
The G�N�RAL RADIO 

E:XP E: RIME: NTE: R 
VOL. X. No. 5 OCTOBER, 1935 

ELECTRICAL COMMUNICATIONS TECl-INIQUE 

AND ITS APPLICATIONS IN ALLIED ·FIELDS 

SHIELDED TRANSFORMERS FOR IMPEDANCE BRIDGES �- HEN making direct impe­

l! dance measurements with 
r i any k · nd of bridge, a 

hielded trans£ orm.er is 
ordinarily used to 
connect ither the 

bridge measurements, let us consider 
the bridge circuit of Figure 1, 2, and 
3, where the tran former is used to 
couple the generator to a grounded 

bridge. Figure 1 
shows the generator 

gen rator or the de­
tector to the bridge. 
The purpo e of the 
tran former is to re­
duce or elim.inate 
the errors in mea­
surement which re­
sult from stray im­
pedances between 

IN THIS ISSUE 
connected directly 
to the bridge. Under 
this condition, the 
t e r  m i n  a 1 i·m1 p e­
dances (Z1 and Z2) 
of the generator to 
ground are placed 
directly across the 
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the terminals of the generator (or the 
detector) and ground. Although in 
the substitution method these errors 
generally cancel out of the simple 
bridge equations, it is desirable to 
make them as small as possible in 
order to minimize second order ef­
fects. Another le s important u e is 
the matching of impedances between 
the bridge and the external circuits 
to obtain maximum. power transfer. 

o illustrate the general applica­
tion of shielded trans£ ormers in 

bridge arms C and 
D. The e impedance are usually ca­
pacitive and have an extremely poor 
power factor. The 1·esulting error in 
measurements of capacitance and 
power factor is large, since these 
terminal capacitances amount to sev­
eral hundred micromicrofarads when 
an a-c operated o cillator i used, and, 
in addition, they are seldom balanced 
to ground. 

The shielded tran former of Fig­
ure 2 completely eliminates these 
generator impedan e hut substitutes 
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FIG RE 1 (Jeft). Schematic ci rcui L of a grnunded 
bridge upplied by a generat r ha' ·ng two un-

equal terminal impedance 1.o ground 

FIGURE 2 (right). ch matic diagram showing 
the u e of a singly- hielded transformer be­
tween generator and bridge. T e imp danc Z 

in their place the terminal capaci­
tances C1 and C2 of the econ.dary 
winding of the tran form r to the 
shield. While these capacitances can 
he made equal, they are u ually quite 
large, amounting to veral hundred 
micromi rofarad and, for this rea­
son, the ingly- hield d transformer 
i seldom u ed. For equal-arm bridges 
the 1·esulting error is negligible only 
if the terminal capacitance are 
equal and, in unequal-arm bridges, 
only when their ratio is the same as 
that of the ratio arms. Since it is im­
possih e to vary the ratio of terminal 
capacitance as the ratio arms are 
changed, a doubly-shielded trans-

c, 

'V i----0---1 h 

p 
z + 

s 

represenLs the equivalent terminal impedance 
between one side of the generator and ground. 
For conveni nee in analyzing the problem, 
this impedance is a sumed to he a sociated 

entirely w i th one generator terminal 

form r offers the be t solution to the 
p1:oblem. 

An additional error i introduced 
by the presence of the capacitance 
c3 between primary and secondary 
winding . If C3 is appreciable com­

pared ith the impedance in the 

bridge arm C, a fraction. of the gen­

erator voltage is applied aero s this 
Ca 

arm, proportional to the ratio--' 
c 

since the impedance of the power 

source to ground 1s u ually much 

smaller than that of C.,. 
Figure 3 shows the doubly-shielded 

t1·ansformer connected to a hridg . 
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Here the bridge is isolated from the 
load by the series combination C5 
(or C6) and C4 and, if C4 is made 

small, the effective terminal capaci­
tance is kept at a low value. 

The requirements for a good doub­
ly-shielded trans£ ormer are met by 
the TYPE 578 Transformer, originally 
described in the Experilnenter for 
April, 1934. * 

This transformer, which is shown 
schematically in Figure 3, is designed 
to reduce both the terminal capaci­
tance shown in Figure 1 and the d i­
rect capacitance C3 of Figure 2. When 
used with a conventional type of im­
pedance bridge, the shield on the gen­
erator side is grounded to prevent 
the to-ground impedance of the gen­
erator from introducing errors into 
the measurement. The terminal ca­
pacitances for the winding on the 
bridge side then consi t of C5 (or C6) 
in series with one-half the series­
p arallel network C4, C7, C . Each 
terminal capacitance is then 28 µµf. 

f the case is grounded, thus short­
circuiting C7, the terminal capa i­
tance is increased to 40 µµf. 

