
to measure relatively low impedances in terms of their effective series re
sistance and reactance components has been pressing ever since quanti
tative information regarding antenna characteristics was first desired. 
The TYPE 516 Radio-Frequency Bridge,1•2 first offered for sale in 1932., 
proved very satisfactory for such measurements at frequencies up to a 
few megacycles, and therefore found particular use in measurements of 
radiating systems in the standard broadcast hand. However, as the upper 
frequency limit at which accurate measurements of impedance are re
quired .has increased, the limitations of this early bridge design have 
become increasingly apparent. 

The TYPE 916-A Radio-Frequency Bridge,3 described in this article, 
replaces the TYPE 
516-C Radio-Fre-
quency Bridge., 
supplying a wider 
range of direct im
pedance m.easure
ment in a m.ore 

lCharles T. Burke. 
"Bridge Methods for Meas
urements at Radio Frequencies," General Radio E-.:peri1nenr.er. Vol. 6, p. l; July. 1932. 2C. E. Wor·Lhen, "Im
pro,• em e n t.s in Radio
Frequency Bridge Meth
ods for Measuring Antennas and Ot.her l mRedan es," 
General Radio .F--xperirnenter. ol. 8, p. l; Decem
ber, 1933. 

•D. B. Sinclair, "A 
Radio-Frequency Bridge 
for Impe dance Measure
ments from 400 Kilo ycles 
Lo 60 l\iegacycles." Proc. I.R.E., Vol. 28. p. 497; November. 1940. 

FIGURE 1. Adjus1:ing _ an1:enna coup1ing ne1:works at 
Radio St:at:ion W H DH with 1:he TYPE 916-A Radio

Frequency Bridge. 
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GENERA1.RADIO 2 

FIG RE 2. Elementary circ uit dia gr a ·m of th 
TYPE 916- R adio- Frequen y Bridge. Theim
portant feature di "t i ng ui hing thi bridge from 
the hering br1dg i th ries sub t itu"tion 
method of on .n ec ting the unknown impeda nce. 
The unknown reactance is d t ermin d from the 
cha ng in setting of the cond n r Cp and the 
unknown re istance from the ch ange in setting 

of thf' conden er CA. 

on en.ient form o er a wider frequency 

range. bile u ful a a general purpose 

instrument in the 1 ab oratory, ·the new 

bridge i parti ular1y intended for meas

urements on rad· ating sys ·ems, and has 

been de ign d for maximum onvenience 

in this appli ation. 
In addition t-0 he greatly increased 

frequen y range, he new bridge has two 

featur s that di tingui h it from th 

older bridge , namely a consjd rably 

greater direct-reading resistance range� 
and a simplified dial for reading react
ance. The resistance range, from zero to 
1000 olrrns, i overed on a single 8" dial 
with a scale that is roughly linear from 
zero to 1 ohm and logarithmic from 
1 ohm to 1000 ohms. The resi tance-dial 
reading is independent of frequency. The 
reactan e range, from zero to 5000 ohms, 
is covered on a single 4" dial with a scale 
that is roughly linear from zero to 50 
ohms and logarithmic from 50 ohm to 
5000 ohm.s. he rea tance-dial reading 
varies directly with frequency, the en
graved scale being direct reading at a 
frequency of 1 Mc. 

C IRCUIT AND THEORY 

To achieve these greatly increased 
frequency and resistance rang s, the new 
circuit shown in Figure 2 has been de
veloped. 

Similar in appearance to the hering 
bridge circuit, the new circuit differs in 
the method of connecting the unknown 
impedan e and the method of mea uring 
the reactive omponent. The balance 
condition are: 

RP 

1 -
jwCp 

Rn CA 
CN 

Rn 1 ---
RAjwCN 

(1) 

(2) 

When an impedanc , Zx = Rx+ j x, 

is to be mea ured, the br · dge i first bal
anced by mean of th con.den r CA 

FIG . RE 3. omplet
. 

