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ELECTRICAL COMMUNICATIO_NS TE:Cl-INIQUI: 
AND ITS APPLICATIONS1N-ALLll:D Fll:LDS 

IMPROVEMENTS IN RADIO-FREQUENCY BRIDGE METHODS 

FOR MEASURING ANTENNAS AND OTHER IMPEDANCES �]r CE the announce>nent of 
t:he TYPE 516-A Radio-
Fr e q u e n c y  Br i d g e  s o me 
months ago,* this bridge 

has been in u e continuously in the 
General Radio laborat.ories. I t.s appli­
cat.ions have included the measure­
ment of bot.h lumped and dist:ribut.ed 
impedances at. radio frequencies and 
t.he results obtained not only show the 
practicability of the method but also 
point. the way 1:0 improvement. in the 
design of t.he bridge it. elf. 

The range of usefulness of the original 
model was greatly limited by the in­
ductance of t.he resist.ance decade and 
by it.s change wit.h dial sett.ing. Al­
though this indu tance is less than one 
microhenry, it has an appreciable re­
act.ance at. radio frequencies. Both this 
total reactance and it.s change as the 
decade dial set.ting is changed produce 
an error in capacitance measurement. 

The effective capacitance of a con-

* .. Bridge Methods for Measurements at: 
Radio Frequencies," Charles T. Burke, Gen­
eral Radio Experim.enter, July, 1932. 

denser in series with an in.duct.an.ce is 
given by the expression, 

� c c = ...,--,----

1 - w2LC 
where C = effective capacitance in 

farads, 

C = capacitance of the con­
denser in farads, 

L = inductance in hen.rys, and 

w = 27r in radians per second, 
and the effective apacitance is always 
larger than t.he nominal capacitance by 

the factor 
1 

· If an inductance 
1 - w2LC 

of one microhenry is pla ed in series 
with a condenser of 500 µµf capacitance 
the effective capacit.ance will be 510 

µµf (an error of 2%), at a frequency of 
one megacycle. Since the error depends 
upon the square of the frequency, how­
ever, it is between 8% and 9% at 2 
megacycles. With smaller capacitances, 
the error is less· with larger ones it. is 
greater. 

The induct.ance of the resistance 
decade varies from a few tenths to one 
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FIGURE 1. areful elimination or com.pensa­
tion of parasitic capacitance and inductance 
makes the new radio-frequency bridge direct 

reading over a wide range 

microhenry, depending upon the decade 
setting, and it presents a serious bar­
rier to the use of the bridge as a direct­
reading in.strument-

ln the design of a new model, there­
fore, considerable attention has been 
given "to making the inductance of the 
decade cons"tant with dial set-ring and 
to providing in the unknown arm of the 
bridge an equal amount. of inductance 
to compensate- When this is done, the 
bridge can be made direct. reading in 
capacitance and the case of making 
measurements is greatly improved-

This new bridge is shown schemati­
cally in Figure 1. Ratio arms A and B 

are equal as in previou models. 
The in.du tance- ompensat.ed decade 

i shown in the lower left-hand arm of 
the bridge. This decade is so arranged 
that, when the resi tance etting is in­
creased, an amount of inductance equal 
to the inductance of the added resis­
tance cards is removed from the circuit. 
When the diaJ ettin g is decreased, a 
like amount of inductance is added. 
Thus an inductance equal to the total 

inductance of the decade is in circuit 
at all times. In order that its total 
value shall not cause an error in capaci­
tance readings, an approximately equal 
amoun"t of inductance Lo' is placed in 
series with the unknown arm of the 
bridge. The magnitude of Lo' is ad­
justed to make the total inductance in 
the X arm (incJuding leads to termi­
nals) equal to Lo plus the stray lead 
inductance in the standard arm. 

It will be seen from Figure 1 that 
neither side of the standard condenser 
Cs is at ground potential, and therefore 
each side has a definite capacitance to 
ground. The capacitance of the rotor 
to ground is shunted across the stand­
ard resistance Rs and its effect on the 
resistance standard i entire]y negligi­
ble over the useful range of the bridge. 
The capacitance of the stator to ground 
(Co in Figure 1) is in shunt with the 
entire standard arm of the bridge and 
can cause a serious error* in the setting 
of the resistance decade Rs. 

