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CONNECTION ERRORS IN
CAPACITANCE MEASUREMENTS
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FORMERS FOR BAL
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MEASUREMENTS 6

FIGURE 1. The accuracy to which
the calibration of a TYPE 722-D
Precision Condenser (shown at
right) can be specified depends to
a considerable degree lIpon the
errors discllssed in this article

• WHEN A CON DEN SER is connected
into a circuit, some type of connecting wires
must be used. These wires will have capac
itances to each other and to other parts of
the circuit, with the result that the capaci
tance actually introduced into the circuit is

different from that of the condenser alone. Even when one condenser is
substituted for another, using exactly the same leads, the capacitance of
these connections may be different in the two cases, particularly if the
two condensers differ in size and shape. Such connection errors, while
negligible in many cases involving large capacitances, become of im
portance in the measurement and intercomparison of small capacitances
and of standards.

How many different types of connection capacitances are there and
what are their magnitudes? An actual example will serve to illustrate
them. Suppose that two TYPE 722 Precision Condensers are to be con
nected together. With their panels touching, their terminals are three
inches apart. Let these ter
minals be connected by two
No. 16 bare copper wires
spaced % of an inch apart
(standard General Radio
spacing). The wire should
be bare to eliminate both
the extra capacitance intro-
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FIGURE 3. The stray capacitances Cg and Ch
produce errors in the measurement of the

unknown condenser c'.

It should then be sufficient, when con
necting two condensers in parallel, to
add the capacitance of the added con
denser and the connecting wires. Unfor
tunately, the latter, as indicated above,
is not a constant for a given pair of wires,
but depends greatly upon the distance of
these wires to all grounded panels and
hence on the size and shape of the added
condenser. It is, therefore, usual in sub
stitution measurements to keep the leads
connected to the standard condenser
with the unknown in position and with
its grounded terminal already con
nected. The high lead is in position and
just not touching the high terminal of
the unknown. Such a disposition of ap-

Cg

duced by the insulation, wbose dielectric
constant is greater than unity (3 per
haps), and the added dielectric loss in
this insulation. The wire should be of
small diameter because its capacitance
varies as the logarithm of the ratio of
its diameter to some other length, spac
ing of the wires, or distance to ground.
Precision condensers are two-terminal
condensers with one terminal connected
to the panel and shield. One of the con
necting wires is, therefore, connected to
the panel and to ground.

There are three types of capaci
tance involved: capacitance between
the two wires, capacitance between the
high wire and the panel, and capacitance
between the high wire and ground. The
calculated values of these three capaci
tances are 0.22 fJ.fJ.f, 1.07 fJ.fJ.f, and 0.79 fJ.fJ.f,

respectively. They are, however, by no
means additive. The grounded wire
shields the panel so that part of the ca
pacitance to the panel is transferred to
the grounded wire. Similarly, part ofthe
capacitance to an infinite ground is
transferred to the panel which is shield
ing it. The actual total capacitance is
1.19 fJ.fJ.f. This is certainly not negligible
when measuring capacitances of 1000 fJ.fJ.f

or smaller.

FIGURE 2. This fine wire
connector, by means of
which Curve A of FIGURE
5 was obtained, is used in
calibrating all precision
condensers in our labora
tories. An older type of
connector is shown lean
ing against the condenser
cabinet, and produces a
much greater error as
sbown in Curve B of

FIGURE 5
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paratus is shown in Figure 2. Having
made a sufficient measurement, such as
balancing a bridge, for this condition, the
unknown condenser is connected into
circuit and the second balance made. In
this manner the effect of the leads is
taken into account, for this should be the
same in both measurements. It appears,
however, that the capacitance measured
depends upon the original separation of
the high lead and the high terminal of
the unknown.

Figure 3 illustrates the various capac
itances which enter the problem. For
the first measurement the high lead has a
total capacitance Co to ground and a
capacitance Ch to the high terminal of
the unknown capacitance Cx, both of
these capacitances corresponding to a
certain separation h. The total capaci
tance of the system is

C + Cg + ChCx •

Ch + Cx

The high lead is then brought into
contact with the high terminal, making
h = 0 and Ch = 00. The standard con
denser is then changed to a capacitance
C' such that the total capacitance of the
system is the same as before. The
change in capacitance t:.C of the
standard condenser is

t:.C = Cx + t:.Co - Ch

h C · . r ChCx bwere h IS WrItten wr ecause
Ch + ex

in general Ch is very small compared to
CX' Other observations are then made for
different distances of separation h, and
the capacitance changes t:.C plotted
against h, as shown in Figure 4. If in
moving the high lead over the distance
h, the ground capacitance Co does not
change, i.e., t:.Co = 0, the plot of t:.C
against h will have a horizontal asymp
tote, which is the true value of CX' Even
under the most favorable conditions,
there will be some change in this ground

capacitance as the spacing h is changed.
If the high lead is a fine wire and is kept
a considerable distance from all grounded
surfaces, the change in Co will be approx
imately a linear function of h. The plot
of t:.C will then have a slanting asymp
tote whose intercept is the value of CX'
The finer the wire and the greater the
distance to ground, within limits, the
more nearly horizontal is this asymp
tote. For a large wire near the grounded
panels the change in Co is such that this
plot of t:.C has a maximum and changes
by such a large amount that it is im
possible to draw an asymptote.

Observations made with a TYPE 7l6-A
Capacitance Bridge on a TYPE 722-D
Precision Condenser are plotted in Fig
ure 5. Curve A was obtained with the
connector shown mounted on the bridge
in Figure 2. The fine steel wire is kept as

FIGURE 4. Tbeoretically, the measured capac
itance of an air condenser plotted as a func
tion of tbe distance 11 sbown in FIGURE 3 has
eitber a borizontal or a vertical asymptote

far from the grounded panels as possible
and is raised by means of a cam which is
mounted on the triangular support. The
slanting asymptote is well defined and
gives a value of 99.13 }.L}.Lf for the capaci
tance of the unknown condenser. The
curve has this value for a separation h of
X inch. Hence, with this connector and a
X -inch separation, it should be possible
to measure capacitance to within ±0.01
}.L}.Lf. Curve B was obtained using the con
nector which is shown leaning against
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FIGURE 5. Different types and arrange
ments of connectors produce differently
shaped plots of measnred capacitance
against the distance h. Cnrve A, taken with
the fine wire connector of FIGURE 2, is the
only one of the four curves which has a

well·defined asymptote

can affect the value of the critical sepa
ration so that 0.1 }J.}J.f is at present set as
a conservative error.

There are, of course, many ways of
connecting condensers in parallel so that
their capacitances add with only slight
error. TYPE 509 Condensers are built to
be stacked one on top of another. Plugs
projecting downward from the terminals
fit into the jack tops ofthe terminals be
low. The plugs add a capacitance of about
0.5 }J.}J.f. There is a decrease in capacitance
amounting to about 0.3 }J.}J.f when similar
units are placed below and above. These
condensers are, therefore, most accurate
ly measured by using two dummy cases
between which they are always placed.
The error of measurement is ±0.01 }J.j.d.

When the power factor of a condenser,
as well as its capacitance, is to be meas
ured, extra care must be taken to keep
the contact resistance of the connections
low. The equivalent series resistance of a
condenser varies inversely both as the
capacitance and as the frequency. Even
at a frequency of 1 kilocycle the re
sistance of a 1 }J.f condenser of power fac
tor 0.0005 is only 0.08 ohm. The use of
plugs and jacks under these circum
stances is questionable.

In the most precise work the con
denser is provided with a third terminal
connected to guard electrodes or to
the shield from which the main ter

minals of the condenser are now in
sulated, and the bridge is provided
with a guard circuit to which the
extra terminal is connected. By these
devices the connection capacitances
and their power factors are removed
from the direct measurement.

- ROBERT F. FIELD

2.31.3

h IN INCHES

0.3

the precision condenser. Only the verti
cal rod moves, and its capacitance to
ground should change only slowly. The
supporting bar is, however, wide enough
to shield the rod and cause the ground
capacitance to change rapidly as the rod
is raised. Hence all measured values of
t,C are low, and no asymptote can be
drawn. The panel of the precision con
denser was next depressed 5 inches and
Curve C obtained. This shows a great
improvement over Curve B, but the
slanting asymptote is not easily defined.
The critical separation h is 1% inches.
Curve D was obtained with No. 16 par
allel wires at the same height from the
panel as the hole in the terminal. There
is no possibility of drawing an asymp
tote, and the critical separation is only
0.1 inch.

The fine wire connector is now used for
all accurate capacitance measurements
in the General Radio testing laboratory.
The critical separation of ~ inch is al
ways obtained by adjustment of the
height of the high terminal and the cam
then used to make quick connection or
disconnection. Observations can be re
peated to 0.01 !JP'£ and to 0.02 }J.}J.f even
when the condensers are removed and
then reassembled. Different types of con
densers, both standard and unknown,
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BALANCE INDICATOR
MEASUREMENTS

A VISUAL
FOR A·C BRIDGE

• THE PRECISION OF BALANCE
of a-c bridges is a direct function of the
sensitivity of the null indicator. At a fre
quency of 1000 cycles, where most elec
trical communications measurements are
made, magnetic head telephones, by
virtue of their mechanical resonance,
have adequate sensitivity when used
with an amplifier. For commercial power
frequencies and for the higher audio
range, however, headphones are not
suitable, being limited by their own lack
of sensitivity as well as that of the ear.
For these frequencies, a visual indicator
is desirable.

The copper-oxide-rectifier meter in
conjunction with an amplifier provides
adequate sensitivity and is convenient to
use. To facilitate the use of this visual
indicator, the TYPE 814-AR Amplifier (a
relay-rack model) is provided with space
for mounting a standard-size meter. This
amplifier, in conjunction with a copper
oxide meter, is an excellent detector for
60-cycle measurements.

The meter, mounted on the amplifier
panel, is shown in Figure 1. Space behind
the meter is used for batteries.

This meter is also used in the TYPE
483-F Output Meter*. Its impedance is
20,000 ohms and its frequency charac
teristic is considerably better than any
previously obtainable. Two volts are re
quired for full-scale deflection, and the
smallest scale division is 0.1 volt. A de
flection of one-quarter division, or 0.025
volt, is easily detected.

About 4 microvolts applied to the am
plifier input will give this deflection on
the meter. With 10 volts applied to the
TYPE 7l6-A Capacitance Bridge, this
means that capacitauce and power
factor can be balanced to a few mil
lionths.

The sensitivity of the meter is essen
tially constant up to 10 kilocycles and
about equivalent to that of head tele
phones at 10 kilocycles and 100 cycles.
Head telephones at low frequencies,
however, tend to emphasize harmonics
because of mechanical resonance effects,
and, at frequencies as low as 60 cycles,
there is always the possibility that the
ear will re-combine harmonics to pro
duce the fundamental.

• Experimenter, June.t 1937.

FIGURE 1. The TYPE 814-AR Amplifier with meter and fiJter. The filter can be mounted at the
rear of the instrument, and is connected to the panel jack through a hole in the panel
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Sharpness of balance with either meter
or headphones is greatly increased by the
use of a filter to exclude harmonics.
TYPE 814-P Tuned Circuits* have been
designed for this purpose and can be con-

*E.,;perimenter, Marcb, 1937.

nected in the grid circuit of the last am
plifier tube by plugging into a jack on
the amplifier panel. These circuits are
stocked in two models, one operating at
1000 cycles and 400 cycles, and the other
tuned to 60 cycles. Other single-fre
quency and multiple -frequency units
can be built to order.

Type Description Code Word Price

814-AR Amplifier ALONE $97.50
814-P2 Tuned Circuit - 400 and 1000 cycles AMBLE 17.50
814-P3 Tuned Circuit - 60 cycles AMPLE 12.00
488-Dl Rectifier Meter OUIDIETSEAT 30.00

This inslrument is licen8ed under patents of the American Telephone and Telegraph Company 801ely for utilization in research,
investigation. mealJurement, testing. instruction, and development work in pure and applied science.

SHIELDED TRANSFORMERS FOR
BALANCED CIRCUIT MEASUREMENTS

• 0 N E 0 F 0 U R R ECENT routine
measurement problems required a bal
anced power source at several hundred
kilocycles. To obtain this, a shielded
transformer operating at these fre
quencies was necessary. TYPE 578 Trans
formers were tried, and proved to be ex
cellent for the purpose. These trans-

formers were originally designed for use
with impedance bridges and were de
scribed in the Experimenter for April,
1934 and October, 1935.

Two shields are used on the TYPE 578
Transformer so that it can be used in
either direction. The shields completely
surround each winding and make the ter
minal capacitances equal. This double
shielding also reduces the magnitude of
the terminal capacitances, which is de
sirable for work at high frequencies in
order to avoid too great a shunting ef
fect on the secondary load impedances.

Figure 2 shows the TYPE 578 Trans
former as the coupling device between an
unbalanced and a balanced system. The
capacitances which must be equal (or of
negligible magnitude) are C1 and Cz.

Each of these consists of the terminal
capacitance of the winding to shield in
series with one-half the shield-to-shield
capacitance. The magnitude of C1 and Cz
is about 40 jJ.jJ.f each and they do not dif
fer by more than 3 jJ.jJ.f.

FIGURE l.
The TYPE 578 Transformer
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L CASE
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PRIMARY/ "'-SECONDARY
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FIGURE 2. This diagram shows the shielding arrangement and the capacitances which are asso
ciated with each terminal. For the connection shown, C 1 and C2 are about 40 p.p.f each. Note that

the transformer windings are not center-tapped

With Zl and Z2 each equal to 3000
ohms resistive, the unbalance caused by
the maximum inequality of transformer
terminal capacitances is, at 0.5 mega
cycle, about 1.5% in impedance and 2°
in phase. At lower frequencies and with
lower values of Zl and Z2, the unbalance
is, of course, correspondingly less. At
audio and low radio frequencies and with
500-ohm circuits, little, if any, unbalance
will be noticed.

When the transformer is used to ob
tain a balanced source for measurements
of gain or attenuation, the magnitude of
Zl and Z2 is not important since the volt-

ages across them are usually held con
stant to simulate a zero-impedance gen
erator.

When a vacuum-tube voltmeter is
used to measure equal voltages across Zl
and Z2, even order harmonics in the volt
age wave can produce unequal voltage
readings if the voltmeter is not a true
square-law device. To avoid this, it is de
sirable to use a filter between generator
and transformer.

Three models of this transformer are
available, covering an effective fre
quency range of 20 cycles to 0.5 mega
cycle. - W. G. WEBSTER

Type Frequency Range"

Impedance Range"

Primary Secondaryt Code Word Price

578-A 50 cycles to 10 kc 50 n to 5 Kn 1 Kn to 100 Kn TABLE $15.00
578-B 20 cycles to 5 kc 60nt06Kn 1 Kn to 120 Kn TENOR 15.00
578-C 2 kc to 500 kc 20 n to 2 Kn 4 Knto 40 Kn TEPID 15.00

"Range for voltage transfer within 6 db of maximum value. At extreme ends of both impedance and frequency ranges, the
combined 1088 may be 12 db.

tThe low impedance winding is considered to be the primary.



Of modern architecture in keeping
with its general surroundings is our new
Hollywood office at 1000 orth Seward
Street. We share the occupancy of this
building with the C. C. Langevin Com
pany, who for nearly a decade and a half
have represented us on the Pacific Coast.

The specialization of the Langevin organ
ization in sound work and the diversifi
cation of our own activities made sepa
ration of the two organizations advisable.
The pangs of parting were greatly
softened by the arrangement which
makes Mr. Langevin our genial landlord.

THE General Radio EXPERIMENTER is mailed without charge each
month 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 OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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A FREQUENCY-LIMIT
MONITOR FOR THE HIGH

FREQUENCY BANDS
,fIJI

IN THIS ISSUE
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BROADCAST ANTENNA
MEASUREMENTS
WITH THE R-F
BRIDGE 5

FIGURE 1. Panel view of tbe TYPE 775-A Frequency-Limit Monitor

• THE INC REA SIN GUS E of fre
quencies between 1500 kc and 30,000 kc for
special services, such as police, maritime,
and aircraft communication and international

broadcasting, in recent years has resulted in sufficient congestion to
warrant frequency assignments within fairly close accuracy tolerances.

In order to maintain transmitter frequencies within the accuracy
limits required by law, it is essential that each station maintain either
a frequency monitor or rather elaborate frequency-measuring equip
ment.

Since the total investment in plant for stations in the high-frequency
spectrum is often very small in comparison with that for most standard
broadcast stations, it is difficult to justify the relatively large outlay
involved in the purchase of a highly precise direct-reading monitor such
as is required in the broadcast band. On the other hand, since operating
personnel must often be kept at a minimum, it is desirable to have
available an instrument which tells at a glance whether the transmitter
frequency is within its legal accuracy limits.

The TYPE 775-A Frequency-Limit Mo "tor is designed to meet the
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FIGURE 2. Functional diagram showing the operation of the frequeucy-limit monitor

need for a simple, compact, self-con
tained, and moderately priced frequency
monitor to cover the frequency range
from 1500 kc to 30,000 kc.

The requirements to be met by a fre
quency monitor for the high-frequency
spectrum are quite different from those
for the standard broadcast band.

In the broadcast band, sufficient con
gestion exists so that in many cases
several different stations are assigned to
the same channel. Under such conditions,
when interference conditions arise, the
interference is of the close heterodyne or
"flutter" type. This type of interference
becomes most annoying when the inter
fering signals differ sufficiently in fre
quency to produce an audible beat note.
While nominally the accuracy tolerance
on broadcast station frequencies is ±50
cycles, the Federal Communications
Commission, therefore, actually requires
much closer adherence to the true as
signed frequency.

In order to check broadcast station
frequencies to a sufficient degree of ac
curacy, it is required by law that each
station shall maintain a continuously
indicating, direct-reading frequency
monitor of very high accuracy. The
General Radio TYPE 475-A Frequency
Monitor, used in conjunction with the

TYPE 681-AFrequency-Deviation Meter,
has long been approved for this class of
service and is now in use in hundreds of
stations the world over.

At frequencies above the standard
broadcast band, conditions are radically
different. Because of the larger number
of channels available, the greater rela
tive importance of "sky waves" in com
parison with "ground waves," and the
negligible amount of "chain" operation,
sharing of common channels by contin
uous services is much less.

Such interference as occurs in the
high-frequency range is consequently
more often of the adjacent channel het
erodyne type than of the close hetero
dyne type common to the broadcast
band.

The frequency tolerances in the high
frequency bands have been set up to
minimize such interference. Since ad
jacent channel heterodyne interference
is not sensitive to small frequency
changes within these tolerances, literal
compliance with the accuracy limits set
up is consequently sufficient to insure
maintenance of reliable service. A moni
tor which tells at a glance whether the
transmitter frequency is, or is not, within
its legal accuracy limits is a convenient
type to use for the high-frequency range.
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FIGURE 3. Voltage-frequency characteristics
of the frequency-discriminating circuit

frequency to produce a low-frequency
beat note, and a frequency-discriminat
ing circuit which lights a warning lamp
when the heat frequency departs from a
value of 6.5 kc hy more than a pre
determined amount.

Provision is made for the use of four
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The TYPE 775-A Frequency-Limit
Monitor is designed for such a function.
Mounted on the panel are two warning
lamps and a dial, which is set to the fre
quency limit assigned to the station to
be monitored. So long as the transmitter
frequency remains within the assigned
limi ts, both lamps remain dark. If the
transmitter frequency increases beyond
the assigned accuracy limit, one warning
lamp lights. If the transmitter frequency
decreases beyond the assigned accuracy
limit, the other lamp lights.

For more accurate monitoring, the
LIMIT dial may he set to closer toler
ances than those required by law. The
warning lamps simply indicate when the
deviation in transmitter frequency ex
ceeds the limits set on the dial.

A functional diagram of the TYPE
775-A Frequency-Limit Monitor is
shown in Figure 2. The instrument con
sists of a highly stable quartz-controlled
monitoring oscillator which produces a
voltage rich in harmonics, a detector
which mixes the transmitter frequency
and a harmonic of the local monitoring

FIGURE 4. Schematic wiring diagram of the limit-indicating- section of the frequency-limit
monitor. The beat-frequency voltage obtained from the detector is impressed upon the grid of the
6R7 duplex-diode-triode. The a-c plate voltage of the 6R7 is developed across the frequency
discrinllnating circuit, the characteristics of which are shown in FIGURE 3. The voltage obtained
from each branch of this circuit is fed to a grid of the 6 7 dual triode, which is bia ed to cut-off.
Each plate of the 6 7 feeds a gas triode which has a warning lamp in its plate circuit. :::n shunt
with the frequency-discriminating circuit is a potentiometer which is used to obtain a fraction of
the total a-c plate voltage. This fraction is rectified by one of the 6R7 diodes and used to bias the
grids of the 6 7 beyond their normal cut-off voltage. The doc bias, controlled by the setting of the
LIMIT dial, determines the frequency at which the lamps will light. When an a-c voltage on either
grid exceeds this bias, plate current flows, tripping one of the 885's and lighting a warning lamp

6R7
.------.,--,

HIGH

LOW

885
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separate crystals to monitor four differ
ent frequencies. The quartz plates are of
the low-temperature-coefficient type and
are protected against large changes in
ambient temperature by a simple tem
perature-control system which main
tains the compartment temperature at
50° C. ±3° C. An individual tuning
condenser for each crystal is mounted on
the panel and a selector switch on the
panel simultaneously switches the quartz
plate, tuning condenser, and input cir
cuit when different transmitter fre
quencies are to be monitored.

An electron-ray tube is used to indi
cate when the local monitoring oscillator
is correctly adjusted. By means of a
switch mounted on the panel, it may
also be connected to indicate when the
correct input from the transmitter is
obtained. The accuracy of the instru-

ment is not critically affected by either
local oscillator adjustment or input
voltage.

The dial on the panel used to set the
accuracy limits is engraved for fre
quency deviations from ±500 cycles to
±3000 cycles. With this span of adjust
ment the frequency range of the instru
ment is as indicated in the specifications
below.

