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AN AUDIO-FREQUENCY SCHERING BRIDGE

® THE PRESENT TREND in a-¢ cuit. Itz three controls are conveniently
bridges. as in other measuring instru- arranged on its panel as shown in
ments, is toward direct-reading dials, Figure 2, power factor dial on the right,
which, in conjunction with decade capacitance dial and drum on the left,
multiplying switches, extend this di- with the capacitance multiplier above.
rect-reading feature over a very wide Capacitances up to 1 uf and power
range. It is equally desirable that the factors up to 69, (0.06 expressed as a
electrical quantities thus measured be ratio) at a frequency of 1 ke can be
those truly characteristic of the un- read directly. This range embraces
known impedance.
The two most important character-

O GEN C

istics of any condenser are its capaci-
tance and power factor. For any solid 5
dielectric condenser these quantities ‘ vy '
remain practically constant over a wide WX e “
frequency range. The Schering bridge ‘-\_y"_-’. )
circuit, Figure 1.in which the resistance | 7 |
balance of the bridge is obtained by I/ : |
. - . < l. DET. 4
connecting a variable air condenser N 9 L
across the ratio arm opposite the un- '\\ /,-’
> 2 | ;
known capacitance, is well adapted for ;* i
the direct measurement of power factor, N P,
. . - \ './ k'll""
for this air condenser can be calibrated X /,-’ ’*f>{‘
to read directly in power factor at any
one frequency. D, =R wC, = AuC,

™ Ty . 7 " P .. - e : - - ¥
Fhe Type 716-A (‘d]"" iance ”r"’#-"' Frcunk 1. Schematic diagram of a conventional

makes use of the Schering bridge cir- Schering bridge

ALSO IN THIS ISSUE
A Redesign of Type 200-B Variac
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Capacitance multiplier
ranges from

{senerator terminals -

by interchan
. or termir .
low, 700 volts he

applied to the bridge

condenser

may be connected

here for eobetitution
measure menis

Unkpown

Precision

lenser
100
to 1100 uuf

1 M)

Full-ecale
puf 1w L opr

Panel is slotted for
mounting in a 19.
inch relay rack. Cabi-
nel mounting is also
available

Shielded  termin
keeps zero  cap;
tance less than | puf

Power-factor scale i=

12 inches long and is

logarithmic from
0,1% to 69

Deteetor terminale may be interchanged

with generator terminals

if

desired

Ficune 2. Panel view of the Tyre T16-A Capacitance Bridge showing principal conirals
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1000
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Ficure 2b (right). The power-factor
scale is also shown here full size. The
open scale allows a power factar of

0.0027 to be estimated

most of the capacitances met with in

communication and electrical engineer-

ing: all but the largest sizes of paper

condensers, mica condensers, cables.

slabs of solid dielectric, liquids in large
cells, and ground capacitances of gen-
erators and transformers.

This bridge can also be used for all
the various substitution methods. The
direct-reading controls greatly simplify
not only the two balancings of the
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534 Main Street, Westbury, NY 11590

Ficure 2a (left). This is a full-size drawing of

the prec

ision-condenser scale. The smallest
division is 0.2 pef and 0.04 puf can be estimated

bridge but the calculations as well. The
direct-reading range of the standard
condenser, a TypE 722-) Precision
Condenser with only the large 1000-yuf
scale, embraces most air condensers.
small mica condensers, ceramic and all
other kinds of insulators, slabs of all
types of solid dielectrics and liguids
such as insulating oils in oil cells.
Capacitances greater than 1000 ugf
and up to 1 uf may be compared by
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direct substitution. The standard con-
denser in the bridge. together with its
multiplier. may act merely as a balanc-
ing arm. or may also take up the differ-
ence between the unknown and the
external standard. The bridge is thus
eminently suited to the inter-compari-
son of sets of standards and to produc-
tion testing, in which the differences
between the standard and the produc-
tion umits in both capacitance and
power factor may be seen to fall inside
or ontside predetermined limits,

The resistance balance of the bridge
may also be made by means of an ex-
ternal resistor. a Tyee 0602 Decade
Resistance Box. connected in parallel
with one of the capacitance arms.
Placed across the standard condenser
(see Figure 3) the bridge becomes
direct reading in parallel resistance and
capacitance. This covers all ordinary
measurements of the resistance of elec-
trolytes. Greater accuracy may be ob-
tained by using a substitution method.

When an external precision con-
denser is used. as was always the case
with the older Type 216 Capacity
Bridge. the resistance balance may be
made with a series resistance. Tenth-
ohm steps in this resistance give a finer
adjustment than it is possible to read
on the power factor dial., except at fre-
quencies below 200 cycles. In  this
manner the power factor balance may
be made to 0.00019 (0.000001 ex-
pressed as a ratio).