In order to eliminate this error, an 
equal capacitan e Co' is connected 
across the unknown arm as shown in 
Figure 1. This makes the bridge direct 
reading in resistance. 

The standard resistance Rs of the 
new bridge uses a decade of tenth-ohm 
steps instead of the slide wire used in 
previous models. The condenser Cp 

*The effective resistance is given by the 
expression 

R. R 

Co ] 2 

C 
(I - w2LC) 

where R = effective resistance in oJun 
R = decade dial setting (ohms) 

Co = ground capacitance (about 30 
µ,µI) in farads 

C = capacitance setting of Cs in farads. 
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across ratio arm B in Figure 1 serves 
two purposes. It allows a finer adjust­
ment of resistive component than is 
given by the tenth-ohm decade and it 
also permits power factor measure­
ments to be made without calculation. 
The dial is calibrated directly in power 
factor at 1 megacycle. At other fre­
quencies the dial reading is multiplied 
by the frequency in megacycles. In 
order that the bridge read correctly a"t 
the zero power factor setting of Cp, a 
con.denser Cp' equal to the zero capaci­
tance of Cp is placed across arm A. 

The TYPE 516-C Radio-Frequency 
Bridge is direct reading up to Ill ohms 
and 1150 µµf. For the measurement of 
inductance or ofhigher values of capaci­
tance, a small fixed condenser may be 
placed in series with -ihe unknown as 
shown in Figure 3a. When the resist­
ance of the unknown is above 111 ohms 
a parallel condenser or a combination 
of series and parallel units (see Figures 
3b and 3c) can he selected to produce a 
balance. While in each of these cases 
the bridge is not direct reading, the 
necessary calculations are not difficult. 

FIGURE 2. Panel layout of t:he 
TYPE 516-C Radio-Frequency 
Bridge. The circuit details are 

hown in Figure 1 

The terminals marked PARALLEL 

CONDENSER in Figure 1 are provided in 
order tha-r capacitances may he mea­
sured by the substitution method. A 
parallel condenser can also he con­
nec-ied here to extend the range of the 
standard con.denser. An additional pair 
of terminals engraved SERIES RESISTOR 

is provided. The direct-reading range 
of the bridge may be extended by add­
ing a plug-in resistor or an unknown 
resistor may be connected "to these 
"terminals and measured by direct 
substitution. 

The substitution method* for capaci­
tance and resistance measurements is 
recommended where precise results are 

* "An Equal-Arm Capacitance Bridge," 
R. F. Field, General Radio Experimenter, 
January, 1930. 
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FIGURE 3. Because of the very high values of resistance and rcactance encountered in impedance 
measurements near resonance, the impedance can be modified by series, parallel, or series­
parallel condensers to bring it within range of the bridge: (a) series connection for all inductive 
and for large capacitive reactances; (b) parallel connection for resistances greater than 111 

ohms; and (c) series-parallel connection where both (a) and (b) are required 

desired. When the bridge is used as a 
direct-reading instrument, some accu­
racy is sacrificed. The over-all accuracy 
obtainable is, however, extremely good 
in the range where the bridge is direct 
reading. Even at frequencies in the 
vicinity of 5 megacycles, the accuracy 
of comparison is about 53. At broad­
cast frequencies it is about 1 %-

The standards themselves are, of 
course, subject to some variation with 
frequency, due to skin effect in the 
resistors and inductance in the con­
denser frame. The resistance decade is 
adjusted at direct current to well.within 
0.13, and at one megacycle compari­
son with straight-wire standa1·ds shows 
a discrepancy of only about 0.1 %. At 
high capacitance settings, the frequency 
error in the condenser is detectable, but 
below 500 µµf no serious error occurs 
up to 4 or 5 megacycles. 