A simple push-button switch on the
panel is provided for routine checking
of the instrument under operating con
ditions. Once installed and put in proper
operation, no further adjustments are
necessary except for changing the LIMIT
dial when switching from one frequency
to another.

The instrument is entirely self-con
tained. It may be operated from any
110-120 volt, 40-60 cycle line.

- D. B. SINCLAffi

SPECIFICATIONS

M0 u ntin g: Standard 19-inch relay-rack
mounting or table mounting.

Power I nput: Approximately 72 watts with
heater ON and approximately 45 watts with
heater OFF, with 115-volt line.

Tub e s: Supplied with instrument 
1 - Type 6A8 Pentagrid Converter
1 - Type 617 Pentode
1 - Type 6R7 Duplex-Diode Triode
1 - Type 6N7 Dual Triode
2 - Type 885 Gas Triodes
1 - Type 6X5 Rectifier

Accessories Required:
TYPE 376·M Quartz Plate.

Dim ens ion s: Panel (width) 19 inches x

(height) 7 inches x (depth) 10% inches, overall.

Net Wei gh t: 29% pounds.

Power Sup ply: 110-120 volts, 40-60 cycles.

PriceCode Word

Frequency Range:
For limits of ±O .10%: 1500- 3000 kc
For Ijmits of ±0.05%: 1500- 6000 kc
For limits of ±O. 04%: 1500- 7500 kc
For limits of ±O. 03 %: 1700-10,000 kc
For limits of ±O. 02 %: 2500-15,000 kc
For limits of ±O. 01 %: 5000-30,000 kc

Accuracy of Monitoring Frequency:
The absolute accuracy is 0.003% when using
TYPE 376-M Quartz Plate.

Stability of Monitoring Frequency:
The frequency stabiljty is 0.001 % over long
periods of time.

Qua r t z P I ate: TYPE 376-M Quartz Plates
are to be used with this instrument and must
be ordered separately.

Accuracy of Frequency Discriminat·
i ng Net W0 r k: When operated at proper
input voltage, the warnillg lamps will Ijght at
frequencies which are within ±200 cycles
±10% of the LIMIT dial reading.

Type

775-A
376-M I

(Including tubes, but less quartz plate) I
Quartz Plate (for use with TYPE 775-A)

DOUGH

LABOR

$240.00
50.00 each

This instrument is manufactured under the following U. S. Patents and license agreements:
Patents of the American Telephone and Telegraph Company, solely for utilization in research, investigation, measure

ment, testing, instruction and development work in pure and applied science.
!:a~en~8....~nd".,P!..t~n.t...~pplication8 of Dr. G. W. Pierce pel"taining to piezo-electric cl"Y8tals and their associated cil"cuiu.
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BROADCAST ANTENNA
WITH THE R-F

MEASUREMENTS
BRIDGE

elN THE PAST FEW YEARS
the TYPE 516-C Radio-Frequency
Bridge has been widely used by
broadcast engineers for measuring the
impedance of antennas and their as
sociated coupling and feeding systems.
The bridge method of measurement is
rapid, convenient, and accurate. Radiat
ing systems can be lined up quickly and,
once adjusted, can be maintained at top
performance through routine checks.

The application of the bridge to
measurements of this sort is best illus
trated by discussing a typical broadcast
installation recently measured. A func
tional diagram of the radiating system
at Station WEEI* is illustrated in Figure
2. This radiating system is designed to
reduce the radiation in the east-west
direction in order to avoid possible inter
ference with Station WTAG in Worces
ter, Mass., which is operating on the ad
jacent channel. It consists of two
vertical antennas, Wand E, which are
fed through a bridging transformer T,
phasing networks cPw and cPE, concentric
transmission lines L w and LE and im
pedance matching networks Zw and ZE.

By adjusting the bridging transformer
T, and the phasing networks cPw and cPE,
the ratio of magnitudes and the phases of
the currents in the two antennas may be
varied to give the desired field-strength
pattern.

·C.B.S.• Boston, Mass., 590 kc. We are indebted to the
management and 8tafT of WEEr for permission to carry
out measurements on the radiating SY81em of this etation,
which was chosen 88 a representative example of modern
broadcast installa lion.

FIGURE 1. One of the antenna towers at
WEEr. The structure at the base of the antenna
houses the impedance matching network and

meters for reading antenna current
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In lining up this radiating system the
most important measurements are:

(1) Resistance and reactance of an
tenna at operating frequency.

(2) Characteristic impedance of lines.
(3) Impedance in which each line is

terminated (input impedance of im
pedance-matching network).

(4) Input impedance of line when ter
minated with impedance-matching net
work.

(5) Characteristic impedance of phas
ing networks.

(6) Input impedance of phasing net
works with system connected.

Each of these measurements is dis
cussed briefly below.

1. Antenna
The antenna impedance is determined

by breaking the system at the section
A-A and measuring the impedance at
the antenna and ground leads where
they connect to the impedance-matching
network Z.

A single measurement at the operating
frequency is usually sufficient, but a
frequency characteristic of the antenna
is sometimes valuable in determining
whether there is any disturbing effect
caused by resonant sections of guy
wires or any undesirable resonances at
harmonics of the assigned station fre
quency. The measured resistance and
reactance of the east antenna are shown
plotted as a function of frequency in
Figure 3.

For this installation, quarter-wave
resonance is seen to occur at 685 kc,
half-wave resonance at 1070 kc, and
three-quarter-wave resonance at 1715
kc. At the operating frequency the an
tenna resistance is 20 nand the reactance
41 n capacitive. Expressed in complex
notation, this impedance is: ZA = 20 
j41.

When measuring directive systems of
this sort an error may occur because of
the mutual impedance between the two
antennas.* For the system tested, this
error was small at the operating fre-

-John F. :Morrison, nSimple Meth
od for ObBerving Current Amplitude
and Pha8e Relations in Antenna
Arrays," Proc. I. R. E., October,
1937.
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FIGURE 2. A diagram of the
antenna system at WEEI.
ZE and Zw are the impedance
matching networks, LE and
Lw the concentric Jines and
<PE and <pw the phasing net·
works. The bridging trans
former, T, is a coupling unit
between the phasing net-

works and the transmitter
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FIGURE 3. (Left) Resistance characteristic of the east antenna at WEEr. (Right) Reactance
characteristic of the same antenna

quency, both resistive and reactive com
ponents looking into the east antenna
changing about 1 Q when the west an
tenna was opened and grounded at the
base. All measurements on one antenna
and its feeding system were made with
the other antenna connected back
through its feeding system to the
transmitter.

2. Concentric Lines

To determine the characteristic lID

pedance of the concentric lines, the
system is broken at B-B and C-G.
Measurements of the imput impedance
of the line are then made from one end
with the other end open and shorted.
The characteristic impedance of the line
is computed from the expression

Zo = V Zo/cZs/c

The lines used in the system tested are
nitrogen-filled and approximately 1000
feet long. They are designed for a

characteristic impedance of 65 Q. A
typical check on this figure is the meas
ured value for the west line, L w, of 65.4
- jO.56.

3. Impedance-Matching Networks

The impedance-matching networks
Zw and ZE are designed to work between
impedances of 65 + jO and 20 - j41.
They are of the so-called impedance.
inverting type illustrated in Figure 4.*

In adjusting such networks the TYPE
516-C Radio-Frequency Bridge can be
used to measure the impedances of the
individual elements composing them and
their input impedances when they are
connected to the antennas. For perfect
matching, when the system is broken at
section B-B, the impedance at the input
terminals of the impedance-matching
networks with the antennas connected
should be equal to the characteristic im-

-For a discussion of impedance-matching networke see,
Cor instance. Carl G. Dietsch, UAntenna Terminations,"
Electronics, Sept., 1935, and "Terminating Concentric
Lines." Electronit:s, December. 1936.



GENERAL RADIO 8

-65A

pedance of the line, namely, 65 + jO.
The degree of matching to be achieved

is governed hy practical considerations
rather than theoretical. Too great a
mismatch will cause serious standing
waves to form on the concentric lines.
The standing current waves may result
in excessive power loss in the line and the
standing voltage waves may cause the
line insulation to break down.

4. Phasing Networks

The networks <pw and <PE are used, in
the example of Figure 2, to produce a
phase relation between the currents in
the two towers which results in the de
sired radiation pattern. These are sym
metrical T -networks of the type illus
trated in Figure 5. They are designed to
have an image impedance of 65 + jO at
the operating frequency and conse
quently match the line.

The design and adjustment of such
networks is beyond the scope of this
article, but the application of the TYPE
516-C Radio-Frequency Bridge to their
measurement is similar to the applica
tion to the impedance-matching net
works. The individual elements may first
be measured, the characteristic imped
ance may be determined from open- and
short-circuit measurements, and the
final measurement of the input imped
ance made when terminated in the
complete radiating system. This last
measurement at D-D for perfect match
ing should, of course, be 65 + jO.

~
654_ ~

O........----~---_f)

FIGURE 4. The impedance.matching network
used to couple the transmission line to the
antenna. This is an artificial quarter·wave line
in which the condenser shown by dotted lines
is replaced by the effective parallel reactance

of the antenna

5. Maintenance

Once adjusted, the system should be
checked periodically, particularly when
current readings indicate that something
may have changed. A measurement with
the system broken at the section D-D,
looking into the phasing network <p,
which results in a resistive value of the
proper magnitude, is usually sufficient
indication that the impedances through
out the system are properly matched.

6. Measurement Technique

The panel of the TYPE 516-C Radio
Frequency Bridge is shown in Figure 7
and the circuit diagram in Figure 8.

The bridge is designed for measuring
unknown impedances either in terms of
a standard condenser and power factor
condenser, as a Schering bridge, or in
terms of a standard condenser and an
inductance-compensated decade resis
tor, as a direct-readingimpedancebridge.

For the type of measurement to be

FIGURE 5. Circuit diagrams of the phasing networks used at WEEI
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made on broadcast radiating systems,
data are most conveniently taken with
the bridge used as a direct-reading im
pedance bridge. For such measurements
the bridge method has a considerable
advantage over other methods in con
venience and speed of operation. sers
of the bridge in the field have stated that
it is possible to make, in a few hours,
measurements which might consume sev
eral days' time with resonance methods.

The full advantage of the bridge's
direct-reading feature is obtained for the
measurement of impedances having a
resistive component between 0 and 100
n and a reactive component correspond
ing to a series capacitance between 40
and 1150 f.LIJ.f. For the measurement of
impedances which have an inductive
reactance, or a capacitive reactance fall
ing outside this range, a condenser in
series with the unknown impedance must
be used. For the measurement of imped-

ances which have a resistive component
between 100 and 600 n, an external re
sistor may be connected in series with
the internal inductance-compensated
decade resistor in the bridge. TYPE 500
Resistors are well adapted for such
service and are recommended for values
up to 500 n.

For accuracy and flexibility of opera
tion in making antenna measurements,
the use of a series condenser is recom
mended in practically all cases. It is
seldom possible in a broadcast installa
tion to connect the bridge to the points
between which impedance is to be
measured without the use of relatively
long leads. Leads which are three or four
feet long may well have inductive re
actances of from 1 to 10 n at broadcast
frequencies and such a reactance, meas
ured as part of the unknown impedance,

FIGURE 6. This photo.
graph shows the radio·
frequency bridge, the
modulated oscillator,
and radio receiver set up
in the "dog house" at the
base of the antenna. The
equipment at the ex·
treme left of the picture
includes the impedance.
matching networks and
meters for reading an·

tenna current
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may lead to serious errors in low-imped
ance measurements. With a series con
denser, the effect of long leads may be
eliminated by making two balances, one
with unknown impedance shorted at its
terminals and one with short removed.

The procedure to be followed in mak
ing such measurements is as follows:

(1) A series fixed condenser is chosen,
the capacitance of which lies between 40
and 1150 J.LJ.Lf. The value of condenser
chosen should be such that when the
unknown impedance is placed in series
the effective capacitance will still be
within those limits.

(2) The bridge is connected to the un
known impedance with the fixed conden
ser in series with the high lead, and
the unknown impedance is then short
circuited a t its terminals.

(3) The internal inductance-compen
sated decade resistor in the bridge is set
to zero and the bridge balanced with the
internal standard condenser and the
power factor adjustment. The etting,

C1, of the standard condenser is recorded.
(4) The short-circuit is removed from

the terminals of the unknown imped
ance and the bridge rebalanced with the
internal decade resistor and the internal
standard condenser. This gives the set
ting, R, of the resistor and a setting,
C2, of the standard condenser.

The change of resistance in the bridge,
R, is then equal to the resistive com
ponent of the unknown and the change
of reactance in the bridge,

the reactive component of the unknown.
Since the leads to the unknown im

pedance are included in circuit in both
measurements, their impedance drops
out in taking impedance differences and
no error is introduced. A small residual
error is left, which is caused by the
capacitance of the high lead and
series condenser to ground, but this is
usually negligible for low-impedance
measurements.

The bridge is ordinarily used with a
modulated oscillator as power source
and a radio receiver as detector. It has
been found that, if distortion occurs in
the audio modulating voltage or in the
modulation process, false readings may
be obtained when the radio set is not
accurate!y tuned to the carrier frequency.
The error is most pronounced when the
reactance to be measured varies with
frequency in a manner markedly differ
ent from the reactance of the internal
standard condenser. Conditions under
which this error may be important are
readily recognized by the presence of a

FIGURE 7. Panel photograph of the TYPE
S16-C Radio-Frequency Bridge
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FICURE 8. Circuit diagram of the TYPE 516-C Radio-Frequency Bridge. Careful adjustment in
our laboratory of Cpo and L p to compensate for residual impedances makes the bridge direct read

ing in capacitance and resistance

strong second harmonic of audio fre
quency at the bridge balance. The
second harmonic is caused by the beat
ing together of the first-order side-bands
and does not of itself cause any error in
the bridge balance.

By using an unmodulated oscillator
for a power source and a radio set with a
beat oscillator coupled to the i-j stages,
this error is avoided since the bridge is
then operated at a single frequency. A
modulated source is considerably more
convenient to use, however, and, in
general, careful tuning to the carrier
will yield a sufficiently accurate result.

The complete set-up of equipment rec
ommended for antenna measurements
consists of:

(1) TYPE 684-A Modulated Oscillator
(can be used either modulated or un
modulated).

(2) TYPE 516-C Radio-Frequency
Bridge.

(3) One 200 }./,j.JJ, one 500 }./,}./,f, and one
1000 }./,}./,f TYPE 505 Condensers.

(4) One 100 n and two 200 n TYPE
500 Resistors.

(5) Radio receiver. If the receiver is
used with a local beat oscillator in the
i-J circuit to beat with an unmodulated
wave from the bridge, it should be pro
vided with a good sensitivity control.
This is necessary because, for loud sig
nals, a local beat oscillator will tend to
maintain the audio output constant,
irrespective of input signal, over a fairly
wide range at high input levels. nder
such condition it is impossible to deter
mine when a balance is approached and
the balance point is "knife-edge" in
width.

-D. B. 51 CLAm



MISCELLANY

• MAN Y G ENE RA L RA D I 0 m
struments designed primarily for the
communications field find their way into
industrial research laboratories, where
the use of electrical methods of measure
ment in investigating mechanical phe
nomena is constantly increasing. One
instrument which seems to be almost
universal in its application is the TYPE
636-A Wave Analyzer. The photograph

at left shows this instrument as used in
the laboratories of the Sperry Gyro
scope Company in connection with
vibration studies. We are indebted to
the authors and to Electrical Engineering
for permission to reproduce this photo
graph which was used to illustrate an
article by O. E. Esval and C. A. Frische
entitled "Dynamic Balancing of Small
Gyroscope Rotors," appearing in the
June, 1937, issue.

• GENE RA L RAD I 0 engineers par
ticipate in technical conferences - at
the 1938 Winter Convention of the
A.I.E.E., H. H. Scott and L. E. Packard
attended the conference on Sound and
Vibration; W. N. Tuttle the conference
on Network Analysis and Synthesis.
A. E. Thiessen will lead the discussion
on Modulation and Distortion Measure
ments at the Broadcast Engineering
Conference sponsored by Ohio State
University, February 14 and 15.

Mr. Scott, on February 15, will speak
before the Engineers' CIub of Philadel
phia on the industrial applications of
General Radio instruments.

THE General Radio EXPERIMENTER is mailed without charge each
month 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 OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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FIGURE 1. Panel view of the TYPE 713-B Beal
Frequency Oscillator

MODERN IMPROVEMENTS
FOR THE BEAT-FREQUENCY

OSCILLATOR
"IJC

IN THIS ISSUE
Pa&.

VARIACS USED AS
CONTROLS IN FLEX·
IBLE STAGE-LIGHT-
ING UNIT 5

MEASURING 100,000
RPM 7

• T HIS M 0 NTH ANOT HER best seller
comes out in a new edition. Basically
the same as its predecessor, but brought up
to date in all details, the new TYPE 7l3-B
Beat-Frequency Oscillator possesses several
features which are particularly desirable

when making measurements on high-fidelity audio-frequency and super
sonic equipment.

Among the more important features of the new oscillator are: (1) an
increase of the frequency
range to 40 kilocycle,
(2) a logarithmic fre
quency scale over the
range up to 20 kilocycle,
(3) lower harmonic con
tent and the practical
elimination of a-c hum,
(4) the provision ofthree
different output imped
ances which remain
practically constant re
gardless of the setting of
the volume control, and
(5) an output circuit
which may be operated
either grounded or un
grounded and which is
suitable for operation
into the average low-
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impedance audio-frequency transmis
sion line.

The frequency range between 20 and
40 kilocycles has hitherto been available
on special order only. The importance of
this range for general laboratory meas
urement as well as in the rapidly growing
supersonic field is now sufficient to jus
tify its inclusion as a standard feature.

The change from the low to the high
range is made by shifting the frequency
of the fixed oscillator (and consequently
the output frequency) by 20 kilocycles.
This process is controlled by a panel
switch which simultaneously changes the
circuits associated with the CYCLES
INCREMENT dial so that its calibra
tion is correct for either setting of the
FREQUE CY RA GE switch.

A new variable condenser with care
fully designed compensating adjustments
gives a logarithmic variation of fre
quency with dial reading for the range up
to 20 kilocycles. This is covered in a dial
rotation of 250°.

CYCLES
...tflEloI(IU

The frequency characteristics of audio
frequency equipment are usually plotted
using a logarithmic frequency scale, and
consequently the logarithmic oscillator
scale is a considerable advantage. An
gular dial increments are then propor
tional to linear increments on the fre
quency scale. Points on the plot can be
spaced evenly, avoiding the crowding
which occurs when using a linear oscil
lator dial. When operating a recorder
from the output of the equipment under
test, the oscillator dial can be geared di
rectly to a recorder using logarithmic or
semi-logarithmic paper.

Waveform and hum level have been
improved over that of the TYPE 7l3-A
by providing better balance in the de
tector circuit and using a degenerative
audio amplifier.

The output circuit includes a doubly
shielded transformer which couples the
output tubes to a constant-impedance
attenuator and a tapped autotrans
former. The autotransformer provides
three different output impedances,
namely, 50, 500, and 5000 ohms, and is

(OMSTAKT *"
.lTT[WUATOlIl

DOueu
SHIELOEO

Ttt,t,IolSfOlll.cA

FIGURE 2. Schematic wiring diagram
of the TYPE 7l3-B Beat-Frequency

Oscillator
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enclosed in a high-permeability shield so
that no hum is introduced into the out
put. The arrangement of the output
terminals makes possible rapid and easy
connection to anyone of the three out
put impedance windings. The common
output terminal may be grounded, or,
when working into balanced lines, may
be left floating.

Since it is expected that many owners
of the TYPE 713.::A Oscillators will want
some of the additional advantages of the
TYPE 713-B, arrangements have been
made so that the same changes may be

made in earlier models. Either the addi
tional frequency range or the new ampli
fier and output system, or both, may be
added to a TYPE 713-A Oscillator. It is
also possible to change the circuit and
condenser so as to provide the logarithmic
frequency calibration. With these changes
the instrument will have exactly the
same performance characteristics as a
TYPE 713-B. Prices will be gladly
quoted by our Service Department.

-H. H. SCOTT

SPECIFICATIONS

Fr 8 qU 8 ncy Ran g8: 10 to 40,000 cycles per
second.

Fr 8 qU 8 ncyeo nt r 0 I: The main control is
engraved with a logarithmic frequency scale ex
tending up to 20 kilocycles, the total scale length
being approximately 17 inches. The FRE
QUE CY RA GE switch extends the range to
40 kilocycles. There is an INCREME TAL
FREQUENCY control covering a band extend
ing 50 cycles on either side of the frequency de
termined by the setting of the main dial and the
FREQUENCY RA GE switch.

Fr 8 qU8 ncyea II bra t ion: The calibration
may be standardized at any time by setting the
instrl1ment to zero beat. This adjl1stment can
easily be made with an error of less than one
cycle. The calibration of the frequency-control
dial can be relied upon to within ±2 % ± one
cycle after the oscillator has been correctly set
to zero beat, and for one year from date of pur
chase. The incremental frequency dial is marked
with one division for everyone-cycle interval
over a range of -50 to +50 cycles. Its cali
bration is correct to ±2 cycles per second or
better.

Fr 8 qU 8 ncy S tab II i t y: Care has been
taken in the design of the oscillator to provide
adeql1ate thermal inswation and ventilation,
thereby greatly minimizing freql1ency drifts due
to temperature changes. The oscillator may be
accurately reset to zero beat at any time, there
by eliminating even the small remaining fre
quency drifts.

Output Impedance: The output circuit
includes a tapped autotransformer providing

output impedances of 50, 500, and 5000 ohms.
The output circuit is electrostatically shielded
and isolated from ground, thus making it prac
tical to operate into an ungrounded load such as
a transmission line. The output circuit is suffi
ciently well balanced for operating into the
average audio-frequency transmission lines
throughout the entire frequency range of the os
cillator when using the 50-ohm output ter
minals. When using the 500-ohm output ter
minals, the balance is satisfactory up to
15 kilocycles. When using the 5000-ohm output
terminals, the balance is satisfactory up to
3 kilocycles. Obviously, the output circuit may
be operated ungrounded at higher frequencies
than those specified, provided a close balance
to ground is not necessary. When it is desired
to ground definitely one side of the load, this
may be accomplished by means of the ground
ing strap provided on the oscillator panel.