The various features of the Type
716-A Capacitance Bridge, which make
possible the wide range of uses just
catalogued, are shown pictorially in
Figure 2 and Figure 4. The most prom-
inent of these are the open scales of the
Tyre 722-D Precision Condenser used
as the standard of capacitance and of
the Type 539-TA Air Condenser used
for measuring power factor. FiGURE
2a shows that 1 puf, for which the
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precision condenser is direct reading,
covers a space of 0.2 inches or 5 divi-
sions. The limit of backlash and linear-
ity of the worm are ahout 0.1 guf, which
is Lo division, and 0,04 puf has some
sisnificance. Ficvre 2b shows that
around the zero of the power factor
scale the smallest division is 0,017,
(0.0001). so that 0.002%, (0.00002) may
be estimated. The negative portion ol
the scale i introduced so that in sub-
stitution measurements. in which the
unknown condenser is connected across
the internal standard, the power factor
bhalanee can be obtained without intro-
dueing extra loss in the balancing eon-
denser connected across the UNkxowy
ConpENsER terminals. The scale of the
power-factor dial is approximately
logarithmic from 0.17 up and extends
to 69.

The capacitance range of the bridge
is extended 1o 1 uf by using four differ-
ent ratio arms. The switching needed to
control these ratio arms is shown
schematieally in Figure 5. Assoviated
with each ratio arm in the B arm is a
mica condenser of such size that the
rcaialance-&‘apuuilance .[n'udurl is ap-
proximately constant. The exact equal-
izing of these produets is carriedfout in
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Ficure 3. Showing how a decade resistor can
be connected 10 read parallel resistance
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Ficure 5. Complete circuit diagram of the
Tyre 716-A Capacitance Bridge

the A arm by means of four variable
air condensers. A fifth air condenser,
whose control on the panel is marked
PowEr FAcTOoR ZERO ADJUSTMENT, is
provided to compensate for the tem-
perature coeflicient of the terminal
capacitance of the input transformer.
The success of a direct-reading
bridge depends on so arranging the
Fine-adjostment

compensating
condensers

Condenser 10 com

sate for rempera

coefficient of shielded
transformer

Tusuluted shiclds which

remove nll gtray cagpuie-

itance across the ca-
pacitance arm

Fower-lactor condenser. Plates are
shaped 10 give a logarithmic scale

Rutiv wrms, By means of the
i ir multiplying factors
steps are provided

various componenl parts thal no extra
capacitances are placed across the ca-
pacitance arms. I'o attain this end both
ratio arms with their adjusting con-
densers, the power factor condenser,
and the input transformer are mounted
on insulated sub-panels and completely
enclosed by dust covers. This shield is
connected to the junction of the ratio
arms so that all terminal capacitances
of these parts are placed across these
arms and balanced out by the initial
adjustment of the power factor con-
densers. The shielding is extended to
the high UNkxown CONDENSER termi-
nal and through the panel with the
result that the capacitance across these
terminals is not greater than 1 uuf. The
input transformer is doubly shielded
and the direct admittance of the gener-
ator winding to the insulated shield is
kept very small. Its effect on the read-
ing of the power factor dial is small and
comparable to the change in power
factor of the standard condenser with
selling.

Compensating condensers 1o keep

power factor of ratio arms con.
stant for all multiplier positions

Doubly - shielded

transformer which i=

needed  for  direct-

reading power-facta
dial

to. General

Adjusting plates by menns of which
condenser is made direct reading

Figuik 4. Rear view of the bridge with outer and inner shields removed, identifying
the principal components
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As a result of these design features
the accuracy of the direct readings of
the bridge at a frequency of 1 ke over
the capacitance range of 100 yuf to 1 uf

is for capacitance =029, or +2

uul
times the MuLTIPLIER setting, and for
power factor £0.0005 or +29 of the
dial reading. For substitution measure-
ments the accuracy in the power factor

mmproved to =0.00005 or

readings

+29 for the change in power factor

observed. Two condensers can be com-
p;irml to an accuracy of 0.2 pufl or
+0.029.

While the bridge is designed to be
used at a frequency of 1 kilocyele, it
may be used over the whole audio-
frequency range from 60 cycles to 10
ke. Since the readings of the power
factor dial are proportional to fre-
quency., its range is restricted at the
low frequencies and extended at the
high frequencies.

The input and output terminals are
marked GENeERATOR and DETECTOR for

the connections which place the input
voltage across the ratio arms and give
maximum sensitivity under most con-
ditions. The voltage thus placed across
the bridge is limited to 100 volts. By
interchanging generator and detector
connections, a maximum of 700 volts,
the safe voltage of the standard con-
denser, can be applied across the
Derecror terminals for equal ratio
arms and for 1 ke.

Being provided with a dust cover,
this bridge may be mounted on a panel
rack with its oscillator and amplif
shown in Figure 6. The Typre 508-A
Ogscillator and Types T14-A or 814-A

T as

Complete specifications for Tyee

T16-A Capacitance Bridge are given on

Type Mounting
T16-AR Relay Rack
T16=-AM Cabinet

@
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how the bridge can be
mounted in a relay rack with Tyee 508-A
Oscillator and Tyer T14-A Amplifier

Ficure 6. Showing

\mplifier are available for this use.