One particularly important applica­
tion of the bridge is in the measure­
ment of antenna characteristics. The 
bridge method has several advantages 

over resistance substitution or resis­
tance variation methods. 
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bridge .may be opera 1:ed from a small, 
por1:able� ha 1:1:ery-opera ted oscilJ a 1:or, 
whose outpu 1: is one wa 1:t or less. This 
has other advantages 1:han merely con­
venience. A low power oscillator can be 
completely shielded and direct pickup 
between the oscillator and the antenna 
can he eliminated. This� together with 
the avoidance of stray impedance 
errors, gives a decided advantage to 
the bridge method. 

Resistance measurements on a broad­
cast anterma made with the radio­
frequen.cy bridge are shown in Figure 4. 

This antenna is operated considerably 
above its fundamental (frequency) and 
consequent:ly all measurements were 
taken with a series condenser (Figure 
3a). Since an antenna is entirely resis­
tive at its fundamental� 1:his point can 
be identified as the frequency where 
1:he capacitance read on the bridge is 
equal to t:he capacitance of the seri.es 
condenser used. 

Figure 5 shows the resistance of an 
anterma from below its fundamental to 
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FIGURE 5. Resist:ance of a receiving a:nt:enna 
from below its fundam.ent:al t:o above its half­

wave point: 
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FIGURE 6. Resistance and reactance charac­
teristic of a multi-section choke in t:he vicinity 
of resonance. Note t:hat both inductive ( +X) 
and capacitive (- ) are, for convenience, 
plot:t:ed as positive to the sam.e scale as the 

resist:ance 

above its half-wave point (parallel reso­
nance). In. this measurement it was 
necessary to use a series con.denser up 
to 2600 kilocycles and the parallel con­
denser connection above2600kilocycles 
when the resistance exceeded 111 

ohms. The hump at the low end of the 
curve is due to energy absorption by 
another an.terma nearby. 

Other types of measuremen1:s con­
ven.ien.dy made with the bridge include 
the frequency characteristics of radio­
frequency coils and chokes. 

The resuhs of one set of measure­
ments are shown in. Figure 6, which 
represents the impedance character­
istics of a radio-frequency choke for use 
at broadcast frequencies. These mea­
surements were made with the parallel 
con.denser shown in Figure 3b and the 
results calcula1:ed from the parallel 
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circuit equations. Re istance,reactance 
and impedance, as well as inductance 
and self-capacitance, can be al ulated 
from the data obtain ed by means of the 
bridge. 

The TYPE 516-C Radio-Frequency 
Bridge is the result of several years of 
research and development work in 
radio-frequency m easurem ent s. Its 
accuracy, wide range, and ease of oper­
ation make it the m ost satisfactory 
in strument available for radio-fre-

quency im pedance measurement. It 
should be em phasized that the bridge 
is not intended to he com pletely a 
��fooJ-proof" instrumen t and, when 
improperly used, erroneous results can 
be obtained. In the hands of those 
possessing experience in the technique 
of high frequency m easurements it will 
fill a long-recognized need and will give 
dependable and a curate results. 

-C. E. WORTHEN 

TYPE 516-C RADIO-FREQUENCY BRIDGE 

SPECIFICATIONS 

Capacitance Range: 0 to 1150 µµf, direct 
reading. Can be extended to infinity by using 
a series condenser as described in the fore­
going article. 

Resistance Range: 0 to 111 ohms, direct 
reading. an be extend d to several thousand 
ohms by using a conden er in parallel with the 
unknown. 

Frequency Range: 500 kc to 5000 kc with 
output transformer furnished. With proper 
output transformer, range can be extended 
downward to audio frequencies. 

Accuracy: A a direct-reading bridge, 1 % to 
5% up to 5 megacycles. With direct sub titu­
tion method , greater accuracy can be ob­
tained. 

Accessories: The bridge is supplied complete 
with output transformer but without a radio­
frequency gen rator or detector. Operating 
instructions are also included. 

Additional Accessories Required: 

radio-frequency generat;or a TYPE 
As a 

484-A 

Modulated Oscillator is suggested. ee the 
October, 1932, issue of the General Radio 
Experimenter. 