Out put Pow 8 ran d V0 I tag e: The open
circuit output voltage of the oscillator is ap
proximately 150 volts. The maximum power de
livered to a matched load is slightly over one
watt when the output control is in the HIGH
position. When the output control is in the
LOW position, the maximum power is approx
imately 0.02 watt.

For a matched resistive load the output
voltage varies by less than ±0.5 db between 30
and 12,000 cycles, and by less than 1 db be
tween 15 and 16,000 cycles.

Wa v e for m: When the OUTPUT switch is
on the LOW position, the total harmonic con
tent is less than 0.2 %throughout the frequency



The power-supply ripple is less than 0.1 % of
the output voltage for either position of the
o TPUT switch and for any valne of output
voltage which can be read on the panel volt
meter, when the oscillator is operated from a
60-cycle line.

range from 250 to 2000 cycles and less than 1 %
between 70 and 10,000 cycles. At 20 cycles the
harmonic content is approximately 3%. When
operating on the LOW output position, the
harmonic content is practically unaffected by
any load impedance between one-halI of the
rated value and an open circuit.

With the output switch on the HIGH posi
tion and when operating the oscillator into a
matched load, the maximum amplitude of the
harmonics is less than 2 % of the output voltage
in the audio-frequency range above 70 cycles,
regardless of the setting of the volume control.
Below 70 cycles the harmonics increase to about
8% at 20 cycles. Operation of the oscillator
into an open circuit at full output voltage
causes a small increase in the harmonic content,
which is, however, negligible for frequencies
above 40 cycles or when the OUTPUT control
is turned down. Operation of the 5000-ohm
terminals into an extremely low impedance, so
that they are practically short-circuited, causes
the harmonic content to be doubled approx
imately.
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v0 lIme I e r : A voltmeter is provided on the

panel for indicating the output voltage of the
oscillator. The voltmeter is of the vacuum-tube
type employing a balanced circuit, so that no
appreciable harmonics are introduced into the
output voltage. The voltmeter is provided with
three scales, one for each set of output ter
minals.

M 0 un lin g: This instrument is available in
either cabinet or relay-rack mounting. The cab
inet is a heavy oak case fitted with carrying
handles. For relay-rack mounting, the cabinet
is replaced with a metal dust cover and shield.

Power Sup ply: 110-120 volts, 40-60 cycles
alternating current. A simple change in the con
nections to the power transformer allows the in
strument to be used on 220-240 volts. The tot&1
consumption is about 115 watts.

Tub e s: The following tubes are required:
2 - Type 41 2 - Type 6L6
1 - Type 6D6 2 - Type 6H6
2 - Type 6C6 1 - Type 5Y3G

A complete set of tubes is supplied with each
instrument.

Ace e S S 0 r i e s : A seven-foot connecting cord
is supplied.

Dim ens ion s: Panel, (width) 19 x (height)
24X inches, over-all. Cabinet size, including
handles, (width) 20Yz x (height) 25 x (depth)
11 inches.

Screw holes in the panel are the standard
spacing for mounting the instrument in a TYPE
480 (standard) 19-inch relay rack.

Ne I Wei g hI: 93 pounds.

Type

7l3-BM
7l3-BR

Cabinet Model
Relay-Rack Model

Code Word

DEBAR

DETER

Price

485.00
510.00

This instrument is licensed under patents of the American Telephone and Telegraph Company, solely for utilization in
research, investigation, measurement, testing, instruction, and development work in pure and applied t!cience.

OUR OFFICE IS CLOSED ON SATURDAY

• ALTHO UGH 0 UR P LAN T has
been closed on Saturday since 1919 and
our office since 1931, we find that many
of our customers call or telegraph on
Saturdays, expecting rush shipments or

replacement parts. While we endeavor
to make prompt shipments in order to
give our customers the best possible
service, it is impractical to arrange for
Saturday shipments.
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VARIACS USED AS CONTROLS IN FLEXIBLE
STAGE-LIGHTING UNIT

.THE DECEMBER, 1933, AND
FEB RUARY, 1936, issues of the
Experimenter described other installa
tions in which Variacs were used as dim
ming controls for the lights in little
theatre projects. The switchboard de
scribed in this article makes use of some
features which were not described in the
other two articles, ingenious improve
ments suggested by Mr. Dawes who was
responsible for the unit described in the
first article.

The switchboard shown in the illus
tration, Figure 1, was developed to con
trol the lights on a small church stage. It
is not intended to be portable, but in-

stalled permanenLly, hence is mounted
on a large 24-inch square steel switch box
on a wall. The panel i hinged so that it
may be dropped 90° to be worked upon
during original installation. The power
available is three-wire balanced, 230
volt, 60-cycle, and the panel is so wired
that the loads are balanced about its ver
tical center line.

Reference to the illustration will help
clarify the detailed description of the
switchboard.

The upper half of the panel contains
four Variac circuits. Each Variac, a
TYPE 200-CU, is provided with a 15
ampere, double-pole toggle switch, a

FIGURE 1. Panel view of the
stage-lighting control board de
scribed in this article. Interest
ing features of this board are
the use of patch cords for flex
ibility in setting up the circuits
and the connection of the
Variacs as faders to dim one
circuit while bringing up another
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fuse, and a pilot light. The primary fus
ing is adequate for the secondary load
ing. The pilot light is to prevent the op
erator's closing the switchboard with the
primary of any Variac connected across
the line and drawing magnetizing cur
rent. The Variac at the left, with the two
wall-type toggle switches behind a
switch plate directly beneath it, is for
control of house lights. The other three
are utility dimmers, to be used as
needed. Each one has beneath it a num
ber of female cup receptacles for access
to its output.

Just below the center and extending
horizontally across the panel are four
groups of female cup receptacles sup
plying uncontrolled power direct from
the line. Each group of three receptacles
is beneath its associated fuse.

Extending horizontally across the bot
tom of the panel are the controls and
terminations for the load circuits. The
termination is a male cup receptacle, and
its control, directly below it, a IS-ampere
double-pole toggle switch. These load

positions are labeled to indicate the cir
cuits they control, such as BORDER 2,
FLOODS, BABY SPOT, etc.

The special features previously re
ferred to are:

(1) the use of patch cords for flexi
bility in setting up the circuits, and

(2) provision of means to use the
Variacs as fading controls to bring up the
lights in one circuit while dimming those
in another.

The use of patch cords is advanta
geous in several ways. Firstly, it is
simpler and more flexible than switching,
and allows the controlling normally de
sired to be accomplished with fewer
Variacs. Each Variac in the February,
1936, article could supply only two cir
cuits. With the present arrangement any
Variac may be connected to any load cir
cuit. Secondly, by selectively inserting
the plug ends of the cords into the
proper receptacles, the loads may be dis
tributed between Variacs, between sides
of the three-wire power line, and between
other circuits so as to prevent over
loading Variacs or fuses and to produce a
balanced load on the system. Thirdly,

L-.-J

FEMALE

@)

FIGURE 2. Wiring dia
grams of each of the hasic
circuits of the cODtrol

board

~ALE

Ll ®

~(
TO LIGHTING
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and this is quite important in a semi
public place where many uninformed
persons would have access to the switch
board, tampering can be effectively pre
vented by removing and locking up the
patch cords when they are not actually
in use during a performance.

The small wiring diagram, Figure
2(a), shows the way in which the Variac
is used for fading. Three of the recep
tacles below each Variac are connected in
parallel between the arm and one end of
the Variac, the other three in parallel
between the arm and the other end. ,The
curved arrows engraved above each
group of receptacles indicate the direc
tion in which the Variac knob must be

rotated to bring up the voltage on that
group. This arrangement not only pro
vides means for achieving special effects,
but promotes flexibility by requiring
fewer Variacs under certain conditions.

Figure 2 (b) shows the wiring of one
group of direct 115-volt receptacles, and
Figure 2(c) of one set of load-control de
VIces.

In use, the female end of a patch cord
would be attached to one male recep
tacle (in Figure 2(c) ), then plugged into
a controlled female receptacle (in Figure
2(a)) or into an uncontrolled one (in
Figure 2(b) ). - P. K. McELROY

MEASURING 100,000 RPM
• MEASURING AND CONTROL
LIN G THE S PEE D of an ultra-cen
trifuge rotating at 100,000 rpm presents
an interesting problem. Physicists at
the laboratories of the . S. Department
of Public Health have developed an in
genious and thoroughly workable solu
tion.

The centrifuge used in this laboratory
is driven by a compressed air stream and
rotates on a similar stream for its bear
ing. The obvious method of measure
ment, using a Strobotac operated at a
submultiple of the rotational speed, is
open to three objections: (1) that the
method does not permit accurate meas
urement rapidly, because submultiples
are too close together on the Strobotac
scale; (2) that safety considerations pre
vent the operator from being too near

the centrifuge when it operates at these
speeds, and (3) that it provides no
means for controlling the speed.

The method now proposed uses a
TYPE 834-A Electronic Frequency Meter
to indicate the speed. A beam of light is
reflected from the surface of the rotating
element and falls on a photo-electric cell.
A black spot painted on the rotating sur
face interrupts the light once each revo
lution. The amplified output of the
photocell is applied to the electronic fre
quency meter, which reads the speed di
rectly in revolutions per second.

Carrying the project one step farther,
a marginal relay in the doc meter cir
cuit is then used to control the pres
sure of the air stream driving the
centrifuge, providing an automatic speed
control.
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MISCELLANY
.AN ENGINEERING COLLO
QUI UMis held each Tuesday afternoon
at General Radio for the purpose of dis
cussing problems of interest to members
of our engineering and production de
partments. The speakers are usually
members of the engineering staff, but at
times we are fortunate in securing
speakers from other companies.

One of the most interesting of these
meetings was recently addressed by Mr.
A. G. Clavier of the L. M. T. labora
tories, Paris, who discussed experiments
in 20-centimeter radio transmission.

Accompanying Mr. Clavier on his
visit to our plant was Mr. George H.
Gray, Transmission Engineer of Inter
national Telephone and Telegraph Cor
poration, ew York.

.ANOTHER RECENT VISITOR
was Mr. Paul Fabricant ofthe Paris firm
Radiophon, agents for General Radio
equipment in France. Mr. Fabricant
also addressed one of these colloquia.

• MR. H. H. SCOT T of the engi
neering staff will speak at three pro-

fessional society meetings early in April
on sound measurement and analysis,
stroboscope ,and high speed motion pic
tures. His schedule is: pril 4, Buffalo
Section, Society of utomotive Engi
neers; April 6, Erie, Pennsylvania Sec
tion, American Society of Mechanical
Engineers; April 8, Madison, Wiscon
sin Section, American Institute of Elec
trical Engineers.

• THE SCI ENCE CL UB of the
Western Electric Company at Haw
thorne, Ill., was addressed on the subject
of "Stroboscopes" by Mr. A. E. Thiessen
on February 18.

• MR. T HIE SSE N also spoke at
the March 11 meeting of the Boston
Section, I. R. E., on "Distortion and
Modulation Measurements on Broad
cast Transmitters."

• T H REE ENG I NEE RS collab
orated in the design of the TYPE 713-B
Beat-Frequency 0 cillator described in
this issue: Messrs. H. H. Scott, L. B.
Arguimbau and . G. Bousquet.

THE General Radio EXPERIMENTER is mailed without charge each
month 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 oj
individual.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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A-C OPERATION FOR
TYPE 613·B BEAT·FREQUENCY

OSCILLATOR

,fIJI
IN THIS ISSUE

Page

THE BEHAVIOR OF
TypE 505 CONDENS.
ERS AT HIGH FRE-
Q E eYES 4

VOLUME XII NO. 11

.THE TYPE 613-B BEAT-FRE
QUE NCY 0 SCILL ATOR, a low-power,
battery-operated instrument, has had a wide
use in laboratories. Small in size and simple

in operation, it is a convenient instrument to use for laboratory and field
testing. Many users, however, have felt a need for a-c operation of this
oscillator, particularly in permanent installations.

To satisfy this demand, we have developed the TYPE 613-Pl Power
Supply. Designed specifically for use with the TYPE 613-B, this power

FIGURE 1. The TYPE 613-B Beat-Frequency Oscillator with TYPE 613-Pl
Power Supply installed
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r-------r-------o+
OUT

R,

FIG RE 2. chematic diagram of the voltage
regulator

uni L fi Ls the battery compartment of
the oscillator and need not be perma
nenLly installed. The shift from batteries
to a-c supply and vice versa can be made
in a few seconds, so that the oscillator
can be used with a-c supply in the lab
oratory and with batteries in the field.

Figure 1 is a photograph of the power
supply unit itself and Figure 2 shows it
installed in the oscillator cabinet. On
recent models of the 0 cillator (Serial

0.402 and above), the 0 -OFF witch
i arranged to break the a-c line feeding
the power supply. On older models,

where the panel switch breaks only the
filament circuit, the plate supply can be
turned off hy using a switch provided on
the TYPE 613-Pl nit, or a new switch
can be installed in the oscillator by the
user.

The circuit of the power supply unit is
shown in Figure 3. In the low-voltage cir
cuit for supplying the filaments, a copper
oxide rectifier with adequate filtering is
used. The usual thermionic rectifier is
used in the high- oltage circuit.

One important feature is the built-in
voltage regulator which keeps the out·
put voltage constant over a wide range of
line voltages. This is a vacuum-tube type
of regulator and is shown in simple form

. F' 4 Wl h . R 2 • dIII Igure. len t e ratIO - IS ma e
R1

equal to the amplification constant of the
vacuum tube, constant voltage is ob
tained at the output terminals for a wide
range of input voltage . By means of the
bias E g the output voltage can be ad
justed to the desired value. In the TYPE
613-Pl Power Supply, the bias E g is ob·
tained from the constant voltage drop

FIGURE 3. Interior view of the TYPE 613·Pl Power Supply
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across the neon lamp, V-3, and is adjust
able by means of the slider on R-i.

Excellent voltage regulation is pro
vided by using this system. With the
normal load of the TYPE 613-B Beat
Frequency Oscillator, the output voltage
varies between 134 and 137 volts for a
line voltage range of 100 to 130 volts.

The line-frequency hum level has been
kept low by using adequate filtering and
by providing an electrostatic shield be
tween the primary and secondary wind
ings of the power transformer. The hum

amplitude appearing in the oscillator
output is less than 2 millivolts for all line
voltage and frequency combinations ex
cept 120-130 volts, 42 cycles, where it
rises to 3 millivolts. This is equivalent to
about 0.01% of open circuit output
voltage.

This instrument will operate on all
line frequencies between 40 and 60
cycles. Total power input is approxi
mately 15 watts.

SPECIFICATIONS
Out put: 2 volts, 0.3 a and 135 volts, 8.5 rna.

I nput: 15 watts at 100 to 130 volts, 40 to 60
cycles.

Tub es: One 6X5, one 6C5, one T -4Y2 neon
lamp. All tnbes are supplied.

M 0 un tin g: Sheet aluminum frame and base
to fit battery compartment of TYPE 613·B
Beat-Frequency Oscillator.

Ter min aIs: Output voltages are available at
terminals for connecting battery leads of
TYPE 613-B Beat-Frequency Oscillator.

othe rAe cess0 r i es Sup PII ed: Line cord
and-plug assembly; spare fnses; spare neon
lamp.

Dim ens ion s: 13Y2 x 8% x 2% inches, over-all.

Net Wei ght: 12 Y2 pounds.

Type

613-Pl

Code Word

POWPACKANT

Price

·70.00

FIGURE 4. Complete circuit diagram of the TYPE 613-P1 Power Supply
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THE BEHAVIOR OF
AT HIGH

TYPE 505 CONDENSERS
FREQUENCIES

FIGURE 1. Equivalent circuit of a fixed mica
capacitor

*R. F. Field and D. B. Sinclair, uA Method for D~ler.

mining tbe Residual Inductance and Resistance of. a Vanahle
Air Condenser at Radio Frequencies." Proceedmgs of th.
I.R.E., February, 1935.

tFor an authoritative review of contemporary knowledge
of dieleClric behavior see E. J. Murphy and S. O. Morgan.
UTile Dielectric Pro~rlie8 of Insulating l\1aterials," Bell
System Technical Journal, October, 1937.

plates; it has energy 10 ses in the solid
dielectric material and, finally, it has
energy losses in the metallic structure
and in the leads.

As in the case of the variable capaci
tor,* a fixed mica capacitor may be rep
resented by the equivalent circuit shown
in Figure l.

In this figure, L represents the resid
ual inductance of the capacitor, R the
effective series resistance corresponding
to losses in the metallic structure, G the
effective parallel conductance corre
sponding to losses in the solid dielectric
material, and C the true capacitance.

The true capacitance, C, as predicted
by the Debyet polar molecule theory,
should be essentially constant for fre
quencies up to a transition region in
which a decrease in the dielectric con
stant and a peak in power factor take
place. This transition region for mica ap
parently is absent or occurs at very high
frequencies as no such shift in dielectric
constant is ob erved in the region be
tween 50 cycles and 10 Mc. slight in-

Ge

L R

• MUCH ATTENTION HAS BEEN
DIRE CTED to the determination ofthe
frequency characteristics of fixed and
variable resistors and of variable capac
itors because these elements are most
generally used as impedance standards.
Correspondingly precise information on
the frequency characteristics of fixed
capacitors has not been readily available.

A brief description of the behavior of
TYPE 505 Condensers at frequencies
from 50 cycles to 10 Mc seems warranted
in view of the uses which many experi
menters are now making of these capac
itors in high-frequency circuits.

ANALYSIS
In theory, a perfect fixed capacitor

would have a pure unvarying capaci
tance, with no residual inductance and
resistance. In practice, of course, such a
capacitor cannot be physically realized.
An actual capacitor has a true capaci
tance which varies with frequency in ex
actly the same manner as does the di
electric constant of the solid dielectric
between the plates; it has a residual in
ductance caused by the magnetic flux set
up by the currents in the leads and
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crease in effective capacitance occurs at
low audio frequencies, however, because
of dielectric absorption.

The residual conductance, G, varies
with frequency in a rather complicated
manner. For many good solid dielectric
materials it has been found that the
energy loss per cycle per squared po
tential gradient is essentially constant,
irrespective of frequency, and that the
conductance, G, therefore increases lin
early with frequency*. While this simple
law holds very well for variable capaci
tors having ceramic or quartz insulation,
it breaks down for fixed mica capacitors
such as the TYPE 505. At low frequencies,
losses caused by absorption currents ap
pear to predominate, and the conduct
ance, G, has been found experimentally
to follow the law

G = kw l - n

*The power 1088 is given by E2G. If the energy 1088 per
cycle is constant. the total energy 1088 per second is directly
proportional to frequency, and the effective conductance,
G, increases linearly with frequency. This relation may al80
be derived from the more common statement that the 1088
factor (power factor X dielectric con8tant) is constant.

Lo•• ractor = £-X • =...£ X -.f =!: ~
wC wC Co w Co

where E is the dielectric constant at any frequency and Co
the capacitance which wouJd exist for E = 1.

where n is approximately equal to
0.2. t At higher frequencies the con
ductance, G, increases linearly with the
frequency.t

The power factor component con
tributed by the dielectric loss is given by

the expression £. At low frequencies
wC

the power factor component therefore

varies with frequency as ~ and at highr
frequencies the power factor component
is constant.

The residual inductance, L, is con
stant with frequency. It introduces a
component of positive reactance in series
with the negative reactance of the true
capacitance and consequently causes the
effective terminal capacitance C. to de-

tSee. for instance, H. J. MacLeod, uPower Lo88 in Dj.
electric8; Variations with Frequency," PhY6. ReeJ., Vol. 21,
No. I, p. 53; January, 1923.

tAt very low frequencies~ a further componen t of loss is
introduced by the actual leakage conductance through and
over the surface of the 801id dielectric. Since the leakage
conductance of TYPE 505 Condensers js of the order of
0.0005 ,umho per microfarad~ this los8 is ordinarily neg~

ligible.

FIGURE 2. The effective capacitance values for four standard TYPE 505 Condensers. Since the
low-frequency rise in capacitance would not be noticeable on a plot to tftis scale, values below

10 kc are not shown
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part from the true capacitance, C, at
high frequencies .
. The residual resistance, R, contrib

utes a negligibly small loss at low fre
quencies since it is in series with a high
capacitive reactance. As the frequency
increases, however, the capacitive reac
tance drops in relation to the residual
resistance and the power factor com
ponent contributed by metallic losses
first becomes comparable with and fi
nally exceeds the component contributed
by dielectric losses. The power factor
component corresponding to metallic
loss is given by the expression RwCe• This
component actually rises more rapidly
than the first power of the frequency be
cause of skin effect in the metal parts
and because Ce increases with frequency.

MEASUREMENT

A plot of the effective capacitances of
four standard TYPE 505 Condensers as a
function of frequency is shown in Figure
2. The capacitances rise slightly at low

frequencies,* remain constant for me
dium frequencies, and rise sharply at
high frequencies. The rise at high fre
quencies depends upon the residual in
ductance, L, which causes the effective
terminal capacitance to follow the law

C
Ce = 1 _ w2LC (1)

Equation (1) shows that the frac
tional rise in capacitance at high fre
quencies increases with the true capac
itance C. From the experimental curves
it can be seen that this law holds true in
general. The 1000 p,p,f capacitor shows a
rise of 1% at a frequency of 2.2 Mc. The
100 p,p,f capacitor does not rise 1% until a
frequency of 7.2 Mc has been reached.

From the increase in effective capaci
tance at high frequencies the value of the
residual inductance may be deduced.
Maximum precision in determining the
inductance is secured by plotting, in the
form of a straight line, data taken at
several frequencies.