circuit diagra 1n of the 
T . P E 916-A R adio-Fr qu nc B rid ge . The 
L-C s itch hanges the alue of the ratio arm 
RA, thereb tahli hing th initia l set:ting of 
the r a tanc dial at minim.um or ma ·imum for 
mea ut·ing inducti or capac1t1 e reactance. 
The trirrun r capacit ance ', CN" are u ed to 
ma k e  the apa ci Lance from p oint «a" to ground 
th same for th two positions of tb L-C switch. 
The t rim.mer capacitance CN'" i a part f the 
plug-in tran former a em bly and i u ed to 

qualize the ground capacit ances of th two 
tt· an former . 
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and CP with a short circuit across the 
UNKNOWN terminals. The short cir
cuit is then removed, the impedance 
connected, and the bridge rebalanced. 
This series-substitution method leads to 
the simple relationships: 

R CA2 - CA.1 Rx= B CN 

Xx=� (c�i - C�1) 

(3) 

(4) 

in which subscripts 1 refer to initial bal
ance values and subscripts 2 to final 
balance values. 

Equations (3) and (4) show that the 
resis ance and reactance balances are 
independent and that each depends di
rectly upon a change in setting of a 
variable air condenser. The absence of 
the cross terms that make the power
factor and capacitance balances inter· 
dependent in the Schering bridge results 
from the fact that the zero capacitance 
of the condenser CA is balanced by the 
resistor RP rather than by a trimmer 
capacitance CB across the ratio arm RB. 
The fact that die res.stance component 
is measured in terms of the fixed re· 

3 EXPERIMENTER 

sistance, RB, and variable capacitance, 
CA, is vital in establishing the wide :fre
quency range, since these elements can 
he made with very small residual param. 
eters. They combine, in this circuit, to 
form the equivalent of a continuous! 
variable resistor having residual react
ance much less than any variable re
sistor currently known. 

D ESCRIPT ION 

The complete circuit diagram of the 
bridge in igure 3 shows the modifica
tions in the basic circuit of Figure 1 
necessary to meet the need of a com
mercial instrument. The conden ers CA' 
and Cp' are trimmers for setting zero on 
the resistance and reactance dials when 
making the initial balance. The two 
ratio arms, RA(L) and RA(C), and the 
associated switch are pro ided so that 
the reactance dial can be set initially at 
zero for measuring inductive reactances, 
or at 5000 ohms for mea uring capaci
tive reactances. 

A panel view of the instrument is 

FIG RE 4. Panel view of the bridge. The standard connecting leads supplied with 
the inst1·ument plug into the jack adjacent to the reactance dial. 
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GENERAL RADIO 4 

shown in Figure 4. Immediately below 
the RES STA E dial, at the right, is 
the INITIAL BALANCE knob con
trolling the ondenser CA'· Immediately 
below the RE CTA CE ial, at the 
left, i the I ITIAL BALANCE knob 
controlling the condenser Cp'. Immedi
ately above the REACTANCE dial i 
the L-C witch for measuring inductive 
and capaciti e reactances. The jack to 
which the unknown impedance connects 
i mounted in the center of the circular 
window abo e and to the right of the 
REACTANCE dial. A connecting lead, 
with a probe that plugs into this jack 
and that house r s"stor Rp, is u ed to 
connect to the unknown impedance. Two 
of these leads, of different lengths, are 
supplied with the instrument. 

D ES IGN FEATURES 

While the circuit of Figure 2 is, in 
general, inherently more suitable for 
high frequency operation than pre iousl 
used circuits, the actual characteristics 
obtained are directly aff cted h the 
mechanical and electrical de ign. Some 
of the more interesting features are 
described belo . 

In Figure 3 triple shielding is shown 
surrounding the reactan e-measuring 

assembl comprising capacitances Cr 
and Cp'. The inner shield localizes the 
variable stray capacitance of the RE
ACT ANCE condenser, Cp, within the 
shield so that it cannot appear aero 
the INI TIAL BALA CE condenser, 
Cp', and cause interlocking of the set
ting of the two ondensers. The middle 
shield eliminates any capacitance of the 
inner shield to ground and substitutes 
an intershield capacitance across the 
I ITIAL B LANCE conden er. The 
outer shield elllninates the capa itanc 
of the middle shield to ground and suh-

titutes an intershield apacitance across 
the econdary of the transformer. The 
assembly a a whole therefore prevents 
any capacitance but that of the measure
ment jack itself from appearing a -ross 
the mea urem nt terminal , and elimi
nates any capacitan e to ground be
tween the measurement jack and the 
right-hand orner. of the bridge. The 
ca pa itance of the outer shield to ground 
app ar a ros the condenser, CN, in the 
lower left-hand bridge arm. ctually the 
outer ho dimensions and the spacing to 
the panel and cabinet hielding are so 
chosen that this residual capacitance 
forms ·the apacitance, CN, it elf. 