This assembly conserves bench space

and is particularly desirable for perma-
nent installations and production test-
The available

mounted in a walnut cabinet and may

ing. bridge is also
be used with its panel either vertical or

horizontal. as is found most convenient.
R. F. FieLp

yares 79 and 80 of Catalog J. Prices
pag [

are as follows:

Code Word FPrice
2335.00

360.00

BONUS
BOSOM
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A REDESIGN OF TYPE 200-B VARIAC

®@IMPROVED manufacturing
methods have made it possible to fur-
nish the Typr 200-B Variac with an
output voltage range of 0 to 135 volts.
This has been accomplished without
materially increasing either size or
weight. The new design permits this
type of FARIAC to be used for a num-
ber of purposes to which the older
model was not adapted because of its
limited output voltage.

Fig. 1

IE€T

534 Main Street, Westbury, NY 11590

CURRENT - AMPERES
=

CONTINUOUS OUTPUT
o
n

0 20 40 60 B w0 R0 w0
QUTPUT VOLTAGE

Figure 1 is a plan view of the wind-
ing showing the terminals. The
VARIAC can be so connected that the
maximum output is equal to the line
voltage (115 volts) or is above line
voltage (135 voltz). Each of these con-
ditions can be obtained for either table
mounting or palll’:l mounting, neces-
sitating provision for four sets of con-
nections as shown.

The dial which reads directly in out-
put voltage is reversible, reading 0 to
115 volts on one side and 0 to 135 volts
on the other.

CONTINLOUS QUTPUT
CURRENT —AMPERES

b 20 a0 80 8 w0 20

QUTPUT VOLTAGE
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Tyee 200-B Variacs are wound on the machine shown above

SPECIFICATIONS
Dimensions: 4 x 33( x 313{; inches, over-all.
Net Weight: 334 pounds. Code Word: BavLsa.
Price: $§10.00.

VARIACS are manufactured under U. S. Patent
No. 2,009,013.

Output-current
vs. output-voltage
characteristics  for
both 60-cycle and
50-cycle operation
are shown in Fig-
ures 2 to 5. Since
the no-load loss is
greater on 50-cycle
supply. the maxi-
mum mllpul cur-
rent is correspond-
ingly reduced.

Humming caused
by vibration of the
two halves of the
core was often pres-
ent in the older
model. Kach lami-
nation in the new
model is a complete
annulus  and no
tendency to hum
exists.

These new
VARIACS are
now being supplied
on all orders for

Tyee 200-B.
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MISCELLANY

® AMONG THE INSTRUMENTS exhib-
ited by General Radio at the Rochester
Meeting of the Institute of Radio
Engingers were the Tyere 721-A Coil
Comparator and the Tyee 726-A
Vacuum-Tube Volumeter. Both instru-
ments will be deseribed in early issues
of the Experimenter.

@ ON OCTOBER 1, Dr. Donald B.
Sinclair joined the Engineering Depart-
ment of the General Radio Company,
Dr. Sinclair was educated at the Uni-
versity of Manitoba and Massachusetts
Institute of Technology. receiving the
degrees of S.B. (1931), S.M. (1932) and
Se.D. (1935) from the latter institution.
Since 1932 he has been connected
with MLL'T. as a research associate.
During this period, part of his time
was spent at General Radio in research
work on high-frequency measurements.
It is with distinet pleasure that the
Engineering Department welcomes him
as a full-time colleague.
@ MR. H. B. RICHMOND

Radio’s treasurer) has just returned
from an extensive trip of exploration to

(General

California. Going out by boat, he ar-
rived on the strike-bound coast just in
time to heave a line in docking the ship.
Holly wood seems to have occupied most
of the California time. (He says busi-
ness, our private reports have not come
in yet.) Texas was next on the itinerary.
for a first-hand comparison of the rela-
tive attractions of the Fort Worth and
Dallas Fairs. Continuing e2st through
New Orleans and way states. he
emerged unscathed from the ordeal of
eleven nights in a sleeper.

@ MR. EDUARD KARPLUS has resumed
his work on the General Radio Engi-
neering Stalf after a several weeks’ trip
to Austria, U. S. 5. R., and France.
Mr. Karplus visited relatives in Vienna
and called upon our Austrian repre-
sentatives, Dr. Paul Holitscher and
Company. In Moscow he conferred
with officials of Technopromimport re-
garding pending contracts for labora-
tory installations. In Paris, he called
upon  Radiophon, our French repre-
sentatives, in company with whom he
investigated the bright lights of Paris,

HE General Radio EXPERIMENTER is mailed without charge each
maonth to engineers, scientists, technicians, and others interested in
communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices. please
supply the following information: name, company name, company ad-
dress. type of business company is engaged in, and title or position of

individual.

GENERAL RADIO COMPANY

30 STATE STREET -

CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICE— 90 WEST STREET, NEW YORK CITY
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