From Equation (1)
1 1
- = - - w2L
Ce C

*The capacitance risc at low frequencies is too smaLllO be
visible on the ploL of FIGURE 2. The rise is essentially the
same lor all lour capacitors and amounts to about 0.1 J.l.lJ.f
at 2000 cycles, 0.2 ""f at 400 cycles, 0.3 ""f at 150 cycles,
0.4 ""f at 85 cycles. and 0.5 ""f at 50 cycles with the capac-

itance at 100 kc taken as reference. The reason that the
capacitance rise is not dependent upon the size of the
capacitors appears to be that a large pact of the absorption
is in the yellow bakelite ca8e8~ scaling compound,.'4md
residual moisture, and not in the mica.

FIGURE 3. Variation of power factor with frequency for tbe four sample condensers
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FIG RE 4. The straight
line plot {rom which the
inductance of the 1000 Illlf

capacitor was obtained.
The points shown are
those determined experi-

mentally

'0 to JO 40 '0 '0
,1. 10..1

70 100

Therefore, if~ be plotted as a func-
C.

tion of w2 over the frequency region
for which C is constant, a traight line is
obtained. The intercept of the straight

lin 'hh din .. 1 1e WIt t e or ate aXIs IS equa to-
C

and the slope is equal to L.
Figure 4 illustrates the experimental

straight-line plot for the 1000 J.l.J.I.f TYPE
505-F Condenser. From the precision
with which the experimental points fall
on the straight line, it is clear that the
implicit assumptions that Land Care
constant over the frequency range are
valid.

The values of C obtained from the in
tercepts check the 100 kc capacitance
values well within the precision of meas
urement. The values of residual in
ductance formed for the four capacitors
are all sensibly equal as shown in the
following table:

Type Capacitance Inductance

505-A 100 J.l.J.I.f 0.055 J.l.h
505-B 200 J.l.J.I.f 0.053 J.l.h
505-E 500 J.l.J.I.f 0.054 J.l.h
505-F 1000 J.l.f.Lf 0.050 J.l.h

This close agreement, despite the dif
ference in rated capacitance, i taken to
mean that the inductance i largely lo
calized in the leads to the capacitors.

Curves of the power factors of these
capacitors are shown in Figure 3. The
general expression for power factor must
include a factor which expresses the di
electric loss and a factor which expresses
the metallic loss, as follows

G
D = - + RwC. (2)

wC.

The first component corresponds to
the dielectric loss. t very low fre
quencies the conductance, G, varies ap
proximately a jO.8. The power factor
component, therefore, varies as 1/jO·2. At
higher frequencies G varies directly as f
and the power factor component is con
stant.

The second component corresponds to
the metallic loss. thigh frequencie ,
where it becomes appreciable compared
with the dielectric loss component, skin
effect in the metal parts is essentially
complete and the residual resistance, R,
varies approximately as p.. The power
factor component therefore varies as f~.
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Equation (2) shows that the power
factor rise at high frequencies varies di
rectly as the effective capacitance Ce•

The curves of Figure 3 are seen to bear
out this general law. The power factor
of the 1000 IJ.lJ.f condenser begins to rise
at a frequency of about 200 kc. The
power factor of the 100 IJ.lJ.f conden er
doe not begin to rise appreciably until
tbe frequency reaches 5 Mc.

The residual series resistance, R,
causing the high-frequency power factor
rise, is roughly the same for all four ca
pacitors. It is therefore believed to reside
largely in the leads from the capacitor
binding posts to the capacitor plates.
The magnitude of the resistance causing
the rise is small, about 0.003 n at 1 Mc
and 0.008 n at 10 Mc. It is difficult to
reduce this resistance because, when
skin effect is complete, the resistance is
proportional to the superficial area of the
leads and not the cross-sectional area. It
has been computed that, in order to re
duce the resistance by a factor of 10, it
would be necessary to use leads consist
ing of 31-inch copper rod or tubing.

The power factors of all four capaci
tors are seen to follow the general trend

predicted by the foregoing analysis but
they are translated in a vertical direc
tion. This effect is partly caused by
losses in the yellow bakelite case, in the
sealing compound, and in residual mois
ture. In each capacitor 2 to 3 IJ.lJ.f of the
terminal capacitance occurs between the
terminals themselves, with the case ma
terial and sealing compound as dielec
tric. The power factors of these ma
terials are far inferior to the power fac
tor of the mica. As the rated capacitance
is increased, the proportion of poor di
electric to good dielectric decreases and,
consequently, the over-all power factor
is improved and the curves shift down
wards.

The experimental data at frequencies
from 50 cycles to 50 kilocycles were
taken with the General Radio TYPE
7l6-A Capacitance Bridge, using both
the Schering and parallel resistance con
nections; data were taken at frequencies
from 160 kc to 4 Mc with the General
Radio TYPE 516-C Radio-Frequency
Bridge. At frequencies from 5 Mc to 10
Mc a parallel-resonance circuit was
used. In all cases measurements were
made with a parallel substitution
method.

- D. B. SI CLAIR

THE Genera.l Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in
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FIGURE 1. TYPE 70 and TYPE 80 Variac Transformers.

• THE VARI ACT RAN SFOR MER, an
adaptation of the Variac principle to give
voltage adjustment over narrow ranges, is
now available in five stock models. The
latest addition to this line is Type 80-C2, a
220-volt model.

The Variac Transformer is built on a rectangular core, with multi
layer windings on the longer two legs of the core. Two carbon brushes
make contact with the outside layer on each leg. This straight-line
motion is translated into rotary motion by means of a stiff steel tape
which winds on a shaft. A 320-degree rotation of this shaft drives the
brushes along the entire length of the winding. These details of con
struction can be seen in the photograph of Figure l.

Availahle stock models with their characteristics are listed in the
table on page 2. Figure 2 shows the connections. Obviously, input and
output connections for the - Band - C models can be reversed, that is,
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I~ut Ou~ut
Type olts Vo ts Max. Current

70-A2 US 0-10 6 a
70-B2 100-125 US 2 a
80-A2 US 0-10 20 a
80-B2 90-130 US 7.5 a
80-C2 200-240 220 7.5 a

a variable voltage can be obtained from
a constant·voltage line, if desired.

Many other combinations of input
and output voltages are possible. The
limitation on the design of special models
is the variation in output power which
can be handled by the core structure.
This quantity, called "variable power"
for want of a better term, is the differ-

ence between the power outputs at maxi·
mum and minimum output voltages.

The Type 80 Core will handle 250
watts of variable power, and the Type
70 Core, 50 watts. Variac Transformers
designed to the customer's specifica.
tions can be supplied within these
limits. Prices will gladly be quoted on
request.

SPECIFICATIONS

Load Rating: TYPE 70 furnishes 50 watts and
TYPE 80 supplies 250 watts of variable power.

Curr en t: See table above. All ratings are for
50- to 60-cycle service.

No· Loa d Los s: Approximately 5 watts for
TypE 70; 10 watts for TypE 80.

Terminals: Threaded terminal studs with sol·
dering lugs.
Dimensions: TYPE 70, (length) 4U x (width)
3% x (height) 4 inches; TypE 80, (length) 872
x (width) 4X x (height) 572 inches, over-all.
Net Weight: TYPE 70, 4X pounds; TypE 80,
13X pounds.

Type

70-A2

70-B2

80-A2

80-B2

80-C2

Code Word

BASIN

BASSO

BATON

BATTY

BARO

Price

10.00

10.00

15.00

15.00

15.00

The trade name VARIAC is registered at the U. S. Patent Office. The VARIAC is manufactured and sold
under U. S. Palenl 2,009,013 .

...------<>3

,-------<>4

'><l--------<>3

,------04

Z 0------./

FIGURE 2. (Left) Connections for TYPE 70·A2 and TypE 80·A2. The input terminals are numbered
1-2; the output terminals 3-4. (Right) Connections for TYPE 70-B2, TYPE 80-B2, and TYPE 80-C2.

Input is applied at terminals 3-4 and the output appears at 1-2.
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frequency and intensity of a tone. He
has also found that three other subjec
tive qualities, those of loudness, volume,
and density, may be used to describe a
pure tone, and the relation of these to
frequency and intensityhas been studied.
To the layman, loudness and pitch mean
definite things, but volume and density
are less tangible. However, if we think
of a high tone we realize that it seems
"small" and "compact" as compared to
a low tone. The idea of size corresponds
to volume and "compactness" or "con
centration" to density.

In studying these tonal qualities the
apparatus shown in Figure 1 was set
up to present to an observer, alternately,
two tones differing slightly in frequency.
All the apparatus was kept outside the
sound-proof room in which the observer
sat, with the exception of the speakers,
calibrated microphone, and a rheostat
which was used to control the intensity
of one of the tones. This rheostat was
adjusted by the ob erver until the two
tones sounded equal in pitch, loudness,
or any other quality which was being
investigated. The intensity of the stand
ard tone being known, that of the
second tone was recorded and the proc-

EXPERIMENTS
OF

IN THE PSYCHOLOGY
HEARING

• MANY GENERAL RADIO IN·
S T RUM E NT S are used by people
who are not directly interested in
electrical measurements but who have
found electrical instruments of some
help in studying other phenomena. Ac
cordingly, wave analyzers are bought by
soft drink manufacturers, tuning forks
are used by geologists, and stroboscopes
have been helpful in predicting the
effects of earthquakes on structures.
Into this category of unusual applica
tions falls the use of many of our instru
ments by the Department of Psychology
of Harvard University. Under the direc
tion of Dr. S. S. Stevens of this depart
ment and Dr. Hallowell Davis of the
Medical School, a large amount of re
search has been done on the psychology
and physiology of hearing, and in this
work electrical instruments have played
a very important part.

For many years it has been known
that the pitch of some pure tones seems
to change slightly as the intensity of the
tone is changed, even though the im
pressed frequency remains constant.
Dr. Stevens has made a more thorough
investigation of the subjective quality
of pitch and its relation to the objective

FIGURE 1. Apparatus used for measuring tonal
attributes. A TYPE 508 Oscillator was arranged
with external condensers so that two frequen
cies differing by small known amounts could be
obtained. These two frequencies were fed,
alternately, to speakers near the observer's ears.
The switching from one frequency to the other
was done automatically at a rate of about 40
alternations per minute, and in such a manner
that the tones were allowed to build up com
paratively slowly so as to eliminate "clicking"
in the speakers. A calibrated microphone,
placed in the position normally occupied by
the right ear of the observer, was used to ob-

tain absolute values for the intensities used.

o-D-GO--r-i
T
.=",}-1.~----,
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ess repeated. Several trials were made
at various intensity levels, and different
observers were also used.

By applying this procedure, isophonic
contours are obtained which represent
equal loudness, pitch, density, or volume.
For example, in Figure 2 the percentage
frequency change needed to keep the
pitch constant is plotted against sound
pressure, and a family of curves is ob
tained with the standard frequency as a
parameter. If isophonic contours for the
four subjective qualities (pitch, volume,
density, and loudness) are plotted on
one scale for a given frequency and in
tensity level, the changes in these tonal
attributes caused by given changes in
frequency and intensity can be com
pared very easily. This is done in Figure
3, which shows what change in the in
tensity of a tone must be made in order
to compensate for a particular change in
frequency, whenever it is desired to hold
anyone of the subjective aspects at a
constant value. Dr. Stevens and his

INTENSITY IN DB (ZERO OB=I DYNE/CM.2 )

FIGURE 2. Contours showing the relation of
pitch to intensity. The per cent change in fre
quency necessary to keep the pitch of a given
tone constant in the face of a given change in
intensity is a measure of the effect of intensity
upon pitch. The vertical scale was so chosen
that a contour with positive slope indicates
that pitch increases with intensity. Note that
pitch decreases with intensity below 2000 or
3000 cycles, then increases at higher frequencies.

colleagues have interpreted these results
to mean various things regarding the
physiology of the ear, and much of their
work has been to correlate these results
with the known facts regarding the proc
ess of hearing. Thus the partial tuning
of the basilar membrane, the activa
tion of the fibers in the auditory nerve,
and similar phenomena are being studied
in the light of the information provided
by these experiments.

For some time it has been known that
a sound stimulus generates an electric
wave in the cochlea. Dr. Stevens showed
that this effect is reversible. That is, he
passed alternating current through the
heads of several observers, and they then
experienced an auditory sensation. One
electrode was strapped to the arm and
one was placed in a saline solution in the
ear. Several sets of measurements were
made in order to determine the amount
of energy required at different frequen
cies to produce a threshold sensation of
hearing and then to produce a sensation
of shock. These threshold curves are
very similar to the curves for normal
hearing, as would be expected. At 500
cycles, for example, it takes but 10
decibels above 1 microwatt to produce a
sense of hearing, while at 12,000 cycles
it takes nearly 30 decibels. At about
125 cycles the two thresholds meet, and
then the sensation of hearing by this
electrical stimulation becomes rather
strange, according to the reports of the
observers. Pure tones were used in the
measurements of the thresholds, but if

10 20 30 .40.40 -30 -20 -fO
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_28
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-20

-22

-26

-I

-10



5 EXPERIMENTER
very poor wave-forms such as the
familiar saw-tooth discharge wave are
used, the lower limit of frequency is
extended indefinitely, although there is
no longer the sensation of a con
tinuous tone.

Unfortunately, the tones heard under
electrical stimulation are greatly dis
torted and do not sound pure. This fact
was demonstrated by sending the out
put of a radio receiver through the
observers. Music and speech were
recognizable as such but could not be
understood with any degree of accuracy.

Several hypotheses have been ad
vanced to explain the phenomenon of
hearing by electrical stimulation, but
the one which best fits the facts assumes
that the same elements in the ear which
produce an electric wave in response to
mechanical vibration, also proceed to
vibrate when subjected to an alternating
electric field. It has been suggested that
in this respect the hair cells of the inner
ear behave in a manner analogous to
tiny piezo crystals.

A most interesting investigation which
is being carried on at the present time is
the study of the distortion of pure tones
produced by the ear. Harmonics so
produced are heard subjectively, but
are not easily measured or studied in
the human ear. By the use of animals,
however, Dr. Stevens and Dr. Davis
have succeeded in obtaining much in
teresting information. It has been
found that the cocWea of the ear pro
duces an electrical potential which is
very similar in form to the sound im
pressed on the ear, and that this potential
is a very good index of the sound energy

FIGURE 3. Isophonic contours representing
equal pitch, loudness, volume, and density of
tones referred to a standard tone of 500 cycles
and 60 db. Zero frequency = 500 cycles, and
zero intensity = 60 db above the auditory

threshold.

which reaches the end-organs of the
auditory mechanism.

Tones are produced by a TYPE 7l3-B
Beat-Frequency Oscillator the output
of which is fed through an attenuator
and then into a speaker box. From there,
a rubber tube conducts the sound to the
ear itself. The cochlear potential is
picked up by a wick electrode from the
round window. These potentials were
then amplified and fed to a TYPE 636-A
Wave Analyzer, an oscillograph, or a
speaker. A calibrated microphone was
also used to measure the absolute in.
tensity levels at the ear.

When pure tones are used for the
stimuli, an analysis of the electrical out
put shows that harmonics are intro
duced when the intensity of the stimulus
reaches 40 or 50 decibels above the
human threshold. t first the second
appears; then, as the level is increased
still further, the third, fourth, and even
the fifth harmonics appear. As the
harmonic content rises, the fundamental
output tapers off and reaches a rather
constant value by the time the stimulus
has reached 100 decibels above the
threshold.

One interesting fact is that after a
level of about 90 decibels is reached the
even harmonics begin to fall off, while
the odd climb steadily.

FREQUENCY - c. P. s.
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These phenomena give rise to a
hypothesis concerning the cause of the
harmonics in the ear. With small im
pressed sound pressures the ear has a
linear response, but, as the displacement
of the ear mechanism increases, first one
portion of the mechanism and then
another reaches a limit beyond which
Hooke's law does not apply and the
"characteristic" curve of the ear is non
linear. If this curve were exactly sym
metrical about the operating point, no
even harmonics would be present. Since
even harmonics were discovered, it is
supposed that the constraining muscles
of the middle ear impose unsymmetrical
limits on the amplitude of vibration.
This point was experimentally confirmed
by changing the tension of the muscles
of the middle ear and noticing that the
amounts of even harmonics were cor
respondingly affected.

Some work was also done with com
bination tones. Two pure tones differing
in frequency by several hundred cycles
were introduced into the ear and the
cochlear potential again analyzed. It

was then found that, in addition to the
harmonics of both tones, many com
bination tones were present. In one
instance a total of sixty-six combination
tones were found in the output of a eat's
ear. Three of these were of the seventh
order, while ten were of the sixth order.
One interesting thing occurred when
two tones were impressed simultane
ously: the harmonics of each were
reduced appreciably below the level
found when only one tone was used.

In addition to the investigations out
lined in this article many more re
searches have been carried on in the
past several years in this field. Further
more, it is certain that more work will
be done in the future to obtain in
formation which will lead to an under
standing of the nature of hearing. It
is still fascinating to realize that the
various branches of science can co
operate to produce instruments and
techniques which will allow better re
sults to be obtained than when each
branch works in its own "back yard."

- MARTIN A. GILMAN
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TYPE 664·A THERMOCOUPLE-
A HIGH-FREQUENCY VOLTAGE STANDARD

FIGURE 1. Front view of the TYPE 664-A Ther
mocouple showing the standard-voltage ter
minals. The circular plate mounts in the shield

or on the panel of an r-f generator.

• ABOUT A YEAR AGO an ex
perimental thermocouple and resistor
combination for the standardization of
high-frequency voltages was described
in the Experimenter.* Since that time,
several requests have been received for
similar devices, and, as a result, it has
been decided to make a high-frequency
thermovoltmeter element available as a
stock item.

The previously described unit con
sisted of a thermocouple and a standard
resistor in series, both using O.4-mil
nickel-alloy wire. The arrangement had

*L. B. Arguimhau, uA High-Frequency Voltage Sundar-d,"
Experimenter, June, 1937.

the serious drawback that only about
one-half volt could be safely applied to
the resistor unit. By using the heater of
the thermocouple as the standard re
sistor, this disadvantage can be over
come. As will be pointed out later, the
increased resistance does not introduce
any error in the measurement.

One of the factors determining the
high-frequency limit is the inductance
of the heater, or, more precisely, the
inductance-to-resistance ratio. This ratio
can be reduced (1) by decreasing the
wire diameter and (2) by increasing the
resistivity of the material used (chang
ing the length changes the inductance
and the resistance but does not alter the
ratio appreciably). A decrease in diam
eter lowers the power handling capacity,

FIGURE 2. Rear view of the thermocouple.
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FIGURE 3b. Sketch showing the arrange
ment of the elements.

tive or capacitive load and, in particular,
of the capacitance between the output
terminals. Applying Thevenin's theo
rem, this means that the effective output
impedance is zero, an important prac
tical advantage for high-frequency meas
urements.

The safe limit of output voltage is
about 7 volts. At this voltage the heater
resistance is approximately 200 ohms,
and the couple output (through 10 ohms)
is approximately 4 millivolts.

Since this standard is the best which
we have found, no independent check on
its accuracy is available. The computed
error resulting from inductance is 1% at
700 Mc and 2% at 1000 Mc. Estimated
bead capacitance gives an error of 1%
at 10,000 Mc, and skin effect is 1% at
16,000 Mc. -L. B. ARGUIl\ffiAU

AC

HEATER

INSULATING BEAD

DC

COUPLE

FIGURE 3a. Wiring diagram of the
thermocouple.

so that an increase in the resistivity of
the heater material is more desirable
than the other method. After a numeri
cal consideration of these various factors,
a 3-mil carbon heater ~" long was
chosen. The carbon heater has the dis
advantage of having a bad temperature
coefficient of resistance but, in addition
to its other advantages, it is definitely
non-magnetic whereas high-resistance
alloys are not entirely free from sus
picion in this respect.

The terminal and electrical arrange
ment, shown in Figure 3, has certain
obvious advantages. When the couple
is mounted in the case of a shielded
generator, the input and output circuits
have practically zero mutual reactance,
avoiding stray induced output voltages.
Since the voltage element is directly
across the output terminals, the voltage
sensitivity is independent of the resis-

AC ---;)o------.--e:=:j

oC -,-----<:>---1D:""

SPECIFICATIONS
Dimensions: Diameter of shield panel, 3 Net Weight: 7 ounces.
inches; diameter of case, 2 inches; depth be- Cod e W0 r d: FANCY.

hind panel, %: inch. Prj c e: $25.00.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA



FIGURE 1. Panel view o( the TYPE 740·B Capacitance Te t Bridge with cover removed
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A WIDE· RANGE CAPACITANCE
TEST BRIDGE

,4ko.
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A 60-CYCLE SCHERING
BRIDGE 5

.THE OUTSTANDING FEATURES
of the new TYPE 740-B Capacitance Test
Bridge are its accuracy, portability, sim-
plicity of operation, and wide range of ca
pacitance and di ipation factor - features

wbicb make the bridge suitable for industrial use. The bridge is intended
for use (1) by the condenser manufacturer or user for checking paper,
electrolytic, and mica conden ers; (2) by cable and insulated-wire manu
facturers for measuring specific inductive capacity, direct and mutual
capacitance between conductors, and capacitance between conductor
and shields; (3) by transformer manufacturers for measuring winding
capacitances and capacitance between winding and ca e; (4.) by spark
plug manufacturers for checking spark-plug capacitance in the pro
duction line; and (5) in general capacitance testing.
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In this new bridge a visual indicator
replaces the earphone method of null in
dication. In industry earphones are pro
hibited because they are too fatiguing to
the operator and because they are un
suitable in the presence of the high noise
levels existing in most factories. The
TYPE 740-B Capacitance Test Bridge
with its visual indicator overcomes these
difficulties and offers in addition the ut·
most in simplicity of operation.

SIMPLICITY
Every effort has been made to mlU

imize the number of controls and to keep
manipulation as simple as possible. Re
ferring to the panel photograph, Figure
1, the only dials are the capacitance dial
and multiplier switch, which read di
rectly in capacitance; the direct-reading
dissipation factor dial; and a sensitivity
dial which allows the operator to adjust
the sensitivity of the visual indicator to
any desired value. Batteries and exter
nal or internal oscillators are avoided,
and, being designed for 60-cycle opera
tion, the bridge can be set up and op
erated at any location where a lIS-volt,
60-cycle line is available.