T-.. o 1:1 plug-in shielded transformer 
are upplied to cover the fr quency 
ranges from 400 kc to 3 Mc and 3 Mc to 

•IC RE 5. ectional view of the shielded plug-in tr an former. To make the hielding 
as com plete as possible each windh1� is individually shielded with copper foil, in 

addition to the slotted brass tubes. 
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60 Mc. As shown in Figure 3, double 
hielding is required to com.plete the 
hielding system. of the reactance

condenser assembly. The fundam. ntal 
shielding requirements are that the 
grounded prim.ar be located within a 
shield at ground potential and -that the 
ungrounded secondary he located within 
a shield connected to the left-hand cor
ner of the bridge. The hielding must 
prevent capacitive coupling b tween the 
windings, must be located so tha-t the 
capacitance between the two hields is 
small compared with the capacitance -to 
ground of the outer shield of the react
ance-condenser assembly, and must not 
seriously impair the magnetic coupling 
between the windings. The design that 
has been found to furni h a satisfactory 
compromise ·s shown in Figure 5. 

The most serious source of trouble in 
the design of these transformers wa 
found to be the electromotive forces in
duced in the two split bra tubes used 
as shields between the primary and 
secondary. The potential differen e taken 
along a radius between the tube is 
practically zero at any point o long a 
-the slots in the two tubes are lined up. If, 
however, the slots are not imm dia t 1 
opposite, over a sector between the two 

lot:s t:he radial pot:ential differen e is 
approximately equal to the electromo
tive force induced in a siI1gle turn in the 
magnetic field. Capacitive coupling h -

tween the ·two hield over this ector 
cau es a residual component of voltage 

5 EXP ER IME NTER 

to be introdu ed .from the left-hand 
corner of the bridge to ground. Thi 
component can au very large error 
in both resi tan e and reactance mea -
urem nt at th higher frequencies. 
Locating the leads to the windings di
rectly opposite the lots conn cting the 
brass tubes to the coil at the ame point, 
and lining up the lot arefully, make 
the error from thi source negligible. 
Rotation of the outer bra tube with 
respect to th inner, in fact, i used a an 
adjustment to eliminate it. 

Residual un anted impedances in the 
various cir uit elements and in the 
wiring cause d iation from th ideal
ized behavior o far tacitly assum d. 

ince the orre tions that must he made 
for them generally depend upon fre
quency, the determine ha ically the 
frequency liinits between " hich th m-

trUIIlent i atisfactor . One of th two 
corre tions to he made is nece sita ted by 
the los in the dielectric s Lructure of t:he 
REACTANCE condenser, Cp. Thi o 
causes an effective erie resistance that 
varies inver ely as the frequen and 
inversely a th quare of the capa i
tance. It estahlishe. the lower frequen y 
limit for accurate mea urements in th 

icinity of 4.00 kc. plot of the effective 
series re istan e a a function of dial 
setting and freque:n ·y i ho n in Fig
ure 6. The other correction to h made 
arises from the effecti e erie in.du -

2.e FIG RE 6 (riBht). Effect:i e eries re i t:ance of i· a tance 
conden er a a funct:ion of dial et.ting and fr quenc . 26 

2.4 \ 

FtGUH.E 7 (below). orr t.ion Lo he applie<l to resistance 
dial ceading as a funct:ion of frequency. 

I I I 
fl I 'I 

JV§1 t/J/ 
/ 1 , 

v/,'. 
- � �� 

2 10 20 
�RCOU�NCY l���C�CYCLE.S 

� 
0'"' ."'"" 

so 

22 

,_ .. 

I 
\ 

I\ \ 
\ 

\ \ 
\ ' '\. 

'-. .. 

2.0 
l8 
'-" 

l2 
1.0 

o.e 
o.e I" , "' 0.4 � 0.2 1---=--0 0.,. 