The e values are sufficiently low, 
compared to the usual :figure of sev­
eral hundred micromicrof arads, to 
be negligible when. measuring di­
rectly large cap acitances or when u -

ing a uh titution method with the 
bridge. Under other condition , al­
lowance can he made in the r suit 
for any rror which they may cau e. 
Since they are equal, their effect is 
usually negligible in equal-arm 
bridges. 

The capacitan e C3 is onl 0.2 µµf. 
TYPE 578 Transfo1·m rs are m ade 

*R. F. Field, "A . hielded Transformer for Bridge 
se," General Radio Experi1nenter, April, 1934. 

FIGURE 3. The grounded bridge supplied 

through a doubl - hielded tran former. Av­

erage values of the transformer capacitances 

for TYPE 578 Transformer are as fo I ws: 

Ci. C2, C6, 6 . . . . . . . . .  each 200 µµf 
Ca . . . . . . . . . . . . . . . . . . . . . . .  0.2 µµf 
C1, C8 . . . . . . . . . . . . . . . . ach 70 µµf 
c� . . . . . . . . . . .  _ . . . . . . . . . . . . 30 µµf 

in three models covering a total fre­

quency range of from 20 cycles per 

econ.cl to 500 kc. The turns ratio for 

each model is 4:1, giving an impe­

dance transfer of 16: 1. Exact impe-
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since losses are ea ily compensated 
for hy increa ing either generator 
power or detector gain. The TYPE 
578 Transformers are suitable for all 
impedance ratios between 1 to 16 and 
16 to 1, a ufficiently wide range to 
cover all ordinary bridge-circuit re­
quirements. 

FIGURE 4. The air space between the two in­
dividually-shielded winding is the important 

factor in reducing terminal capacitance 

TYPE 578 Transformer can be used 
with th TYPE 293-A Impedance 
Bridge and, if mounted on a suitable 
plug-type base, in the TYPE 516-C 
Radio-Frequency Bridge. The range 
of the radio-£ requency bridge can in 
this way he extended down to audio 
frequencies. 

The A- and B-types can be u ed to 
step-down the 110-volt, 60-cycle, line 
voltage to supply a TYPE 650 Impe­
dance Bridge. 

dance matching is of little conse­
quence in bridge meas1:1-rements, 

Type 

578-A 
578-B 
578-C 

Frequency Range* 
50 cycles to 10 kc 
20 cycle to 5 kc 

2 kc to 500 kc 

Impedance Ranf!,e* 

Primaryt econdaryt Code Word 

50 n to 5 n lK n to lOOK n TABLE 
60 n to 6K n lK n to 120K n TENOR 
20 n to 2K n 4K n to 40K n TEPID 

Price:!: 

15.00 
15.00 
15.00 

•Range for voltage transfer within 6 db of maximum value. Al extreme ends of both :impedance and frequency 
ra·ngcs, the combined loes may be 12 db. 
tThe low impedance winding i considered to he the pri:m'ary. 
;t:TYPI': 578 Transformers mounted on plug-type bases for use in TYPE 516-C Radio-.Frequency Bridge can he sup­
plied at an increase of $5.00 over the prices shown. 

REACT ANCE CHARTS 
-

WE have ava "lable for distribution 

a limited number of small-scale re­
production of the reactance chart 
mentioned in the March, 1935, issue 

of the Experimenter. These are our 

standard catalog page size, 10 x 6% 
inches, suitable for use in loose-leaf 
notebooks. We shall he glad to send 

copies to any who request them. 
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'NCREASED ACCURACY WITH THE PRECISION CONDENSER 

E
XTENSIVE investigations of the sta­

bility of the TYPE 222 Precision 
Condenser have shown that the con­
denser is capable of holding a cali­
bration made with a greater preci­
sion than has hitherto been consid­
ered feasible. The scale is sufficiently 
open on all models to permit settings 
to a considerably greater precision 
than is necessary for the calibration 
usually supp lied. 