To make the bridge entirely suitable
for portable use, it is mounted in a light
carrying case, of airplane-luggage con
struction, with cover and handle, so that
it can be carried anywhere without dam
age to knobs, dials, or other important

parts. The construction is so rugged that
there is little danger of damage, even in
inexperienced hands.

Five micromicrofarads to 1100 micro
farads for capacitance and 0 to 50% for
dissipation factor are the ranges of the
bridge - ranges which make it suitable
for almost every industrial or laboratory
application. At one end of this range is
the cable and wire manufacturer, who is
generally interested in measurements be
low 1000 micromicrofarads, and at the
other end is the electrolytic condenser
manufacturer, who is interested only in
capacitances of the order of 10, 100, and
1000 microfarads.

The loss balance control of the bridge
is calibrated in per cent dissipation fac
tor (RwC), and all references to this loss
factor will be made in terms of dissipa
tion factor rather than power factor.
This is because dissipation factor and
power factor equal each other only for
values less than 10%. Therefore, in view
of the 0-to-50% range of the bridge, it
would be a misnomer to refer to the loss
factor as anything but dissipation factor.*

THE BRIDGE CIRCUIT
The bridge circuit is shown in Fig

ure 2. The standard arm consists of a
fixed condenser in series with a variable
resistor. One ratio arm is variable in
decade steps and the other is continu
ously variable and calibrated directly in
capacitance.

The power for operating the bridge

'See Table J. page 7.

BRIDGE

flMPLIFIE.R
VISOR!..

INDICATOR

UNKNOWN

7 60N-~.,)t
STANOA~

FIGURE 2. Sim
plified wiring dia
gram of the
TYPE 740-B Ca
pacitance Test
Bridge.
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circuit is obtained from the 60-cycle line
through a hielded isolating transformer.
Care was taken in the design and con
struction of this power transformer to
insure complete isolation of the bridge
circuit from any variations that might
occur in the supply line and to insure a
minimum of capacitance between gen
erator terminals and ground. The e pre
cau tions are necessary in order to
maintain the high degree of accuracy
of which the bridge itself is capable.

The voltage impressed across the
U K OW terminals varies contin
uously with the bridge setting. For very
small capacitances measured on the
.0001 capacitance range, the voltage
across the unknown condenser is ap
proximately 35 volts, and with increas
ing capacitance the voltage decreases, so
that at 100 microfarads the voltage is
approximately one volt.

THE AMPLIFIER
AND NULL INDICATOR

The problems involved in obtaining a
satisfactory vi ual null indicator are con
siderably more exacting than tho e in
obtaining a suitable acoustical indicator.
For the acoustical method of balance,
the ear can tolerate the presence of con
siderable harmonic distortion and e 
traneous electrical noise without ma
terially reducing the accuracy to which
the balance can be obtained. In this
bridge, an electron-ray tube (the so
called magic eye) is used as a detector.
With this type of visual indicator, how
ever, the presence of harmonics or elec
trical noise causes the "eye" at balance
to appear fuzzy, and unless these noi es
and harmonics are filtered out, a sharp,
accurate balance is impossible.

By using a high-gain amplifier and a
sharply tuned filter circuit, a vi ual
null indicator having the sensitivity of
the amplifier-earphone combination ha

been obtained. The schema tic diagram,
Figure 2, shows the connections of the
detector circuit. The sensitivity poten
tiometer controls the gain of the ampli
fier and hence control the ensitivityof
the visual indicator. This en itivity
control i extremely useful when the full
sensitivity of the bridge is not desired
or when the bridge is being lIsed as a
limit indicator.

RANGE AND ACCURACY
The capacitance readings ofthe bridge

are taken from the settings of a seven
point decade multiplier switch and a six
inch dial baving a scale which is approx
imately logarithmic over one decade.
For capacitance the bridge is direct
reading from 5 micromicrofarads to
1100 microfarads, and its accuracy over
most of this wide range is within ± 1%.

Di sipation factor readings are taken
from a dial which is linear in dissipation
factor over two ranges, one of 0 to 5%
marked in divisions of 0.1% and the
other of 0 to 50 0 marked in divisions of

FIGURE 3. As shown, the capacitance test bridge
is small, light in weight, and easy to carry.
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1%. The dissipation factor range chosen
is selected by a toggle switch. The ac
curacy of dissipation factor readings
over practically the entire range of the
bridge is within ±%; of one of the small
est scale divisions. This means that on
the 0-to-5% dissipation factor range the
error in dis ipa tion factor reading is
±0.075%. and on the 0-to-50% range
the accuracy is to within ±0.75%.

GO·CYCLE MEASUREMENTS

Intended for industrial use, the new
TYPE 740-B Capacitance Test Bridge
was of necessity designed for 60-cycle
operation. To the cable, transformer,
and electrolytic condenser manufacturer
1000-cycle measurements have been of
little value, since much of the equip
ment manufactured in these indu tries
is intended for low-frequency operation.

either of the U K OW terminals
is actually connected to ground, al
though at balance the low terminal of
the bridge is effectively at ground
potential. Having both terminal un
grounded makes it possible to use the
bridge for (1) direct capacitance meas
urement between transformer windings
and between conductors in multi-con
ductor cables, and (2) for direct meas
urement of the direct and mutual

FIGURE 4. The capacitance test bridge set up
for the rapid testing of mica condensers.

capacitance between conductors and
shields and between transformer wind
ings and cases.

Specific inductive capacity and its
change with moisture absorption are
other measurements which can be made,
and because of the extremely wide range
of the bridge it can even be used for mak
ing these measurements on standard
10-foot test samples of insulated wire.

POLARIZING VOLTAGE FOR
ELECTROLYTIC CONDENSER

MEASUREMENTS

In the standard TYPE 740-B Capaci
tance Test Bridge no provision has been
made for the connection of a doc polar
izing voltage. Terminals for the connec
tion of a polarizing voltage have been
purposely left off, so as to keep the bridge
free from terminals which are not al
ways required and which may be confus
ing to the inexperienced operator. The
bridge circuit, however, is so arranged
that a doc polarizing voltage up to 500
volts can be applied, and, for those who
are interested in using the bridge for
checking electrolytic condensers, special
bridges can be supplied with terminals
for introducing a polarizing voltage. Fig
ure 5 shows the manner in which the doc
polarizing voltage can be introduced in
the circuit.

USE AS A LIMIT BRIDGE

The visual indicator makes it possible
to use the bridge for production con
denser testing. After a single preliminary
adjustment, one condenser after another
can be placed across the U KNOW
terminals and the electric eye will indio
cate immediately whether or not each
condenser i wi thin the allowed toler
ance. When the bridge is so u ed, capac
itance checks are made almo t instantly
and without requiring any careful meter
reading or dial adjustment.
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FIGURE 5. Circuit showing method of intro
ducing polarizing voltage.

This capacitance test bridge sets a
new standard for accuracy, ruggedness,
portability, and simplicity, and makes
commercially available a capacitance
measuring instrument suitable for pro
duction use, as well a routine labora
tory measurements. - L. E. PACKARD

SPECIFICATIONS

Power Sup ply: 115 volLs, 60 cycles.

P ower I np ul: 15 watts.

Va c u u m Tub e s: Oue each of types 6X5,
6]7, 6E5; all are supplied with the bridge.

M0 u nlin g : Portable carrying case.

Ne I Wei g hI: 19 pounds.

Dim ens ion S : (Length) 1431 x (width) 15 x
(height) 9~ inches, over-all, including cover
and handles.