I\ 
"v., 

�� 
" """ 
-............. 

---

['__ 
I'---[""-..� 

r- -
<? � 10 20 

FRICOU!.NC" !Pf ME.CAGYCLC.S 

www.americanradiohistory.com

www.americanradiohistory.com


GENERAL RADIO 6 

tance of the RESIST N CE conden er, 
CA. This residual inductance, L, causes 
the effective capacitance, CA, to differ 
from the static capacitance, CA, accord
ing to the relation 

" CA CA= ----

1 - w2LCA 
A plot of the correction to he made to 
the RES STANCE dial reading as a 
function of frequency is shown in Fig
ure 7. As the frequency is raised, the 
inductance is seen to reduce progressively 
the resistance range that can he meas
ured and to estahli h an upper limit for 
accurate measurement in the vicinity of 
60 Mc. 

LEAD CORRECTIONS 
In common with other t p of 

impedance-measuring equipment, the 
bridge can only measure impedance at 
its own terminals. The residual imped
ances of the leads used to connect the 
unknown impedance to these terminals, 
however, often cau es this impedance to 
differ from the impe ance appearing at 
the terminals of the device under test. 
Under some circumstances the difference 
can be ignored and the measured im
pedance taken as the impedance of the 
device under test, including the leads. 
In most cases, however, the device will 
not be used with the same leads used to 
connect it to the measuring instrument 
and it is necessary to compensate for the 
effect of these leads to obtain the desired 
impedance. 

To insure standard measurement con
ditions, two connecting leads are sup
plied, one about 5" long and the other 
about 27" long, over-all. Approximate 
capacitance and inductance figures are 
given in the instruction hook and sim
plified procedures for making the correc
tions are outlined. 

APPLICATIONS 

The wide frequency range covered by 
t e new bridge permits convenien and 
accurate direct measurements of low 
impedances at frequencies extending up 
through the f-m hand to the top of tele
vision channel I. Two typical examples 
of measurements on an antenna and 
transmission line at frequencies between 
2.5 and 60 Mc are shown in Figures 8 
and 9. In addition to measurements of 
impedances that fall within the direct
reading ranges of the bridge, measure
ments can, of course, he made of higher 
impedances by indirect methods. The 
following examples show procedures to 
be followed in making typical measure
ments. 

(a) Measurement of 100 µµf Condenser at 500 
Kilocycles. 

The unknown impedance, in thi e ample, is 
a small mic

.
a condenser of good J?OWer factor. 

Plu� short connecting lead (916-P3) into 
panel 1ack and fasten one lead of unknown con
denser to panel binding post. Adjust location 
of unknown conden er so that clip of connecting 
lead can be transferred from ungrounded con
d n er lead to grounded condenser lead with 
minimum change in connecting-lead position. 
Reactance of conden er will be about 3200 
ohms (1600-ohm change in dial reading) o 
balance cannot be made with switch in L posi
tion. 

With switch in Closition establi h an initial 
balance. Set the RE CTANCE dial at the low
est convenient reading, ay 4000 ohms. 

Transfer clip of connecting lead to un
grounded lead of unknown condenser and re
balance with RESISTA E and REACT
ANCE dials. Suppose the respective readings 
are 2.3 oh·ms and 2450 ohms. Before corrections, 
the oh erved resistance, R0 and reactance X., 
are: 

R. = 2.3 ohm 

X. = 2450 
0
�

5 
4000 

= -3100 ohms 

To correct for dielectric Jo in the REACT
NCE con.den er look np in Figure 6 the 

effective re i tances for dial settings of 4000 
ohms and 2450 ohms at 0.5 Mc. The corrected 
value of R. then becomes 

R. = 2.3 + 1.5 - 0.6 = 3.2 ohms 

To correct for the connecting-lead capaci
tance to ground, look up, in the lead reactance 
chart, the corresponding reactance a· It i 
-114,000 ohm . A ppl ying Equation (Sa) and 
(6a), which are given in the instruction book, 
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Rx = 3.2 [ 1+2 ( _�:�.��o) - ( -1ii.ooo )2] 
= 3.4 n 

x - -3100 + ( -3100)2 - (3.2)2 
"' - - 114,000 

-3184 n (capacitive) 
From these measurements, the capacitance, 

C.x, and dissipation factor,* Dx = �: , are: 
1012 C"' 271" X 0.5 X 106 X 3184 = lOO µµf 

3.4 
Dx = 3184 = 0.0011 = 0.11 % 

This example is cited as an extreme ca e, in 
which failure to correct for the dielectric loss of 
the REACTANCE condenser lead to an error 
in resistance measurement of nearly 30 0• For 
impedances in which the resistance component 
is larger compared with the reactance compo
nent the correction is of less importance. 