The TYPE 222-L Precision C on­
denser is provided with a worm and 
50-tooth gear, so that 25 turns of the 
worm are required for the 180° of 
rotation which lie between minimum 
and maximum capacitance. The drum 
mounted on the worm shaft has 100 
divisions, each of which is about 1/16 
inch long. There are then 2500 divi­
sions, into which the capac"tance in­
crement may he divided. By estimat­
ing tenths of these divisions, the total 
scale length may he read to one part 
in 25,000. Over the middle 20 turns 
of the worm, the capacitance incre­
ment per turn is about 60 µµf, so that 
one worm division equals 0.6 µµf 
and 0.1 division equals 0.06 µµ f. 

The calibration chart regularly 
provided with each condenser gives 
the capacitance for each turn of the 
worm. to an accuracy of 1 µµ f or 
0.1 %., whichever is the greater. The 
limit of 1 µµ f is set by the lack of a 
standardized technique in connect­
ing the condenser into a measuring 
circuit, while the limit of O.l 70 is de­
termined by uncertainty in the value 
of the micromicrof arad. These two 
�imits are equivalent for a capaci-

ance of 1000 µµf. Since the stability 
of the condenser when carefully 

handled is at least one part in 10,000, 
a calibration to an accuracy of 0.1 
µµ f or 0.1 o/o, whichever is the greater., 
is of considerable value hecau e it 
allows capacitance differences to he 
measured to an equal accuracy. The 
fact that the absolute capacitance is 
known only to 1 µµ f is no detriment, 
because all precise bridge measure­
ments of capacitance are made by a 
substitution method in which the 
standard is not disconn.ected from. the 
circuit. 

To realize this accuracy, the set­
ting of the worm. must be read to 1/5 
of a worm division and the effects of 
backlash avoided by always ap­
proaching a setting from the same di­
rection. Because of a slight eccen­
tricity in the worm itself and minute 
irregularities in the hearings of the 
worm. shaft, the capacitance change 
is not exactly linear throughout each 
turn of the worm. An approximately 
sinusoidal variation usually appears 
which, expressed as a capacitance., 
may amount to a divergence from 
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linearity of 0.3 µµ f. This worm varia­
tion repeats it elf for each turn of 
the worm throughout the linear 

capacitance range. It is expressed as 
a correction which is to be applied 
to the value of capacitance obtained 
from the calibration chart by linear 
interpolation. 

As an illustration of the use of such 

a calibration chart and worm correc­
tion, let it be de ired to find the 
capacitance corre ponding to a read­
ing of 1646.8 divi ions. The calibra­

tion chart in the vicinity of this set­
ting read a follows: 

cale etting Capacitance Capacitance 
in µµf Increment in µ.uf 

�����=-----�� 1400 
1500 
1600 
1700 
1800 

812.2 59.� 
871. 5  59.2 

930.7 59.2 

989.9 59.0 

1048.9 

The worm correction is: 

Worm Divisions 
0 

10 
20 

30 

40 
50 
60 
70 
80 
90 

100 

Correction in µµf 
0 

-.1 
-.2 
-.2 

-.1 
0 

0 

0 

0 

0 

The calibration chart g1ves the 
capacitance at 1600 divi ion as 
930.7 µµ f, at 1700 divisions a 989.9 
µµ £, the corre ponding capacitance 

increment a 59.2 µµ£, the worm cor­
rection at 40 divi ions a -0.1 µµf, 
and at 50 divi ions as -0.l µµ £. Lin­

ear interpolation give a value of 
958.4 µµ f for a given dial etting. 
Adding the worm orrection of -0.1 

---== 

µµf gives the final capacitance value 
of 958.3 µµf. 

The capacitance calibration ob­

tainable from such a calibration 
chart is internally consistent to ari 
accuracy of 0.1 µµf or 0.170, which­
ever is the greater, hence capacitance 

differences may be obtained to an 
accuracy of 0.2 µµf or 0.17o, which­
ever is the greater. 

Similar alibrations may be made 

on other typ of precision condens­
er with the ame limits of accuracy. 
In the ca e of the TYPE 222-M Preci­
sion Conden er, which i already ad­
justed to be direct reading in capac­
itance difference to 1 µµf, the cali­
bration takes the form of a single 
correction chart which gives the cor­
rection to he applied to the direct 
reading of the dial at every ten worm 
divisions. 