Type Code Word

~~~:~ terJrunals installed for polarizing voltage ~~.nE~ 1

Price

140.00
10.00

This inlUrument is Licensed under patents of the American Telephone and Telegraph Company, solely {or utilization in
rCflearcb, investigation, meaeurement, testing, inslrucli n, and development work in pure and applied science

A 60·CYCLE SCHERING BRIDGE
.MEASUREMENTS OF THE
DIE lEe T RIC PRO PER TIE S of
insulating materials are acquiring a con
stantly increasing importance to in
dustry. These measurements include not
only the testing of materials used as di
electrics in capacitors, and as insulation
in transformers, cables, and electrical
machinery, but also a multitude of tests
on ceramic, fabric, and paper products to
determine their composition, moisture
content, and the effects of temperature,
humidity, and voltage gradient upon
them. For such measurements, it is de
sirable that the necessary bridge equip
ment be simple and capable of rapid
routine measurements. Since much of the

material so tested is for use at commer
cial power frequencies, it is convenient
to use the a-c line as a source of bridge
power, which eliminates the need for a
separate oscillator.

The TYPE 671-A Schering Bridge is
designed for this sort of measurement.
lhe power source may be any lIS-volt,
60-cycle line.* The voltage across the
unknown capacitor can be varied con
tinuously from zero to ten times line
voltage by means of a potentiometer and
input transformer. A meter is provided,
reading in kilovolts the rms potential
applied to the bridge and, e sentially, to

be bridge will operate at any frequency bel\\een 40 and
60 cycles.
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the unknown capacitor. Both the input
and output transformers are astatically
wound, and the bridge is electrostati
cally shielded, so that external 6O-cycle
fields do not affect the measurements.
Certain sources of error, difficult to elim
inate in a direct-reading type of Schering
bridge, are avoided in this bridge by us
ing a substitution method of measure
ment.

The bridge network consists of two
fixed equal re i tance arms, R3 and R4
(see Figure 2), shunted by the capacitors,
C3 and C4, and two capacitance arms,
one containing a fixed capacitor, Cl, and
the other a standard capacitor, C21, and
its trimmer, C22. The unknown external
capacitor is connected in parallel with
the standard, C21. A suitably shielded
and resonated transformer joins the
bridge network to some form of null
balance detector not included in the
bridge. The j unction of the capacitance
arms, the metallic housing cabinet, and
one terminal of the unknown capacitor
are grounded in operation. The input
transformer isolates the bridge from
grounds in the power supply.

In the TYPE 671·A Schering Bridge
the capacitance balance is made by

means of a TYPE 722 Precision Con
denser, C21, the scale of which reads
directly the capacitance, Cr;, of the un
known capacitor. This scale is calibrated
in steps of 0.2 fJ.fJ.f. The maximum capac
itance is 1020 fJ.fJ.f. Unknown capacitors
of larger value than 1020 fJ.fJ.f may be
measured indirectly by a series substi
tution method. The precision of abso
lute Cr; values measured on this bridge is
better than 0.1% of full scale value, or
± 1 fJ.fJ.f. Small differences between two
capacitors, or small changes in a given
capacitor with time, temperature, hu
midity, voltage gradient, etc., may be
determined with an accuracy of from
±0.1 to ±0.3 fJ.fJ.f.

The resisti'lle balance of this bridge is
accomplished by a separate variable
capacitor, C4, the scale of which is cali
brated, at 60 cycles, in terms of the
function:*

S = DxCr;
in which Cx is the capacitance in micro
microfarads and D:r; the dissipation factor
of the unknown capacitor. The S scale
is, therefore, calibrated in micromicro
farad units. The dissipation factor, de
fined as the ratio of resistance to react
ance and hence a pure number, is nu
merically equal to:

D = R:r;WC:r;

*A correction factor
must be applied for
other frequencies.

FIG RE 1. Panel
view of the 60
cycle Schering
bridge. Tote the
convenient shelf
for test pecimens.
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FIGURE 2. Circuit diagram o( the TYPE 67J -.\
Schering Bridge with the power (actor multi

plier switch in the Xl position.

where R", is the equivalent series resist
ance in ohms and Cx the equivalent series
capacitance in farads of the unknown
capacitor.

The dissipation factor, D"" obtained on
the Schering bridge is the cotangent of
the phase angle or the tangent of the loss
angle of the unknown capacitor, while
the power factor is the cosine of the
phase angle or the sine of the loss angle.
Power factor and dissipation factor are
essentially equal for low los dielectrics.
The relationship among these four quan
tities is indicated in Table 1 below.

The maximum S scale value is about
80 tJ.tJ.f. Capacitors having larger values
of D",C", may, however, be measured by
a series substitution method. For the
measurement of values of S less than
8 tJ.tJ.f, the range of the power factor dial
can be reduced by a factor of ten,
thereby increasing the precision of
measurement. This is accomplished by
throwing a switch which connect the
power factor capacitor, C4, as shown in
Figure 3. The compensating capacitors,

FIGURE 3. Circuit diagram o( thc bridge with
power (actor switch in the .1 position.

C7 and C8, are also connected in thi
switch position to retain the arne initial
capacitance and resi tive balances.

The first scale division on the power
factor dial is unity in the normal po
sition, or 0.1 in the low-range position.
The maximum error in the determina
tion of the value of S for the 1.0 multi
plier is ±2 0 of the dial reading or
±0.2 tJ.tJ.f, whichever is the larger. The
maximum error in the determination of
S with the 0.1 multiplier is ±2% or
±0.05 tJ.tJ.{ whichever is the larger. The
absolute error of the computed dissipa
tion factor involves this figure in addi
tion to the error of Cr: mea urement
specified above.

The trimming capacitor, C22, and the
capacitor, C3, are used in establishing
the initial balance of the bridge before
the unknown capacitor is attached.

The bridge is provided with a cord for
connecting it to the power main, a spe
cially shielded lead for joining it to the

TABLE 1
Phase Loss D issipatiolt Power DF-PF
Anf!,le Angle Factor Facto,. DF

90° 0° .0000 .0000 0
85° 5° .0875 .0872 0.34C"
80° ] 0° .1763 .1736 J.53c~

75° 15° .2679 .2588 3.4 (',

70° 20° .3640 .3420 6.1 %
65° 25° .4663 .4226 9.3 %
60° 30° .5774 .5000 13.4 %

Powcr Factor = cos cotan-1 D:x;
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null detector, and a horizontal shelf
for supporting small external capacitors
when used in a relay-rack mounting.

For all of the contemplated uses of
this bridge, it has been found that no
guard circuits are required. In the in
terests of simplicity of operation and
minimum expense, no provision for such
guard circuits has been made, and thus
the bridge is capable of measuring only
two-terminal capacitors.

Some form of null-balance detector is,
of course, required for use with this
bridge. The customary headphones are
not satisfactory at commercial frequen
cies. The best detector is some form
of visual null indicator having the re-

quired ensltlvlt and a sufficient degree
of selectivity to eliminate all harmonics
of the applied frequency which are un
avoidably present in the output of a
Schering bridge balanced at the funda
mental of the applied frequency. The
a-c operated TYPE 707 Cathode-Ray

ull Detector,* complete in one unit, is
ideal for use with this bridge, or a suit
able selective amplifier followed by a
rectifier type of meter may be employed.
For example, the TYPE 814-A Amplifier,
the TYPE 814-P3 60-Cycle Filter, and the
TYPE 488-D1 Rectifier Meter make a
satisfactory combination (see the Gen
eral Radio Experimenter for January,
1938). - HORATIO W. LA)ISON

*This new null indicator will be described in a forthcoming
iS8ue of the.Experimenter.

Power Sup ply: 115 volts, 60 cycles.
Power I nput: 30 \Va tts.

M 0 u ntin g : 19-inch relay-rack panel.

SPECIFICATIONS

Net Weight: 36Y2 pound.

Dim ens ion s : Panel, 19 x 127;( inches; depth
behind panel, 9%; inches.

Type

671-A

Code Word

BEGET

Price

$325.00

MISCELLANY
.MR. H. W. LAMSON read a
paper at the spring meeting of the Acous
tical Society of America in Washington
on "A ethod of Observing Sound De
cay and Mea uring Reverberation
Time."
• RECENT S PEA K ERS at General

Radio afternoon colloquia include
Messrs. Hill, Young, Sawin, Pace, and
Crites of Westinghouse Electric and
Manufacturing Company; Messrs. Riley
and Cutts of General Electric Company;
and Mes rs. Ehle and arsten of the
International Resistance Company.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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(1) Signal/noise ratio.
(2) Distortion versus powcr output. Distor

tion versus carrier output. Distortion
versus per cent modulation.

(3) Audio and over-all frequency char-
acteristics.

(4) coustic howl.
(5) Output at given distortion lnel.
(6) Over-all noise curve versus carrier inpu t.
(7) AVC characteristic.
(8) Modulation hum and hum output.
(9) Whistle output at 2d and 3d har

monics of IF.
(10) AFC measurements.
(11) Two signal cross-talk.

RADIO RECEIVER TESTS WITH
TYPE 732·A DISTORTION

AND NOISE METER

FIGURE 1. Panel view of the TypE 732·A Distortion and Noise Meter

Page

PORTABLE STAGE
LIGHTING CONTROL 4.

Ako
IN THIS ISSUE

-

VOLUME XIII NO.2

• In the selection of instruments for radio receiver testing, the distortion
and noise meter is sometimes overlooked, probably because it was
originally designed for use in broadcasting stations, yet this instrumen t

These receiver character
istics can be measured
quickly and accurately
with the TYPE 732-A Di 
tortion and oise Meter.
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is one of the most convenient and rapid
means available for making many of the
standar I IRE tests on receivers.

lthough the normal input to the dis
tortion and noise meter is a modulated
r-f wave, an alternate input circuit i
provided for measuring audio-frequency
systems, as is shown in the schematic
diagram of Figure 2.

The operation of the instrument i evi
dent from this diagram. If we disregard
the r-f input circuit, the es ential ele
ments are a 400-cycle high-pass filter, a
calibrated atLenuator, a high-gain am
plifier, and a direct-reading vacuum-tube
voltmeter.

The amplifier has a flat frequency

characteristic which makes it possible to
measure the frequency characteristics
of receivers, and the high gain of the am
plifier permils the use of the instrument
as a sensitive vacuum-tube voltmeter.

All measurements of distortion and
noise require only a simple caljbration
adjustment which is determined by the
nature of the te t being made, after
which reading are taken directly from
the meter scale. For most of the te ts
specified at the begimling of this article,
the distortion and noise meter is direct
reading in the quantities specified on
manufacturers' test sheets.

DISTORTION-NOiSE-HUM

For the tests listed on page 1, the audio
input jacks of the distortion and noise

LOW-PASS

FILTER

400
HIGH PASS

FILTER

AMPLlFIE.R

F,GURE ~. Functional Schematic Diagram of the Distortion and Toise Meter
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FIDELITY

ECONOMY

watt. With a 3·ohm voice coil resistance,
the AVC measurement must be taken at
an output level below the overload point
of 1.73 volts. If the volume control is set
to give this voltage for the high value of
carrier input, the voltage at the other

1.73
extreme is 20 or 0.086 volts across

the voice coil resistance. Therefore,
accurate low-level voltage readings as
provided by this meter are necessary.

The response characteristic is flat over
the audio-test range, and, consequently,
the instrument can be used for fidelity
measurements. The results are read di
rectly in decibels from the attenuator
dial and meter':scale, avoiding db calcu
lations from voltage readings.

meter are connected across the loud
speaker voice coil or across a dummy
load which replaces the voice coil. The
receiver is excited by a standard-signal
generator modulated at 400 cycles. Per
centage distortion under various oper
ating condition is read directly from the
meter.

The high sensitivity of this instru
ment as a voltmeter is extremely useful
in hum and noise measurements. For in
stance, the hum across the voice coil re
sistance may be as low as 2 or 3 milli
volts. To measure this, the calibration
adjustment is made at a convenient
value such as one volt. Hum is then read
in decibels below one volt and can easily
be converted to a voltage ratio. The fre
quency of the calibrating voltage is
usually 400 cycles, since most standard
signal generators have 400-cycle modu
lation. The amplifier in the distortion
and noise meter, however, is sufficiently
flat to permit the use of other audio fre
quencies. In keeping with the trend towards

lower manufacturing costs and precise
AVC CHARACT ER1ST I C production measurements, measuring

The wide range of voltage measure- equipment, capable of increasing ac
ment i al 0 an advantage in AVC meas- curacy and lowering te ting time, is re
urements. A typical inexpensive re- quired. The TYPE 732-A Distortion and
ceiver may have an AVC ratio of 20 : 1 oise Meter offers a means for achieving
for an input range of 1000 : 1, and it may this manufacturing objective.
overload at voice coil inputs above one - L. E. PACKARD

This article is based in part upon data supplied by Messrs. L. J. Ilartley and C. R. Mincr of
the Radio Heceiver Engineering Department, General Electric Company. Tbeir assistance is
gratcfully acknowledged.

TYPE 759·P8 CONNECTOR
We have received a number of re

que ts for plugs which will fit the micro
phone mounting of the TYPE 759-A
Sound-Level Meter. These are useful in
connecting vibration pickups and other
accessories, and also for connection to
electrical circuits, such as telephone
lines, for the measurement of cil"cuit
noise level.

This plug is now available from stock
and is known as TYPE 759-P8 Connector.

SPECIFICATIONS
Dim ens ion s: (Length) ] Y2 inches; (diam
eter) % incb.

Net Wei gh t: 1Y2 ou nce~.

T.ype Price

759-P8 $1.00
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PORTABLE STAGE-LIGHTING CONTROL
by

RICHARD B. LEWIS AND

LEROY T. HERNDON, JR.

(Glendale, California, Junior College)

• GLENDALE JUNIOR COLLEGE
dramatic productions are presented in a
classroom theater and also in larger
school theaters apart from the Junior
College buildings. Usually the outside
engagements provide for no stage-light
ing control. To meet the need for com
plete, flexible stage-lighting control at
low cost, a set of four portable dimmer
boards have been the solution, both for
production within the school and when
"on tour." Built in small units to reduce
weight and for greater portability, these
boards were comparatively low in cost.
Each unit measures, in outside dimen
sions, 12 x 12 x 18 inches, and weighs
under 50 pounds.

Three control units have been built
using as dimmers two 850-watt TYPE
200-CU Variacs each. The other unit
uses one 2000-watt TYPE 100-K Variac.
These auto-transformer dimmers pro
vide complete light control from full-up
to black-out on any size load up to the
capacity of the dimmer.

To insure noiseless operation, 25-

FIGURE 1. Panel and rear interior views of the
two lighting control units. The unit shown in the
upper two photographs uses two TYPE 200-CU
Variacs; that shown in the lower two photo
graphs nses a single TYPE lOO-K. A panel lay
out of the first unit is shown on page 6.

Protecting doors, which can be seen at the
right of the rear views, are used at the back of
each unit. Both panels are portable, and carry
ing handles can be seen at the ends of the

cabinets.
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ampere mercury switches, in specially
designed mountings, have been used
throughout. Each unit has a master
switch and three switches for individual
circuits. At the top of each board one
switch controls two receptacles not on
dimmers. Each 850-watt dimmer is in
circuit with two receptacles, controlled
by one s" itch. The 2000-watt dimmer
has five receptacles on two switches.

The interior is completely acces ible
through a steel door which forms the
rear of each unit. A sheet steel angle in
the left in ide rear corner provides a sep
arate compartment and serves as the
mounting for the fuse receptacles
(metal- ign sockets).

An important feature of these units
that has proved very useful is the pos
sibility for proportional control of light
ing units by using the output from the
2000-watt board to feed a board con
taining two 850-watt dimmers.

Before constructing these unit, an ex
perimental board was assembled using
two 850-watt Variacs and one 2000-watt
Variac. Those were mounted in an old
standard steel junction box with tumbler
switche , standard outlets, a four -cir
cuit fuse box, and a 30-ampere out ide

FIGURE 2. Stage-lighting control unit and
panel installation in Glendale Junior College

classroom theater.

FIG !.JRE 3. Thi.i ex ?Ci-:JTIcn...._1 00..::" u i~.J on~

TYPE JOO-K and two TYPE 200-C Variacs.
The total cost o[ parts for this assembly, IJ1

addition to the Variacs, was only 5.
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<ID

VARIAC

VARIAC

I

,POWeR //yPC/T
fi'£CEPTACLE

(J[)

/
MERCURY
.sWITCHeS

./'lLor) /'blAR/zEO
LI6HT ReCEPTACLES

FIGURE 4. A panel layout of the two-ilimmer unit. The Variacs are TYPE 200·CU, each rated at
850 watts. The lower switch is a master for the entire board. The output of each Variac is cou
trolled by a switch and has two outlets. The top switch connects the two outlets at the top of the
hoard directly to the a·c line. The power input receptacle is a 3-wire "Twist-Lock" type, providing
a grouud circuit for the board. The pilot light (lower right) glows when current enters the hoard.

switch for a master. Costing a little over
five dollars for parts in addition to the
dimmers, this unit proved the usefulness
of such a board, and the low cost indi
cates how basic lighting control can be

These boards were designed by L. T.
Herndon, Jr., and R. B. Lewis, instruc
tors in Glendale (California) Junior
College, and L. R. Salisbury, '38, with
the advice of Robert T. Philp, Superin
tendent of Buildings, and John W.

within the reach of producing groups
with limited budgets.

The accompanying illustrations show
the experimental board and the new
units.

Munn, Head Electrician, Glendale City
schools. The mercury switches, polar
ized output receptacles, and "Twist
Lock" input receptacles are of standard
design and can be obtained from a
number of manufacturers.
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SHIE l DED CON NECTOR S FOR A-C MEA SUR EMEN TS
• AS M 0 RE precise electrical meas
urement are attempted, previously neg
ligible errors become more important,
making it necessary to refine methods
and apparatus if correct results are to be
obtained.

Capacitive pickup is a well recognized
source of errors in measuring circuits,
especially in audio- and radio-frequency
bridges. These errors result from volt
ages ind uced in the leads and apparatus
by electrostatic fields. Shielding of
equipment and leads is an effective
means of minimizing such pickups. Con
centric cables, with the outer con
ductor kept at grolmd potential, serve as
excellent shieldedleads. Formost work, no
particular precautions need be taken to
shield the ends and standard General
Radio TYPE 274 Plugs and Jacks may
be used. One such convenient lead as
sembly is the TYPE 274- C.*

For highly precise work more effective
shielding is necessary. The TYPE 274- E

hielded Plug and Cable provide this
shielding. It differs from the TYPE
274<- C in having both ends capped with

"See Catalog J. page 159.

metal castings which are connected to
the outside conductor of the concentric
cable and which shield the terminals.

In addition to baving shielded caps,
the new TYPE 274- E Shielded Plug and
Cable employs a higher grade of insula
tion than has been previously used. At
1000 cycles, the capacitance of the three
feet of cable which is used is about 150
J1.J1.f and the power factor is only 0.016.
The doc insulation re istance of the cable
itself is about 500,000 megohms when
measured at 90 volts.

The TYPE 274- D Shielded Plug As
sembly, which is used as the terminals
for the TYPE 274-NE, has a piece of low
loss yellow bakelite as its insulating ma
terial. Therefore, the d-c re istance of the
plug alone is greater than 1,000,000
megohms and its power factor is but
0.01 at 1000 cycles. The capacitance
of the plug alone is about 3 J1.J1.f.

Both the TYPE 274. E Shielded Plug
and Cable and the TYPE 274- D
Shielded Plug Assembly are now stocked
for immediate hipment.

- ~1ATlTlr A. GIL)IA.

Type
274- D
274- E

Description
Shielded Plug Assembly
Shielded Plug and Cable

Code Word
TAPLUGDOG

ST \PLUGEYE

Price
1.50
4.00

FIGURE 1. Photograph of the shielded plug and cable. TYPE 27·t- E Shieldcd Plug and Cable
consists of the two shielded terminals, as shown, connected by three feet of shieldcd cable. TYPE

274- D Shielded Plug Assembly is one double terminal plug with shield. In thc photograph the
method of construction is shown by the disassembled terminal at thc right.



I. R. E. CONVENTION
• THE TWENTY-SIXTH ANNUAL
CON vENT ION of the Institute of
Radio Engineers was held at the Hotel
Pennsylvania in New York on the six
teenth, seventeenth, and eighteenth of
June.

The attendance figures materially ex
ceeded any previously reached and the
general atmosphere indicated that there
is no mental depression among radio
engineers.

An unusually rich program of papers
covered a very wide range of subjects,
including the considerable attention to
television developments which has fea
tured all recent technical programs.

There were two General Radio con
tributors to the technical program
Mr. L. B. Arguimbau, who delivered a
paper on the "Application of Quartz

Crystals to a Wave Analyzer," which
dealt with his development work on the
crystal filter used in the General Radio
Wave Analyzer, and Dr. W. . Tuttle,
who gave a resume of "Bridged-T and
Parallel-T Null Circuits for Measure
ments at Radio Frequencies."

The display of technical apparatus
and parts which has featured these meet
ings in recent years was unusually at·
tractive. A good many displays of parts
and component materials illustrated the
continued progress in refinement of de
tails. The General Radio Company
showed a large number of instruments,
including several new developments
which will be placed on the market dur
ing the late summer and early fall. De
scriptions of these will appear in forth·
coming issues of the Experimenter.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1800 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA



FIGURE 1. Panel view of the TYPE 726-A
Vacuum-Tube Voltmeter, showing the

probe in whicb the diode is housed.

THE TYPE 726·A VACUUM·TUBE
VOLTMETER AS A RADIO·

FREQUENCY AMMETER
Atr~

IN THIS ISSUE
Page

TYPE 739 LOGARITH-
MIC CONDENSERS 4

lA t Jow fceQuen('ie8~ the input con·
ductance oC the TYPE 726-A Vacuum
Tube Voltmeter is approximately 0.16
pmho. At high frequencies the input ad
mittance is approximately equal to that
of a 6.0 p.p.f condenser having a 2.5 %
power factor. Foe an excellent discussion
of the input conductance of a diode rec
tifier at Jow frequencies. ECC C. B. Aiken,
uTht"ory of the Diode Voltmeter," Proc.
I.R.E.• Vol. 26, No.7, p. 859, July, 1938.

VOLUME XIII NOS.3and4 AUGUST-SEPTEMBER, 1938

eAS A VOLTAGE-MEASURING
DE VICE for use in parallel-resonance
methods of admittance measurement the
vacuum-tube voltmeter has been widely

adopted. In this service, because of the low input losses for a given
voltage reading!, the shunting effect of the voltmeter on a high-Q
tuned circuit is generally small and high precision in the measurement
of small conductances may be attained.

For series-resonance methods of impedance measurement, in which
one point of the circuit is grounded, the vacuum-tube voltmeter may
be used as a current-measuring device. In this service the voltage drop
across a known impedance
is used as a measure of the
current.

The feature of low input
10 es is as important in
the series-re onance meth
ods as in the parallel-reso
nance method , since it is
necessary to maintain
high-Q tuned circuits for
precise measurements of
small resistances. It is there
fore essential to use, as the

.....
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<
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known impedance, a circuit element
which has as nearly pure a reactance
as can be obtained.

TYPE 505 Condensers make excellent
shunts for use with the TYPE 726-A
Vacuum-Tube Voltmeter. For any given
capacitance, and at anyone frequency,
the lower limit of current which can be
measured is fixed by the lowest voltage
which can be read. The higher limit of
current is fixed either by the highest
voltage which can be read or by the
maximum voltage which the condenser
will stand at the particular frequency
used. The curves of Figure 3 illustrate,
as a function of frequency, the maximum
current which can be measured by the
TYPE 726-A Vacuum-Tube Voltmeter
with four standard TYPE 505 Con
densers as shunts. Below 4 Me the max
imum current which can be measured
is seen to be limited by the 150 volt
maximum reading of the voltmeter.
Above 4 Me the maximum current is

FIGURE 3. Plot of maximum current, as a
function of frequency, which can be read with
the TYPE 726-A Vacuum-Tube Voltmeter and
four different TYPE 505 Condenser shunts. The
lines with positive slope correspond to a 150
volt reading of the voltmeter. The line with
negative slope corresponds to 1 watt 10 in the

condensers.

FIGURE 2. TYPE 505 Condenser has plug-in
terminals as shown herc. In a measuring circuit
equipped with jacks, condensers can be easily
changed, or stacked in parallel. The voltmeter
probe plugs into the jack tops of the condenser

terminals.

limited by losses in the condensers a
shown.

When the TYPE 726-A Vacuum-Tube
Voltmeter is used as an ammeter, the
effective series resistance component of
the input impedance is the pertinent
loss representation. Figure 4 illustrates,
as a function of frequency, the effective
series resistance ofa TYPE 726-AVacuum
Tube Voltmeter when shunted with
four typical TYPE 505 Condensers. By
comparison with other types of radio
frequency ammeters, the extremely low
losses introduced by the shunted TYPE
726-A Voltmeter a.re to be emphasized.
Using the 1.5 volt range, with a 500 Jl.JI.f

shunt, at a frequency of 1 Mc, the
effective series resistance is 0.16n and
the full-scale current reading is 4.8 mao
The radio.frequency power taken from
the circuit is therefore 3.6 microwatts.
A well-designed thermocouple for the
same current range ordinarily requires
a power input of the order of 6 milli
watts for a generated doc voltage of
10 millivolts open-circuit and conse
quently bas an effective series resistance
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100.1

FIGURE 4. Plot of effective series resistance of
TYPE' 726-A Vacuum-Tube Voltmeter when
used as an ammeter with four different TYPE

505 Condenser shunts.
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pure waveform, such as are encountered
in resonant circuits.

Because of the unbalanced input
circuit of the voltmeter, the shunted
combination should only be used when
one side can be grounded. Otherwise
the high capacitance of the low side of
the voltmeter circuit to ground will
shunt that part of the circuit under
test which lies between that point and
ground.

In series-resonance circuits, capaci
tances to ground are usually the most
troublesome residual parameters en
countered. When it is necessary to
measure absolute values of current with
the shunted voltmeter, the magnitude
of any shunting residual capacitance
should be determined and included in
the total effective capacitance. Two
positions in which the shunted volt
meter may be used with series-reso
nance circuits are shown in Figure 5.

For applications in which a flat fre
quency response is required, the TYPE
726-A Vacuum-Tube Voltmeter can be

of approximately 260 n. The advantage
to be gained through the use of the
voltmeter with high-Q circuits is tre
mendous at low current levels.

In resonance methods of measurement
the absolute value of current is gener
ally not needed for calculations since
the equations are expressed in terms
of current and voltage ratios. When the
voltmeter is used in such circuits it is
therefore unnecessary to know the varia
tion of effective capacitance of the
shunts with frequency in anything
except a general way.

When it is necessary to measure the
absolute value of the current, the varia
tion of effective capacitance with fre
quency must be known. This can be
easily computed for any TYPE 505
Condenser by means of the equation

Cc=---
• 1 - w2LC

where C. is the effective capacitance,
C the static capacitance, and L the
inductance. For TYPE 505 Condensers
mounted in small cases, the inductance
is approximately 0.055 j.Lh and, in large
cases, 0.085 j.Lh.2

Certain limitations and precautions
should be noted in connection with
the use of the condenser-shunted vac