(b) Measurement of Broadcast Antenna at 
1170 Kilocycles. 

In a typical case, the antenna ter.minal is 
located within a metal rack in a small house at 
the foot: of the antenna tower. The bridge can 
be set: up on packing boxes to come up to the 
front gf the rack but cannot: be brought close 
enough t:o the antenna terminal to use the short 
connecting lead (916-P3). 

Plug long connecting lead (916-P4) into 
panel jaGk. Ground bridge to rack with short 
l ead, preferably of copper strip l" or so wide. If 
this connection cannot be made conveniently to 
the clamp provided on the instrument case the 
panel can be loosened and a piece of copper foil 
slid onto the crack between the panel and the 
instrument case. Do not ground to panel screws 
as they may not be rnakin{!, contact to the panel be
cause of paint. Arrange connecting I ad so that 
it can he clipped to antenna terminal or to 
nearest ground point on rack with as little 
change in physical location as possible. The lead 
should be kept as far away from metal objects 
as possible throughout its length by any con
venient means such as suspending it with tring. 

*Thie quantity ie practically equal to the po-wer factor 
(R:z;/Zx) for small values, and is often so mi called. 

FIGURE 9 (ri{!,lrt). Input reactance and r sistance 
of a transmission line. The solid line bow cal u
lated values; the circles, values measured with th 

bridge. 
FIGURE 8 (below). Reactance and resistance of an 

antenna system as measured by the bridge. 
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7 EXPERIMENTER 

uppose the antenna to he about 0.6 wave
lengt� . long, with an impedance having a 
capac1tl e reactance co .mpon en1:. With the 
toggle switch set to the C position, and the 
connecting lead grounded to the rack, est:ablisb 
an initial balance. Set t:he REACTANCE dial 
to 5000 ohms pending furt:her knowledge of t:he 
magnit:ud of the reactance. 

Transfe r clip of connecting lead to antenna 
terminal and rebalance w'ith RESISTANCE 
and REACTA CE dials. Suppose the res�ec
tive readings are 193 oh.m.s and 4850 olnn.s. The 
resis'lance reading is adequate; the reactance 
reading i not as precise as might he desired 
because of crowding of the REACTANCE 
scale. To obtain a more precise reactance meas
urement, throw the t:oggle switch to the L posi
tion, set the REA TAN CE dial to zero and 
rebalance the bridge with the t:wo INITIAL 
BALA E controlE. Tran fer clip of connect
ing lead to gro und on ra k and rebalance with 
RES I ST NCE and REACTA CE dials. The 
RESI TANCE dial should rebalance at zero· 
suppose the REA TA CE dial reading is 160 
ohms. Before corrections, the observed re
sistance, R., and t·eactance, •• are: 

R. 193 ohms 
-160 X. l.l 7 -== -137 ohms 

The corrections for dielectric loss in the RE
A TA E condenser and inductance in the 
RESISTANCE condenser are seen, from Fig
ures 6 and 7. to be negligible. To corr ct for the 
�onnecting-lead capacitance to ground, look up, 
m the lead reactance chart, the c rresponding 
reactance, Xa. It is -16,000 ohms. Applying 
Equation (Sa) and (6a), which are given in the 
instruction book, 
Rx = 193 [1+2 ( _����o) - (_::�00)

2] 
=196 n 

X -]37 + (-137)2 - (193)2 
z -16,000 

-136 n (capa itive) 
In this example, c rrections are very small. 
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GE N ERAL RADIO 8 

Th TYPE 916-A Radio-Fr quency Bridge i 
particular ly uited for such mea urements. 

(c) Measurement of Terminated 72-0hm Coax
ial Line at 50 Mc. 