This calibration to 0. µµf may be 
made at the time of purchase of a 
new condenser or on any precision 
condenser returned to our factory. 
In the latter case, it is advi able to 
have the bearings of the condenser 
readjusted before attempting the ac­
curate calibration. The cost of such 
1·eadjustment is usually between $5.00 
and $10.00, dependent upon the 

amount of work nece ary. Condens­
ers made a number of year ago have 

only a single bearing for th worm. 
haft. It i not generally advi able to 

calib1·ate such condens rs to 0.1 µµf 
becau e of their inferior tability. 
The price of the complete calibration 
for either new or old condensers is 
$35.00. -ROBERT F. FIELD 
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RESIDUAL IMPEDANCES IN THE PRECISION CONDENSER 

W
HEN using a variable air con­

d nser a a capacitance tand­
ard at radio frequenc ·es, it is im­

portant to know the variation in ef­
fective capacitance and power factor 
as a function of frequency. These 

variations result from the pre ence 

of residual imp dance and can, if 

neglected, caus very appreciable 

errors in measurements in the radio­

£ requency range. 
The variation in effective capa i­

tance i caused by the inductance of 

the condenser structure and lead . 

Thi inductance is practically con­
stant with frequency and increa es 
the effective capacitance of the con­

den er by an amount equal to w 2 LC2. 
Mea urements made by mean of 

the TYPE 516-C Radio-Frequency 

Bridge on TYPE 222 Precision Con­
d nser indicate that th effective in­

ductance of the conden er is approxi­

mately 0.06 µ.h. Figur I show th 
increase in effective capacitance 

which this inductanc cau es at fre­
qu ncie up to 6 megacycles. The in­

ductance i nearly all in the upport 
and tator rod of the conden er and 
does not vary appreciably with dial 

setting. 
At low frequencies the dielectric 

lo s is con tan with scale etting for 
condensers in which the field through 

the solid dielectric is ind pendent of 

rotor po ition. Since the equivalent 
re i tance varie with both f requen y 

and scale setting and the power fac­
tor, while constant with frequency, 

__ var1e with setting, a "figure of 
merit," RwC2, i ordinarily used to 

express the magnitude of dielectric 
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FIGURE l. Iner ase in effecti e capacitance of 
a pr cision condenser cau ed b y an equivalent 

inductance of 0.06 µh 

losses. Thi quantity is con tant with 

both f requ ncy and scale setting. 

In addition to the dielectric loss, 
there is an. ohmic loss in the resist­

ance of the metal ic tructure. At 

radio frequencies the ohmic resist­
ance may he the con trolling factor, 

since it incr a es with fr quency 

while the diel ctric-lo re i tance 

decrea Thi metallic r i tance 
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FIG RE 2. Pow r factor and figure of merit of 

a precision condeuser as a function of ca­

pacitance at 1 megacycle. The full line urves 
are the true values obtained when dielectric 

lo and ohrnic lo s are combined. The dotted 
curve show the e quant:ities when only die. 

lectric loss is consider d 
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FIGURE 3. The varia·tion in RwC2 resulting 
from an accumulation of dust on the plates. 
The curve showing the effects of dust does 
not reach the .. plates clean" pJot at zero ca­
pacitance, because dust was removed from the 

solid dielectric as well as from the plates 

can be measm·ed by means of the 

radio-frequency bridge and 1s ap­

proximately 0.02 ohms at 1 mega­

cycle. Figure 2 shows the power f ac­

tor of the condenser and also RwC2 
plotted as a function of capacitance 

setting when both losses are com­

bined. As a reference, plots are also 

given of these quantities when the 

metallic loss is neglected. An inspec­

tion of these curves shows that errors 

up to 50% may occur if the metallic 

loss is neglected in the measurement 
of the power factor of a condenser in 

the range below power factors of 

0.057a, when the parallel substitu­

tion is used at radio frequencies. 

When measuring condensers of small 

physical size where the capacitance 

to ground is small, it is often possible 

to avoid the power factor error by 

using a series substitution. method. 

An.other residual impedance, not 

chargeable to the condenser itself, 
exists if dust accumulates on the 

plates. The dust coating produces a 

loss varying with capacitance which 

is particularly serious when the con­
denser is used as the standard for 
measurements by the substitution 

method. Losses which vary with set· 

ting in either the standard or the un­

known will yield erroneous results 
for the loss component of the un­

known con.denser. Figure 3 shows the 

variation in RwC2 for a TYPE 222 Con­

denser resulting from dusty plates. 
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