uum-tube voltmeter as an ammeter.

The TYPE 726-A Vacuum-Tube Volt
meter, while calibrated in r-m-s volts,
actually responds to peak values. If
used to measure distorted current waves,
with a condenser shunt, the relation
between various harmonic components
will be destroyed because of the fre
quency dependence of the input im
pedance. The meter-scale reading when
multiplied by y!2 will not, in this case,
give correct results for peak values and
the instrument should therefore be
used to measure only currents of nearly

2Curvca of power factor and capacitance rise for typical
TYPE 505 Condensers are given In the General Radio Ex
perimenter, Vol. 12, No. 11. p. 4, April. 1938.

FREQUENCY IN Me.
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"'-..v
TYPE 505

CONDENSER

TYPE 505 /
CONDENSER ~

TYPE 726-A
VACUUM TUBE
VOLTMETER

FIGURE 5. Two ways in which the shunted TYPE 726-A Vacuum-Tube Voltmeter can be con
nected in series-resonant circuits. The residual capacitances shown as liC in the two cases shunt

the voltmeter combination and must be mcluded in the effective capacitance.

used with TYPE 500 Resistors for shunts.
The power required for full-scale de
flection on the low range is considerably
greater than that required with TYPE
505 Condensers. For a full-scale deflec
tion on the 1.5-volt scale with a current
of 4.8 ma, a resistance of 313n is re
quired. The resistance and, conse
quently, driving power are in this case
practically the same as those encoun
tered with a thermocouple. At lower
currents less power is required with the

resistance-shunted vacuum-tube volt
meter than with a thermocouple, while
at higher currents the reverse is true.

Both TYPE 505 Condensers and TYPE
500 Resistors are equipped with ter
minals which permit stacking up of units
in parallel. The TYPE 726-A Vacuum
Tube Voltmeter probe can, therefore, be
plugged into the shunt and TYPE 274
Plugs in the shunt used a the composite
probe terminals.

- D. B. 51 CLAIR

TYPE 739 LOGARITHMIC CONDENSERS
• ELECTRICAL MEASUREMENTS
into which frequency enters as a vari
able ordinarily require that the fre
quency be known to the same fractional
accuracy throughout the range of the

oscillator. Older oscillator designs have
not met this requirement merely because
the necessary means were not available.
With the advent of direct-reading instru
ments, the need has become, not more
urgent, but more apparent.

In order to give a constant fractional
accuracy, the variable air condenser,
which is the frequency-controlling ele
ment in most oscillators, must have
plates shaped to give a logarithmic
variation in frequency with angular
dial rotation. TYPE 739 Logarithmic
Air Condenser fulfills thi requirement.

Since oscillators are usually of the
beat-frequency type or of the "tuned

FIGURE 1. This dial is used with TYPE 739-A
Logarithmic Condenser in the TYPE 7l3-B
Beat-Frequency Oscillator.. The scale is log-

arithmic beLween 20 and 20,000 cycles.
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circuit" type, two logarithmic condenser
designs have been made available, one
to meet the particular requirements of
each type of oscillator. The TYPE 739-A
Logarithmic Condenser, when asso
ciated with the proper circuit constants
in a beat-frequency oscillator, will cover
three frequency decades logarithmically,
20 to 20,000 cycles, for example. The
TYPE 739-B Logarithmic Condenser
will provide a constant accuracy cali
bration in the tuned circuit type of
oscillator over a half decade, 1 Me to
3.16 Me, for example.

Mechanically, TYPE 739 Condensers
are constructed to have a high degree
of stability. The cast-aluminum frame
and the ball-bearing type of assembly
found indispensable in the design of
the TYPE 722 Precision Condensers was
adopted for the TYPE 739 Logarithmic
Condensers. Contact rings provide a
low impedance path for grounding the
rotor to the frame. Isolantite insulators
provide a four-point support for e1..'tra
stability in alignment of stator stack.

The different applications of the two
logarithmic condensers require widely
different plate shapes. TIllS will be
evident when it is realized that a given
angular rotation of the TYPE 739-B
Condenser at one end of the scale pro
duces ten times as much capacitance
change a it does at the other end,
whereas, in the TYPE 739- Condenser,
the ratio of maximum to minimum ca·
pacitance increment is 1400.

FIGURE 2. In TYPE 605-B Standard-Signal
Generator and TYPE 484-A Modulated Oseil
lator, this dial is used with TYPE 739-B Log
arithmic Condenser. Each scale covers a fre
guency ratio of VIO, so that each pair of scales
tA and B, C and D, etc.) give a spread of
10 : 1. A scale selector switch (not shown) is
used to select the inductance for each range.
One properlY of the logarithmic scale is that
equal angles of rotation correspol~d lo equal
fractional (or perceutage) frequency Lncren~ents.

This permits the use of the percent~ge ill?re
menl dial shown on the slow-motIOn drive.

To obtain the 1400 to 1 ratio of incre
mental capacitance, the TYPE 739-A
Logarithmic Condenser, essentially, is
built up of two variable condenser sec
tions on the same shaft. The larger
section does not introduce any capaci
tance change over an appreciable por
tion of the range of the condenser.
It functions at the medium and high
capacitance range. The smaller section,
consisting of two rotors and two stators,
functions primarily over the low capac
itance portion of the range. The two
rotors of the smaller section are slotted
at an angle to provide many sectors for
individual adjustment at any portion
of the scale. Thus any irregularities in
the calibration are easily corrected, and
any possible discontinuity at the over
lap region of the two section is avoided.

The TYPE 739-A Logarithmic Con
denser provides the main frequency
control for the TYPE 7l3-B Beat
Frequency Oscillatorl . The frequency
range of this instrument is 0 to 40 kc,
and the frequency calibration is loga
rithmic from 20 to 20,000 cycles. A
photo-etched dial is used, and the con
denser is adjusted to meet the direct-

lSee General Radio Ex:perimenter, April, 1938.
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reading calibration on the dial. A
recorder, using logarithmic or semi
logarithmic paper can be geared directly
to the oscillator dial for rapid and
highly accurate testing.

When the TYPE 739-A Logarithmic
Condenser is the tuning element of a
beat-frequency oscillator, the frequency
of the fixed oscillator must be 9.3 times
the required maximum beat frequency.
Thus, in the TYPE 7l3-B Oscillator, the
fixed frequency is 186,000 cycles and
the variable oscillator frequency is
changed from 186,000 cycles for zero
beat to 166,000 cycles for the 20,000
cycle setting. The logarithmic condenser
must be padded with enough capaci
tance to obtain a ratio of 1.256 belween
the net maximum and minimum capac
i tance in the variable oscillator circuit.
Since the capacitance change in the
TYPE 739-A Condenser is about 440 J..lJ..lf,

the net padding capacitance must there
fore be about 1720 J..lJ..lf, irrespective of
the value of fixed frequency and of the
frequency range. The 1720 J..lJ..lf includes
the zero capacitance of the condenser,
the distributed capacitance of the coil,
wiring capacitance, and, of course, the
fixed padding capacitance. The total
frequency range is covered in an angular
rotation of 250° and the logarithmic
portion, three decades, is covered in
240°.

Since the ratio of maximum to min
imum incremental capacitance in the
TYPE 739-B Logarithmic Condenser is
appreciably less than in the other model,
the design is somewhat simpler. The log
arithmic frequency characteristic is ob
tained with a single plate shape and no
adjusting mechanism is necessary.

Here again, the logarithmic feature
not only provides the highly desirable
constant fractional accuracy for the cal
ibration of a tuned-circuit oscillator but
also simplifies a direct-reading design
and permits the use of pre-engraved or
photo-etched dials. The condenser covers
a half decade in frequency. Therefore, if
the dial is calibrated for the two half
decades, the same calibration will apply
over a very wide frequency range simply
by switching the tuning coils. This is well
illustrated in the TYPE 605-B Standard
Signal Generator2 and in the TYPE
684-A Modulated Oscillator3• Both of
these instruments make use of the TYPE
739-B Logarithmic Condenser and both
cover a frequency range of from 9.5 to
30,000 kilocycles with direct-reading log
arithmic calibration. The accompanying
figure shows the dial calibration for these
instruments. One calibration is for the
9.5 to 30 half decade and the other cali
bration is for the 30 to 95 half decade.
Both instruments have further taken ad
vantage of the logarithmic feature of the

2See General Radio Experimenter, June. 1936.
aSee General Radio Experimenler. ovember,1937.

FIGURE 3. (Left) TYPE 739-A Logarithmic Condenser; (right) TYPE 739-B.
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FIG. 4. Mounting dimensions for TYPE 739 Condensers. (Left) TYPE 739-A; (right) TYPE 739-B.

TYPE 739-B Logarithmic Condenser in
providing a fine control calibrated in
frequency increments of 0.1% per di
vision which facilitates the type of
measurement where percentage fre
quency change is more important than
the absolute value of the frequency.

When the TYPE 739-B Logarithmic
Condenser is the tuning control of a
tuned-circuit oscillator, the total capaci
tance at the low-frequency end of the
scale must be ten times as great as the
total capacitance that obtains at a fre
quency higher by a factor of y'10. The
actual values are about 1400 p,p,f and
140 p,p,f and must include the zero ca
pacitance of the condenser, the distrib
uted capacitance of the tuning coil, and
capacitance due to wiring and trimmers.
In the TYPE 605-A Standard-Signal

Generator and in the TYPE 684-A Mod
ulated Oscillator, a rather simple pro
cedure is followed to adjust the circuit
constants. For each coil setting, an in
dividual trimmer condenser i provided
and the inductance of each coil is de
termined by an iron dust core. With the
condenser dial set at the low-frequency
end, each inductor is adjusted to match
the frequency on the dial. Then, with the
dial set at the high-frequency end, the
correct frequency is obtained by means
of the trimmer condenser across the coil.

The angular rotation of the TYPE
739-B Logarithmic Condenser for a fre
quency range of y'10 : 1 is 1650 and it is
logarithmic to within 1% for 1500 of
tlus range. The net angular rotation is
1800 to allow for overlap between coils.

- A. G. Bo SQUET

SPECIFICATIONS

Capacitance Range: The nominal capacitance
ranges are given in the price list.
Plate Shape and Frequency Characteristics:
The TYPE 739-A is to be u ed as the tuning
condenser of the variable oscillator of a beat
frequency oscillator. Slotted plates are provided
on the TYPE 739-A with adjusting screws. \,(,hen
these plates and the effective zero capacitance
are correctly adjusted, the variation offrequency
with dial setting will be logarithmic within 2%.

The TYPE 739-B is for use in a tuned-circuit
radio-frequency oscillator. It has no adjustable

plates, but, by proper adjustmcnt of the pad
ding condenser and circuit inductance, the vari
ation in frequency with dial setting, over 150°,
can be made logarithmic within 1 '{;.
Maximum Voltage: 500 volts, peak.
Losses: The figure of merit, RwC', is approxi
mately 0.04 x 10-1••

Te r min a Is: Soldering lugs are provided.
M0 u ntin g : See sketch above.
Dim ens ion s : See sketch above.
Net Wei gh t : 33i pounds.

'ominal Capacitance
Type

739-A
739-8

Maximum Minimum Code Word

COUPE
COlLY

Price

$28.00
28.00
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MISCELLANY

elNSTRUMENTATION CONTEST.
II ave you read of the prize contest being
conducted by the Industrial Instrument
Section, Scientific Apparatu akers of
America, 20 orth Wacker Dri e, Chi
cago, Illinois?

500 in prizes are being offered, and
the Chairman of the Jury of ,arc1s i
Dr. Briggs of the Bureau of Standards.
Rule 2 ofthe contest reads:

"THEME. Each contestant is to
write about an unusual application
of a standard instrument or control
device, telling briefly what condi
tions or need impelled the appli
cation. By instrument or control
device is meant any device used
for measurement and control or
any accessory used with a device
for measurement and control."

If you are interested, it is suggested
that you write directly to the Scientific

pparatu fakers of America at the ad
dres given above for details. There i no
entry fee or restriction ba ed on pur
chasing any particular instrument.

eJOINING US LATE LAST
SPRI N G, the newest member of our
engineering staff i Dr. Stephen A.
Buckingham. fter graduating from
Harvard mver ity eleven years ago,
Dr. Buckingham joined the Radio ec
tion of the U. S. Bureau of Standards,
where he remained for two years, return
ing to Harvard niversity to take up
graduate work, and later serving as an
instructor in Physics. He received his de
gree of Ph.D. in 1934. In the subsequent
four years he has served as physicist and
as engineer with the S. D. Warren Com
pany and the Western Electric Com
pany. Dr. Buckingham is specializing in
the design of Variacs, as well as our gen
eralline of transformers and filters.

e ASAM EA N S of inducing hyp
nosis, the Strobotac, we feel, has been
overlooked by psychologists, for, unless
our eyes deceive us, it i a Strobotac by
which Ginger Rogers is hypnotized in
the current RKO production "Carefree."
To possessor of Strobotacs, this hould
open up an intere ting field of experi
ment.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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A HIGH·FREQUENCY MODEL
OF THE PRECISION

CONDENSER

FIGURE 1. Interior view of the TypE 722 oN Condenser
showing the method of feeding the rotor. For a cJo CoUp

. view of the brush mechanism, see page 6.
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IMPROVEMENTS IN THE

TYPE 568 CON-

DENSER . .. .10
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THE PRECISION FORK

IN CONTINUOUS

OPERATION. • • . 7

• FOR MAN Y YEA RS General Radio
Precision Condensers have heen used as
basic equipment in laboratories all over the
world. The ruggedne s, stability and accu
racy of these conden ers have rendered
them of fundamental use in all kinds of
measurement work where dependable, con·

tinuously-adjustable capacitance standards are required.
The principal features which have led to the wide pread adoption

of General Radio Precision Condensers are the excellence of the mechan
ical construction, the precision of capacitance setting, and the low and
known electrical losses at audio and low radio frequencies.

In recent years, intere t in measurements at high radio frequencies
has led to the use of the e condensers at frequencies in excess of those
for which they were
designed. nder these
conditions electrical
errors arise because of
the presence of un
wanted residual pa
rameters. Unfortu
nately the high avail
able precision of ca·
pacitance setting in
many cases tends to
create a feeling of false
security and the 10 s
of accuracy in the con·
den er is not recog
nized.
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remains constant, the conductance, G,
increases nearly linearly with frequency
and, at high frequencies where it is
significant, the resistance, R, increases
approximately as the square root of the
frequency.

EFFECTS OF
RESIDUAL PARAMETERS

The residual inductance, L, intro
duces a component of positive reactance
in series with the condenser, which
causes the net negative reactance at the
terminals to be lower than it should be.
The effect of the inductance is therefore
to increase the terminal capacitance by
a fractional amount which increases as
the capacitive reactance decreases and
as the inductive reactance increases.
The error consequently increases both
with frequency and with dial setting.
The effective terminal capacitance fol
lows the law

:FIGURE 2.
In this circuit the resistance, R, corresponds to
losses in the metallic portions of the condenser;
the conductance, G, corresp:mds to losses in the
solid dielectric portions of the condenser; and
the inductance, L, corresponds to magnetic flux
set np by conduction currents in the metal por
tions of the condenser. The capacitance, C, rep
resents the static capacitance of the condenser.

The addition to the Precision Con
denser line of a new high-frequency
model, the TYPE 722-N, extends the
advantages of highly precise mechan
ical construction to a condenser whose
performance can be accurately pre
dicted at frequencies up to 30 Mc.

C
Ce ""---

1 - w2LC
(1)

RESIDUAL PARAMETERS

The residual electrical parameters
which occur in variable air condensers
and which cause the behavior to change
as a function of frequency are: (1) re
sistance components corresponding to
losses in the metal and solid dielectric
portions of the condenser, and (2)
inductance caused by the magnetic field
set up by conduction currents in the
metal structure.

An equivalent circuit which may be
used to represent a variable air con
denser is shown in Figure 2*.

As a function of dial setting the resid
ual parameters designated by R, G, and
L all tend to remain constant. As a func
tion of frequency the inductance, L,

*R. F. Field and D. B. Sinclair~UA Method Cor Determining
the Residual Inductance and Resistance of a Variable Air
Condenser at Radio Frequencics/' Proc. I. R. E., 24, 2,
February, 1936.

The conductance, G, causes a dissi.
pative component in the terminal im
pedance.

Since the conductance, G, increases
linearly with frequency, the correspond
ing component of dissipation factor

G
Da =-

wC
IS constant as a function of frequency
at any given capacitance setting.

The resistance, R, adds a further dis
sipative component of terminal im
pedance.

The corresponding dissipation factor
component

DR = RwC
is ordinarily negligible up to frequencies
at which skin-effect in the metal parts
is essentially complete. At higber fre·
quencies the resistance, R, increases as
the square root of the frequency and
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ERRORS IN MEASUREMENTS
CAUSED BY RESIDUAL

PARAMETERS

and the over-all dissipation factor is
approximately

G
D = DG + DR = wC + RwC (4)

the dissipation factor component in
creases as the three-halves power of the
frequency.

A precision condenser is used normally
under such conditions that the dissipa
tion factor components, DG and DR,
and the inductive error are small. The
expressions for the effective terminal
impedance and admittance of the con
denser under these conditions are

. 1
Ze = Rc - J-

Cw e

The errors caused by residual param
eters in measurements using a variable
air condenser as standard depend upon
the frequency and upon the method of
measurement. At high frequencies, in
particular, it has been found that sub
stitution methods of measurement tend
to give results of maximum accuracy.
In this discussion the parallel-substitu
tion method will be the only method
considered.

In parallel substitution methods the
susceptance of a given circuit branch
containing the standard condenser is set
at some particular value corresponding
to a desirable capacitance setting. The
unknown admittance is then connected
in parallel with the standard condenser
and the susceptance restored to its

initial value by readjusting the con
denser. The susceptive component of
the unknown is found directly from the
change in susceptance of the condenser.
The conductive component of the un
known is found from the change in total
conductance of the arm when the lill

known admittance is in and out of
circuit.

Measurement errors can arise from
three sources if the residual parameters
of the condenser are neglected:

(1) The change in susceptance of the
standard condenser between the initial
and final condenser readings is not equal
to w(C2 - C1) but is influenced by the
residual inductance and is equal to

w(C2 - C1)

*D. B. Sinclair, uParalleJ Resonance Methods for Precise
Measurements of High Impedances at Radio Frequencies."
Proc. T. R. E., December, 1938.

w(Ce2 - CeJ = 1 _ w2L(C
1
+ C2) (5)

(2) The conductance of the standard
condenser does not remain constant but
changes between the initial and final
settings by an amount

G2 - G1 = Rw2Cc(Cel + Ce2 ) (6)
(3) If parallel-resonance methods,

such as the susceptance-variation
method,* are used to determine the dis
sipative component of the unknown,
the observed breadth of the resonance
curve is influenced by residual induc
tance. For the breadth of the resonance
curve used to determine conductance,
the true capacitance difference to be
used is

C" - C'
f::,.Ce = 1 _ w2L(C' + C") (7)

where C' and C" are the two readings on
either side of resonance.

The effect of residual parameters is
greatest in the measurement of small
values of power factor such as those of
good mica condensers. An example of

(2)

(3)

[
G] [1 - w

2
LC]

~ R + (wC)2 - j wC

Ye = Ge + jwCe

~ [G + R(WC)2] + j [1 _w~LC]
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and at the final setting

R(wC,,)2 = 19 Ilmho

AND REDUCTION
IN TYPE 722-N

CONDENSER

LOCATION
OF RESIDUALS

PRECISION

The change in condenser conductance is
therefore -583 Ilmho when the susceptance i
restored after connecting the unknown. The
conductance of the 1000 Ililf condenser corre
sponding to a power factor of 0.9% is 867 Ilmho.
The error in taking as the conductance of the
unknown the difference in conductance of the
circuit when the unknown is connected and dis
connected is therefore

2At high frequencies the currenllends to the path of least
inductance whif'h is around the platcs, ratber than through
them. The losses in the plates thereIore become an appre~

ciable part of the whole. The reason lhat the metallic re
sistance remains relatively constant with dial selling is
apparently found in the fact that the major loss occurs in
the immediate vicinity of the rotor shaft and stator rods
where the current density is high. In these regions the cur
rent distrihution i Dot so greatly affected by rotor position
3S elsewhere.

583
867 X 100 = 67.2%

Very large errors in both capacitance
and power-factor measurements are seen
to occur. Indeed, in many cases the error
caused by metallic resistance is so large
as to cause the observed value of power
factor to become negative.

The minimization of the residual in
ductance and metallic resistance is seen
to be a prime requisite in the design of a
high-frequency condenser.

The residual resistance arises in the
rotor shaft and stator rod washers, in the
washer-to-plate contacts. and in the
plates themselves. 2 The residual induc
tance arises principally from magnetic
flux set up by currents in the rotor shaft
and stator rod washers. This flu.x lies in
planes parallel to the plates. Currents in
the plates themselves set up relatively
little flux since they are diffused over
large areas.

APPROXIMATE CURRENT
DISTRIBUTION

CURRENT 01 STRIBUTION
IN SHAFT

x

c - C = 1532 Ililf
'1 - 1 - w2LC,

The final effective terminal capacitance must be
C" = 1532 - 1258 = 274 Ililf

and the final dial reading
C2 = 254 Ililf.

the large errors which may be encoun
tered under extreme conditions is as
follows:

1 - BOO - 254 X 100 = 32 8O;f
1258 . /0

The induetance of the 1000 Ililf section of a
TYPE 722-D Precision Condenser is approxi
mately 0.065 Ilh and the metallic resistance at a
frequency of 10 Mc is about 0.065 Q. Suppose
this condenser be used to measure the capaci
tance and power factor of a 1000 Ililf TYPE
505 Condenser at a frequency of 10 Mc.

The effective capacitance of the 1000 Ililf

TYPE 505 Condenser at 10 Mc is 1258 Ililf and
the power factor is 0.9o/c.\ Let the initial dial
reading of the standard condenser, C.. be
1100 Ililf. The initial effective terminal capaci
tance is

The error in taking the difference in dial
readings as the unknown capacitance, without
correction for inductance, is therefore

The component of condenser conductance
cau ed by metallic losses at the initial setting is

R(wC,y = 602 Ilmho

IThe effective capacitance is greater than the nominal
c..pacitance because of inductance. See uThe Behavior or
TYPE 505 Condensers at High Frequencies," General
Radio Experimenter, April. 1938.

r--------.!------i

I

FIGURE 3. Showing the distribution of cur
rent in a rotor shaft fed at the left-hand end.
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I
CURRENT

DISTRIBUTION

SHAFT
(0) (b) (c)

FIGURE 4. Current distribution when current is fed symmetrically to the shaft.

IS

ferred to the left-band end of the shaft,

FIGURE 5. Metallic resistance of Type 722-N
Precision Condenser as a function of frequency.
For purposes of comparison, the resistance of

TypE 722-D is also shown.

and the effective inductance Le = L13.
The effective resistance and induc

tance can be reduced by feeding current
symmetrically to the shaft. For instance,
if the current be fed at the center instead
of the end the current distribution is as

100'0
FREQUENCY IN Me

7

1/

•
~u...o. 1000 If.' SECTION

J

I
/ V

/ ~ 1Z2-N

./ /

V
vV'

V
I I----'

o
I

0.0

0.0

0.03

0.04

0.0

0.05

0.0

! L.I2 = !fl ~ i2 dx
2 2 0 I

1 L I2fl
= - - - (I - X)2 dx

2 I 12 0

= ~(f) 1
2

The total power loss, referred to the
left-hand end of the shaft, is

I2Re = f 1
i2!!:dx

o I

R I2fl. R
= - - (l- X)2 dx = [2-

I [2 0 3

and the effective resistance Re = R13.
Similarly the total energy storage, re-

To a very fair degree of approxima
tion the metallic resistance and residual
inductance of a variable air condenser
can be considered as uniformly distrib
uted along the rotor shaft and stator
rods. On this basis a simple analysis of
the effect of points of current entry into
the stack can be formulated.

Figure 3 illustrates a rotor shaft with
current fed in at the left-hand end. To
a first approximation the current de
creases linearly along the shaft length at
frequencies low compared to the first
natural frequency.

Suppose the resistance of the shaft to
uniform current is R and the inductance
L. The effective resistance and induc
tance for the non-uniform current are
easily found from energy considerations.

The current at any distance along the
shaft, i, is related to the current at the
left-hand end, I, by the expression

I-x
i= I--

I
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FIGURE 6. Variation in effective capacitance
of TYPE 722·N Condenser as a function of

static capacitance for various frequencies.

shown in Figure 4(a) and the effective
resistance is R. = R/12 and the effective
inductance L. = L/12.

Multiple current feed reduces the re
sidual parameters still further. Double
feed, as in Figure 4(b), gives R. = R/48
and L. = L/48; triple feed, as in Figure
4(c), gives R. = R/108 and L. = L/108.

FIGURE 7. Showing the leads and the method
of connection to the rotor.

6

The general expression for n points of
entry into the stack is R. = R/12 n2 and
L. = L/12 n2•

PRACTICAL APPLICATION OF
SYMMETRICAL FEED

TO CONDENSER

Change-over from the usual end-feed
system to a center-feed system lowers
both the metallic resistance and residual
inductance by a factor of 4. In practice,
it is seldom advantageous to go further
than this because the resistance and in
ductance of the leads to the binding posts
quickly become predominant.

In the TYPE 722-N Precision Con
denser center-feed has been adopted with
a consequent reduction of resistance and
inductance in the stack. In addition a
heavy strip connector is used to feed the
stator stack and a brass disc with a wide
brush contactor to feed the rotor. A de
tailed view of the construction is shown
in the accompanying photograph.

The metallic resistance and residual
inductance obtained with this construc
tion are lower by a factor of about 3 : 1
than those obtained with the high sec
tion of the TYPE 722-D Precision Con
denser. For a typical TYPE 722-N Pre
cision Condenser the variation of the
metallic resistance with frequency is
shown in Figure 5. The residual induc
tanceis constant and is equalto 0.024 ,uh.
The variation in effective terminal ca
pacitance caused by this inductance is il
lustrated in Figure 6.

Because an insulated rotor shaft is
used, no current flows in the ball bear
iugs which support the rotor shaft. This
construction prevents the variation of
metallic resistance which would other
wise arise in the erratic electrical con
tacts between the bearing surfaces.

-D. B. SINCLAIR
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Cap a c iI a nee Ran g e: 100 to 1100 Illlf, direct
reading.
R0lor P Ia I e Shap e: Semicircular to give a
linear capacitance characteristic.
SIand a rd· Ca lib r aIi 0n Ace u rae y : The capac
itance, measured at 1000 cycles, is indicated
directly in micromicrofarads by the dial and
drum readings to ±1 Ililf.

W0r m. Cor r eel ion Ca lib ra I ion: A worm cor
rection can be supplied on special order. (See
price list.) A mounted chart is supplied giving
the correction to at least one more figure than
the O'uaranteed accuracy stated below.

When this correction is used, the capacitance
can be determined within ±0.1 114 or ±0.1 %,
whichever is the greater, and capacitance dif·
ferences can be measured to an accuracy of
±0.2 Ililf or ±0.1%, whichever is the greater.
Die lee I ric Sup p0r I 5: Two bars of isolantite