At ery high frequencies, lead corrections 
becom ry important. It is, therefore, n ces
sar to use the hort connecting lead (916-P3). 
It is al o d irab] , if po ibl , to bring up the 
out r condu tor of th coaxial line ov r the 
panel and make contact to it di rectly at the 
ground binding post on the panel. 

lug hort onn cting 1 ad (916-P3) into 
pan.el jack. lip to outel" condu tor of lin or to 
ground binding po t on panel, set toggle witch 
·to the L position, and establi h an initial bal
ance. et REACT · C dial to as low a value 
as pos ible, say .500 oh1ns. 

Transfer clip of conn ting lead to center 
conductor of coaxial line and rebalance with 
R SI T CE and RE T E dials. Sup
po e th respective readings are 64.5 ohm and 
1450 ohms. Before corrections, the observed 
res1 taace, Re, and reactance, Xe, are: 

R,, 64.5 ohrn 
1450 - 500 .. 50 +19 ohms 

To correct for inductance in the RE IST-
C condenser look up, in Figure 7, the 

correction for a dial reading of 65 ohms at 50 
Mc. It _is 1.17. Tb corrected value of Rc then 
becomes 

R. = 64.5 X 1.17 = 75.4 ohms 

To correct for tbe connecting-lead capaci
tance to ground, look up, in t:be lead reactancc 

hart, th correspond ing reactance, a· ]t: i 
-1150 ohms. Applying Equation (Sa) and 
(6a), which are given in "the instruction book, 

R,; 75.4[ i + 2 ( _�i50) - ( -.?�i�o)2] 
72.6 n 

( +19)2 - (75.4)2 
"' +19 + -ll50 

+23.7 n (inducti e) 

Thi exam.pl i cit d as an extreme ca e, in 
which failure to orrect for tbe inductance of 
the RESIST AN E conden er lead to an error 
in r ist:ance mea urcment of the order of 12 

- D. B. SINCLAIR 

SPECIFICATIONS 
F r e q u e n c y R a n g e : 400 kc to 60 Mc. 
Re act a n  c e Ra n ge: 5000 n at 1 Mc. This 
range aries in er ely as tbe freJi��ncy, and at 
other frequencies the d ial re a · g mu t be 
di ided by the frequen yin megac cles. 
R e s i s t a n c e R a n g e : 0 to l 000 n. 
Accuracy: For reactan e, ±2% ±1 n. 

For resistance, ±J % ±0.ln, ubject to or
re tion for re idual parameters. At high fre
quencie the orr tion pend upon the fre
quenc and upon tbe maanitude of th unknown 
resistance component. A:t low frequen ies th 
correction depends upon the frequen y and 
upon tbe maanitude of th unknown r actance 
component:. P l ot of both the e corrections are 
given in th in truct:ion book that is supplied 
with 1-he bridge. 
Accessories Supp Ii e d : Two in pnt trans
formers, one overing the rang from 400 kc to 
3 Mc, the other from 3 Mc to 60 M ; two lead 
of different lengths (for connecting the un
known impedance); two coaxia l cables for con
n cting gen rator and detector. 

T_.vpe 

A c c e s s o r i e s R e q u i re d : A radio-frequ ncy 
generator and detector are r quired. The T PE 
605- B Standard-Signal Gen rator is a atis
factor · generator. A well-shielded radio re
cei er covering the desired frequency range is 
recommended a the d t:e tor. The coaxial cable 

upplied for conne tion to the re eiver is fitted 
with pad terminals a"L one end for onnection 
to the receiver in put terminal . For be t re-

ult , how er, it i r ommended that th 
recei er be fitted with a TYPE 774-G Panel 
Plug and the cable with a TYPE 774-M Cable 
Jack. 

M o u n t i n g : Airplane-luggage t pe case wi"Lh 
carrying handles. Both input transformers are 
mounted in ide the ca e. Coa ial cables, Jeads, 
and in tructiou book are stor d in the over 
of tbe in trum nt when not in use. 

D i m e n s i o n s : 17 X 13 31 X 11.Vs inches, o er
all. 

N e t W e i g h t : 35 pounds. 

Code irord Price 
916-A I Radio-Frequen y Brid ge .................... ·I Cl lC 350.00 

Patent. applied for. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRID GE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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