Detector: A radio receiver co ermg desired 
frequency range. A TYPE 619-A or TYPE 
619-B Heterodyne Detector may he used. 
Consult Catalog G or Bulletin 10. 

Condensers: If measurements outside the 
direct-reading range of the bridge are to be 
made, plug-in fixed condensers are required. 
TYPE 505 Condensers are recommended. A set 
of these, whose capacitances are 100 µµf, 
200 µµf, 500 µµf, and 1000 µµf, i adequate for 
most purposes. See the Experimenter for Jan­
uary, 1933, and August-September, 1933. 

Dimensions: 18 inches (long) x 12 inches 
(wide) x 8 inches (height) over-all. 

Net Weight: 23 pounds. 

Code Word: B TCH. 

Price: $225.00. 
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C
OSTUME can be ren.t.ed and a cast, 

by many rehearsals., can be de­
veloped to give a creditable perform­
ance, but the mechanical auxiliaries 
such as lighting and scenery introduce 
difficulties that are extremely trouble­
some in amateur dramatics production. 
These di:fli ultie are especially serious 
where funds are limited and the produc­
tion must. be given on a stage rented 
for the one performance. 

It was such a problem t.ha t. confronted 
the ttFriends of the Drama/' an experi­
enced play-producing group of Arling­
ton, Massachusetts, when they gave a 
melodrama based on Harriet. Beecher 
Stowe's HUncle Tom's Cabin.'' Simon 
Legree and his blood hounds could 
chase E1iza aero s the ice realistically 
enough, but how was heaven to open 
and take up little Eva when she died? 
The conventional method of pulling 
her to ·the bridge over the stage with a 
block and tackle was out. of the ques­
tion from the dramat.ic as well as the 
mechanical standpoint., for the audience 
would most certainly have seen humor 
in.stead of the pathos that was in­
tended. 

THEATER NOTES 

Little Eva Goes to Heaven 
on a Variac: 

The ttFriends of the Drama" were 
fortunate enough t.o have j ust. com-

The control panel designed for "'Friends of 
the Drama" by Stage-Manager Dawe . Dials 
for the two Variacs are in easy reach of the 
operator who works with his elbows on the 

ue- beet de k 
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pleted an unusual control system for 
its stage lights and this was pressed 
into service to produce the death scene 
by means of lighting effects. As little 
Eva died, the stage lights gradually 
dimmed and a golden shaft of light, be­
hind the bed and pointing heavenward, 
grew gradually brighter as death came. 
The method was simple, yet ext1emely 
effective. 

The control system was the panel 
shown in the accompanying photo­
graph, an asbestos board fitted with 
wheels for portability on which were 
mounted dimming and power distribu­
tion circuits. The dimming controls 
were General Radio TYPE 200-CM 
V ariacs.1 These are small adjustable 
transformers that enable the operator 
to apply any voltage to his lights from 
a full 115 volts down to zero in steps of 
only �a volt. The operator sat in the 
first row with this small board and cue 
sheet before him and adjusted the bril­
liancy of the stage lights and the spot 
in steps so gradual as to be imper­
ceptible. 

This installation demonstrated sev­
eral very real advantages of the Variac 
over conventional resistance-type con­
trols in addition to the obvious ones of 
small mounting space and low price. 
The V adac dissipates a much smaller 
amount of heat, and although this may 
not make for comfort of the operator 
during rehearsals in an unheated hall, 
it should please the fire marshal. In 
addition, the voltage control on a Va­
riac is essentially independent of the 
load current. Hence it can be used for 
any number of lamps up to the maxi­
mum permitted by its current rating2 
and the operator can control the bril­
liancy from maximum down to com­
plete "black out." - J. D. C. 

1See General Radio Experimenter for June­
July, 1933. 

2The TXPE 200-C Variac is rated at 5 am­
peres, and, although overloading is not 
recommended, CLLrrenls 50% greater can be 
safely handled for periods of as much as 3 
minutes. Variacs having larger current ratings 
are under development. 

THE GENERAL RADIO COMP A.NY mails the Experimenter, without charge, 
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