support the stator assembly, and a third insu
lates the high termiual from the panel.

Die Ie clr i c L05 5e5: The figure of merit, RwC2,
when measured at 1000 cycles, is approximately
0.05 x 10-12•

oIher Re 5id ua I Par arne I e r 5: See Figures 5
and 6.

Ma xi mum V0It a ge: 1000 volts, peak.

Tern per a I u r e Co e If i c i e nI : Approximately
+0.002 % per degree Centigrade.

M0 un Ii ng: The condenser is mounted on an
aluminum panel finished in black crackle lac
quer and enclosed in a shielded walnut cabinet.
A wooden storage case with lock and carrying
handle is included.

Dim e n5ion 5: Panel, 8 x 9Ys inches; depth,
8Ys inches.

Nel Weighl: 11Ys pounds; 20~ pounds with
carrying case.

Type Description

722-N 1100 to 1100 Illlf, direct reading 1

Worm-Correction Calibration .
When ordering use compound code word, BOXER WORMY.

Code Word

BOXER
WOlU1Y

Price

$150.00
35.00

THE PRECISION FORK IN CONTINUOUS OPERATION
.THE TYPE 815·A PRECISION
FOR K announced in the May, 1936,
issue of the Experimenter has been widely
used as a secondary standard of fre
quency for standardization and meas
urement where a precision of one part in
ten thousand (0.01%) is adequate. A
considerable number have been used as
the timing elements in seismographic
surveying for oil deposits, as reliably
steady sources of alternating current for
the stroboscopic regulation of clocks and
watches, and as the synchronizing ele
ments in facsimile transmission, etc.
They aITord a simple means of providing
stabilized alternating current in the low
audible frequency range without the
elaborate equipment required to produce
these low-frequency currents from a
piezo.electric oscillator.

These forks are constructed of a special
stainless steel alloy which gives them a
much lower temperature coefficient of

frequency (less than ten parts per mil
lion negative per degree F.) than ordi
nary machine steel, so that frequently
they are used without temperature con
trol, and their design is such that the
voltage coefficient of the driving battery
(which for intermittent operation may
be simply three dry cells) is quite neg
ligible. They are readily portable and can
be made for any frequency between 40
and 200 cycles per second.

The fork is massive, accurately ma
chined, and mounted on rubber shock
absorbers. Two microphone buttons are
used, one for driving the fork, the other
to supply energy at the fork frequency
to an external circuit.

The author recently had occasion to
investigate how one of these forks would
behave on continuous operation under
admittedly ideal conditions.

In order to eliminate the small effect
of temperature fluctuations, a 50-cycle
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fork, taken from stock, was placed in a
temperature-control box which main
tained the temperature at 47.90 ±
0.15° C. at all times. The fork was driven
continuously by a 4-volt storage battery
so regulated that the driving emf never
fluctuated by more than 0.1 volt. The
fork was run continuously without any
disturbance, adjustment, or interruption
for over two months, and its amplified
output was used to drive a synchronous
clock of such design that any slip of
synchronism would have immediately
stopped the clock.

Daily readings were made of the fork
frequency by two methods: (1) The
clock readings were checked against
radio time signals from AA, from
which data the integrated frequency cor
responding to the average frequency over
the preceding twenty-four hour period
was computed. These time readings were
made to better than one-fifth second per
day, giving a possible error in the in
tegrated frequency values of the order of
one part in 500,000. (2) A value of what
we may call a sample frequency was ob
tained by a three-minute stroboscopic
comparison between the fork output and
1000-cycle current from our master

piezo-electric standard known to be ac
curate to one part in several million. The
technique of this measurement per
mitted this sample frequency to be de
termined within the same error of about
one part in 500,000. Thus, both the in
tegrated and sample frequency values
were known to ±O.OOOI cycle per second.

A portion of the data taken is gi ven in
the accompanying plot in which the
abscissae represent successive days of the
run and the ordinates indicate the ob-
erved frequency values. The solid line

connects the points corresponding to the
daily integrated values while the small
circles indicate the daily sample values.
In inspecting this plot, note that the
complete range of the ordinate scale rep
resents a variation of only plus or minus
one part in 50,000 from the nominal
value.

These data, apparently, do not indi
cate any progressive aging phenomenon
although they do show erratic variations
about the normal. s would be expected,
the day-to-day variations of the sample
frequency were more erratic than those
of the integrated value . Assuming the
mean value of the data to be the nom
inal value, we see that at no time does
either set of data depart from its mean
value by more than one part in 50,000,

FIGURE 1. Photograph of TYPE 81S·A Precision Fork.
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FIGURE 2. Plot of the results of a 6O-day test run on TYPE 815·A Precision Fork.

and that, for the most part, the data lie
considerably within this range. Simul
taneous records were kept of the operat
ing parameters such as microphone
current, driving voltage, etc., but no
definite relationship could be established
between the variation of tbese meas
urable parameters and the correspond
ing frequency fluctuations. The author
believes these fluctuatious to be caused
by eccentricities inherent in such a
device as a carbon microphone. These
erratic mechanical changes in the physi
cal structure of the microphone button
may produce minute changes in the load
ing of the fork or slight changes in the
phase relation hip between tine motion
and driving current.

The reader must not infer that the
TYPE 815-A Precision Fork is good under
all conditions, and especially on inter
mittent service, to one part in 50,000, as
obtained in the above data. For an hour
or more after starting or moving about,
the microphones are engaged in a stabi
lizing phenomenon, and more erratic
variations, as well as some progressive
drift, may be expected in the fre
quency, which prohibits a specifica
tion of frequency better than one part in
ten thousand. However, for nses em
bodying continuous operation in a given
location and provided with temperature
control, a duplication of the author's re-
ults may be expected.

- HORATIO W. LAMSO

A 50-cycle model of TYPE 815-A Precision Fork is carried in stock and is priced
at 165.00. Forks for other frequencies bet, een 40 and 200 cycles can be built to
order. Prices on request.

THE VARIAC AS A SERIES DIMMER

LINE

VARIAC

LOAD

• ASSOCIATED THEATRICAL
S ERVICE of San .F rancisco reports the
use of Variacs as series dimmers for
lighting control. The Variac is connected,
like a rheostat, in series with the load.
The advantage of this arrangement is
that Variacs can be substituted for
resistance dimmers in existing control
systems without in any way changing
the wiring.
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IMP R0VEMENT SIN THE TYPE 568 CON DEN SER

• MAN Y MAN UFA CT URERS I lab-
oratory workers, and amateurs have
used TYPE 568 Variable Air Condensers
for assembly into receivers, transmitters,
and wavemeters, and for use in experi
mental equipment at high frequencies.
The trend toward their use at ultra-high
frequencies, however, has necessitated
some changes in design, in accord with
the principles discussed in a preceding
article.* These changes have been mainly
directed toward reducing the high-fre
quency resistance.

There are two main sources of loss in
a variable air condenser. One is the
dielectric loss caused by the power
factor of the insulating material. Be
cause isolantite is used in TYPE 568
Condensers, this loss is very small. The
other loss, which becomes increasingly
important at high frequencies, is the
metallic resistance loss in the condenser
stack. It is toward the reduction of this
loss that the new changes in design
have been aimed.

The new TYPE 568 Condensers use

*See page 1.

two spiders, one at each end, to feed the
current to the rotor, and the terminals
to both rotor and stator are brought
out at the center of the stacks. As a
result the resistance is reduced to ap
proximately one-fourth of its former
value. As before, both plate stacks are
made integral by complete soldering of
all the plates.

Two new models having increased
maximum capacitances have been added
to the line of TYPE 568 Condensers. The
TYPE 568-E has the same plate shape as
the older TYPE 568-D, straight-line ca
pacitance, but an increased stack length
doubles the capacitance. Similarly, the
new TYPE 568-L uses the straight-line
frequency plates of the TYPE 568-K but
has twice the maximum capacitance. As
with the older style, all models can be
ganged for tandem operation.

Complete specifications, together with
a dimensioned sketch, are given on
page 11. All four models are now
stocked for immediate shipment.

- MARTIN A. GILMAN

FJGURE 1. Photograph of the four stock models of TYPE 568 Condenser showing the terminals.
Left to right: TYPES 568-E, -L, .D, and -K.
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FIGURE 2. Dimension
sketch of TYPE 568
Condenser. For values
of dimension A, see
specifications.

3 MTG. HOLES NO. 25 DRILL
c"SINK FOR 6-32 F. H. M. S·

SPECIFICATIONS
Die lee t ric Los ses: The figure of merit,
RwC', is approximately 0.03 X 10-12•

Maxi mum V0 I tag e: 500 volts, peak.

Rot a t ion An g Ie: 180 0 for TYPES 568·D and
568·E, 270 0 for TYPES 568·K and 568·L.

Dim ens ion s : ee sketch. Depth (dimension
A) is 21J{6 inches for TYPES 568-D and 568-K,
and 3'l16 inches for TYPES 568·E and 568-L. All
shaft diameters are % inch.
Net Wei g ht: %: pound for TYPE 568·D and
568-K, 1 pound for TYPES 568-E and 568-L.

ominal Capacitance
Type Maximum Minimum Plate Shape Code Word Price

568-D 175 Ililf 13 Ililf st.-line cap. CLOVE $4.50
568-E 360 Ililf 18 Ililf st.-line cap. CLOW 7.00
568-K 50 Il}lf 11 Ililf st.-line freq. CLOUD 4.50
568-L 100 Ililf 14 Ililf st.-line freq. CAGED 7.00

MISCELLANY
• SCI ENTIS T S from all over the
world recently attended a Congress for
Applied Mechanics held at Ma sachu
setts Institute of Technology. A feature
of the Conversazione, held on the eve
ning of September 13, was the extensive
use of the Edgerton Stroboscope. Strobo
scopes (and Strobotacs) were used in
nine separate exhibits to illustrate
mechanical principles.

(1) Pelton Wheel. A Pelton water
wheel was run at low speed to avoid
splash, and was illuminated by two
stroboscopic lamps, which clearly showed
the action of the water on the buckets.

(2) Cavitation. Periodically recur
ring cavitation in a stream of water was
shown by means of a TYPE 548-A
Stroboscope.

(3) Cavitation. Cavitation on the
end of a nickel rod vibrating at very high
speed was under observation with a
TYPE 631-A Strobotac.

(4) Water-drop Formation in a stream
of water from a small vane pump was
under observation with the light from
two Strobotron tubes. The light flashes
could be synchronized to the pulses of
water sent out hy the pump so that the
stream of water appeared to stop, go
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slowly downward, or actually appear to
flow upu·ards. This demonstration i so
interesting that the apparatus is et up
as a permanent exhibit at M.LT.

(5) Smoke Vortices. Stroboscopic
light was used to show the beautiful
vortices that are formed when Ti C14

smoke flows through and around the
blades of a fan.

(6) Gasoline-engine Section. The
Ford Motor Company lent a V8 engine
that was cut away to show the pistons,
valves, valve springs, and oil flow at a
speed of 1800 rpm. This made a very
effecti ve demonstration when illumi
nated with stroboscopic light.

(7) Vibration of Buildings. Cross-

sections of buildings were vibrated with
a motor and a TYPE 548 Stroboscope
was used to illuminate the model so that
the motion could be observed.

(8) Cantilever Beam Vibration. A
Strobotac was used to show dynamic
stresses in a vibrating beam with the
aid of Polaroid di c .

(9) Fatigue of Metal. Samples of
metal when vibrated violently in fatigue
tests were under observation with a
60-cycle Stroboscope using a Strobotron
lamp.

• VI SIT booths 13 and 14 at the
Rochester Fall Meeting of the I.R.E.
General Radio instruments will be on
display - General Radio engineers will
be in attendance.

THE General Radio EXPERIMENTER is mailed without charge each
month 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 OFFICES

9D WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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FEATURES

FIGURE 1. Panel view of the TYPE 736-A Wave Ana
. lyzer. The panel is standard 19-inch relay-rack width.
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HIGHER MODULATION
LEVELS FOil THE
TYPE 605-B . . . 6

*L.B.Arguimhau, nWaveAnaly
sis," Experimenter, June-July, 1933.

• SIN CE its announcement five years
ago*, the TYPE 636-A Wave Analyzer has
been applied to a wide variety of uses.
While the majority of these heterodyne-
type analyzers are used in the electrical

communication field, industry in general has found them useful in ana
lyzing noise and other mechanical vibrations. Specific uses range from
the study of brain waves to the analysis of airplane vibrations. The ex
perience of nearly five hundred users with the older model, plus consider
able research work on
circuits and circuit ele
ments, has made it
possible to design a new
instrument, which not
only makes the meas
urements that the older
model made, but makes
them so much more
simply and smoothly
that its performance is
qualitatively entirely
different.

The principle of the
heterodyne analyzer is
well known. As with the
common superhetero
dyne type of radio re
ceiver, tuning is accom
plished by means of a
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fixed-frequency filter and a frequency
changer, as indicated in Figure 2.
Since this principle of operation is used
in both models, it is necessary to con
sider some of the essential details of the
design in order to appreciate the degree
of improvement obtained in the new
instrument.

Perhaps the most important change
is that made in the crystal filtering sys
tem. At the time the first analyzer was
designed, little information was avail
able on quartz crystal filters. It was
known that crystals had satisfactory
frequency and damping characteristics,
but whether serious changes in these
characteristics would occur with chang
ing external conditions, such as humid
ity and age, was not certain.

When only a single crystal is used,
slight changes in the characteristics are
of little consequence, but with two crys
tals (which were necessary in the wave
analyzer), any drift in frequency of one
unit with respect to the other would be
quite serious.

In order to avoid the effects of aging,
the crystals were ground to have the
same frequency, but one of the crystals
was made to have a considerably higher
damping than the other. Their com
bination resulted in an over-all charac
teristic which would be little changed if
the crystals shifted by a fraction of a
cycle in frequency or if the damping
changed. Although this arrangement was
adequate to eliminate the effects of
aging, it resulted in a response curve
which was unnecessarily sharp and

which made tuning very critical; slight
changes in frequency were sufficient to
cause detuning.

Experience has shown that humidity
is by far the most important factor
affecting crystal stability. Vibration
tests have shown the mountings to be
less critical than had previously been
believed. Consequently, the crystals,
when hermetically sealed in their mount
ings, can be regarded as fixed elements.

With these results as a starting point,
three crystals were combined in a flat
top filter. As a preliminary step, an ex
haustive series of mea urements was
made of crystal transmission and band
width as functions of terminal imped
ance*. From the results, the schematic
circuit diagram of Figure 3 was deter
mined. Accurate knowledge of these
equivalent circuits led to a practical
filter design in which the damping
factors and frequencie of the crystals
could be individually adjusted by trim
mers and combined in a way which
gives the flat-top curve of Figure 4.

For the user, this curve is of practical
importance in several ways. In the first
place, it is unnecessary to tune the
oscillator for an exact maximum. The
response is flat over a band of about
four cycles, so that when the dial is
adjusted for an approximate maximum,
the deflection is very close to that cor·
responding to the true peak. When
this has been done, the circuit remains
in tune so that the effect of various cir
cuit changes upon harmonic amplitudes
can be studied without continuous ad-

*Thcsc measurements were (Icscrihed in delail before the
June, 1938, Convention of the IIlIHiwle of Radio En.
gineers.

FIGURE 2. Functional scbemalic diagram howing tbe principles of operation of tbe
wave analyzer.
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CYCLES OFF RESONANCE
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FIGURE 3 (below). Simplified equivalent
circuit of the three-electrode quartz crys
tal. Approximate circuit constants are

L = 1000 henrys R = 7000 n
C = 0.009 jJ.jJ.f Co = 6 jJ.J.Lf
Q = 50,000 fo = 50 kc
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FIG RE 5 (above, right). Response curves of the old and new analyzers for frequencies outside
the normal pass band. The discriminat"ion to unwanted frequencies is greatly improved. At 60 cycles

off resonance the response is 0.06% on the new uuit, 0.2% on the old.
FIGURE 4 (below). Response curves near resonance for the old and new wave analyzers. The

"flat-top' band of 3 or 4 cycles makes tuning much less critical.
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FIGURE 6 (below). Three-electrode quartz crystal filtcr elements. These quartz bars are plated
with copper and gold to provide electrodes, and are mounted by felt in a cast aluminum frame
which serves as a support and also provides acoustic baffles at the ends to prevent damping.
The aluminum castings are mounted in sponge rubber within a sealed cast-aluminum honsing.
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FIGURE 8. Results of measurements made
with the TYPE 736-A Wave Analyzer on a
phonograph record of airplane noise (courtesy

Douglas Aircraft Company).

FIGURE 7. Internal view of analyzer showing
the mechanical construction. The amplifier
(shown also at the right) is of low-impedance
aperiodic design; the older type inductive
coupling and trimmers are notably absent.
The parts are readily accessible. The oscillator
is of much more rugged design, which mini·
mizes frequency drifts previously troublesome.

~-"--~

iarly susceptible to hum. After much
experimentation it was found necessary
to supply the heaters of several of the
tubes from rectified dc to avoid this dif·
ficulty. Similarly, the detectors followed
by a high-gain amplifier and voltmeter
tube made careful voltage regulation
necessary to provide stability and to
avoid power supply oscillations.

One innovation is the input circuit,
which contains a degeneratively ar
ranged phase-inverter tube to supply
the balanced voltage needed for the de
tectors. This eliminates the transformer
which in the older doc operated analyzer
was likely to introduce much more hum
than is found in the present a-c unit.

=
fR£O\J(NCY IN CYCLES

justment of the tuning controls. In the
measurement of disturbances which are
not of completely constant pitch, this
feature is particularly important.

One example is the analysis of the
sound or vibration coming from rotat
ing machinery, gasoline engines, etc. An
airplane engine in flight is likely to vary
by about ±0.5% in speed. This means
that a frequency of 100 cycles will cover
a band 1 cycle wide and so can be meas
ured with perfect stability by the
analyzer. A component having a fre·
quency of 400 cycles will cover a band
4 cycles wide, and this can be observed
with an accuracy of about 10%. Higher
frequencies can be recognized, but their
measurement is not accurate. With the
older type of analyzer, frequencies as
low as 70 cycles would give an unstable
deflection under the same conditions.

In addition to the improvement in
the crystal filter, the instrument has
been made a·c operated. This was by no
means a routine problem, since the de
tector tubes in the analyzer are pecul-
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Another improvement which will be

appreciated by users of the older instru
ment is the virtual elimination of any
necessity for accurate balancing of the
detector circuits.

The General Radio calibration labora
tory puts all new instruments through
exaggeratedly severe tests in order to
check their reliability under service con
dit ions. In line with this policy, one of
the new analyzers was packed in its ship
ping case and driven around for several
days with particularly rough handling in

a delivery truck. pon its return to the
laboratory it was unpacked and kept in
a humidity chamber at 90° F. and 100%
humidity for about eight hours. The in
strument was then tested before it had
a chance to dry out, and it was found
that after a 10% readjustment of the
gain control (which is a normal pro
cedure in using the instrument) the op
eration was normal, and the crystal fil
ter was not affected.

- L. B. ARGUIl\1BAU

SPECIFICATIONS
Fr eque ncy Ran ge: 20 to 16,000 cycles. I nput Imp edan ce: One megohm when used
SeI ect i yIt y: Approximately 4 cycles "flat for direct voltage measurements. When used
top" band width. The response is down 15 db with the input potentiometer it is approxi.
at 5 cycles, 30 db at 10 cycles, 60 db at 30 cycles mately 100,000 ohms.
from the peak. The selectivity is constant over Acc uracy of Freq uenc y Call brat! 0 n: ±2 %.
the frequency range. .
V0 I tag eRa nge: 300 microvolts to 300 volts Vacuum Tub es Requi red •
full scale. The lowest division on the meter cor- 3-Type 6C6 I-Type 6C5
responds to 10 j.LV. The over-all range is divided 2-Type 6K6G I-Type 6X5G
into four major ranges: 300 j.Lv-300 mv, 3 mv- 3-Type 617 I-Type 6F5G
3 v, 30 mv-30 v, .3 v-300 v. Each of these I-Type 6B8 . 3-;-Type :r-4~ neon lamps
ranges is divided into seven scale ranges; for These are supplied WIth the mstrument.
example, the.3 v-300 v range has the following Power Sup ply: 1I5.volt, 40· to 6O-cycle,
full-scale ranges: 0.3 v, 1 v, 3 v, 10 v, 30 v, vacuum-tube voltage regulator included. A
100 v, 300 v. change in the power transformer connection

Direct.reading decibel scales are also provided. permits the use of 230 volts, 40· to 60.cycles.
Voltage Accuracy: Within ±5% on all Mounting: Shielded oak cabinet.
ranges. Spurious voltages from higher order '.' I . I
modulation products introduced by the detector 0 I men sIon s. ~Wldth) 19~ x (heIght) 25Ys
are suppressed by at least 70 db. Hum is sup' x (depth) I0Ys wches, over-all.
pressed by at least 75 db. Net Wei ght : 85 pounds.

Type Code Word Price

736-A ASKEW $640.00
Thi. iOltrumenl i. manufactured and sold under the following United Stales Patentt and licen.se agreemenu:
1. Patent, of the American Telephone and Telegraph Company, 801ely for UtiliutiOD in reHarch, lnTeetigatioD. me..u.reme.nt,

teeling. in.truction and deyelopment work in pure and applied lcieuee. including industrial and encineering fields.
2. !'alent No. 1,542.995.
3. Patent No. 1,967.185.

FIGURE 9. The input system has been desio-ned to provide a wide voltage range. Full-scale
ranges are from 300 microvolts to 300 volts. The smallest meter division corresponds to 10 micro
volts. The over-all range is divided into four parts, selected by means of the switch shown at the
left. Each of these major ranges is divided into seven scale ranges by means of the switch at the
right. For example, the 0.3 v - 300 v range has the following full-scale ranges: 0.3 v, 1 v, 3 v,
10 v, 30 v, 100 v, 300 v.

The newly developed Weston TYPE 801 Meter with illuminated scale is used. The main scales
are linear, but a direct.reading decibel scale is also provided. An alternate input circuit consisting

of a 100,000 n potentiometer is provided for direct-reading percentage measurements.
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HIGHER MODULATION LEVELS FOR THE TYPE
605-8 STANDARD-SIGNAL GENERATOR

• MOD U LA T ION up to 80% is pos
sible with the latest TYPE 605-B Stand
ard-Signal Generators. Current models
are equipped for internal modulation at
400 cycles or for external modulation be
tween 30 and 15,000 cycles, up to 80%.

When the 400-cycle internal oscillator
is used, the total envelope distortion is
less than 3% up to 50% modulation,
and between 5% and 10% at 80% mod
ulation.

Provision is also made for obtaining
modulation percentages of 90% and
100%, although, at these higher levels,
distortion may be serious.

The internal impedance at the ex
ternal modulation terminals is 4000

ohms. Approximately 4 volts are re
quired for 30% modulation and 12
volts for 80%.

Older TYPE 605-A or TYPE 605-B
Standard-Signal Generators can be con
verted for these higher modulation levels
at a charge of $40. This includes the nec
essary changes in the audio oscillator,
the external modulation filter, and
the audio-frequency vacuum-tube volt
meter, as well as the installation of a
new scale on the percentage modulation
meter.

When only external modulation is to
be used at levels above 50%, it is possible
for the user to install a new scale on the
percentage modulation meter and re
calibrate the audio-frequency vacuum
tube voltmeter, following directions
given in the instruction manual. After
this is done, external modulation can
be used over the same range as in the
new instruments. The internal 400
cycle oscillator, however, will not supply
sufficient power for modulation above
50% without the extensive modification
specified above. The new meter scale
can be supplied for 65 cents. No change is
necessary in the meter movement itself.

Listed below are all the changes
which can be made on older models of
TYPE 605-A or TYPE 605-B Standard
Signal Generators.

Type

605-A
605-A
605-A

or 605-B

Change

(1) Addition of I-volt output jack .
(2) ew ball-bearing condenser and gear-drive dial .
(3) 80% Modulation .

Price

$10.00
60.00
40.00

When changes (2) and (3) are made, at the same time, the price is $90.00 for the combination.

Before returning instruments for modification, write to the Service Department for shipping
instructions.
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VISUAL· TYPE FREQUENCY MONITORS

* Experimenter, April, 1937.

MODERNIZATION OF BATTERY MODELS

• EFFEe T I VE December 15, the operation, but necessary major repairs
price for converting battery-operated will be subject to additional charge at a
broadcast frequency monitors (TYPES fair rate. The time required to do the
575-D and 581-A) for a-c operation will work will be between ten days and two
be $210. This increase in price is based weeks.
on actual costs of modernizing these in- When, in addition to this work, a
struments during the past two years. new TYPE 376-L, low-temperature-co
The increased age of the monitors neces- efficient, quartz plate is installed, the
sitates more minor repairs and replace- total price is $270.
ment of small parts than were contem- The Federal Communications Com
plated when the former price* was set. mission will grant a permit to operate
In addition, extensive changes made in a broadcasting station for a period of
the instruments by operating personnel 30 days without a visual monitor, pro
have made complete disassembly a vided it is stated that the frequency
necessary part of the reconditioning op- monitoring equipment is being returned
eration, as have the heavy deposits of to the manufacturer for modification
dust resulting from lack of proper main- and calibration. It is, therefore, essen
tenance. tial that the permit be granted before

The rebuilt instruments will carry the the equipment is returned to us.
same guarantee as new equipment. The Before returning instruments for this
quoted price will include minor repairs modification, write to the Service De
not strictly a part of the reconditioning partment for shipping instructions.

-H. H. DAWES

MISCELLANY
• WHEN meteors suddenly leave wig
gly trails on the photographic record of
their course, that's headline news to the
astronomical world. But Dr. Frederick
Whipple of the Harvard Observatory,
who noticed the phenomenon in a series
of new photographs he had taken, held
up the startling announcement while he
checked his camera with a General Radio
Strobotac. If the motion recorded on the
film were real, the meteors 100 miles
away were sidestepping about fifteen
feet. But meteors have always gone
about their business in a more orderly
way. Dr. Whipple suspected his equip
ment. By placing a white dot on the

camera box and flashing it with the
Strobotac, he discovered that the cam
era, not the meteor, was oscillating at a
rate of si~'Leen times a second. The dif-
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ficulty was traced to the motor in the
camera set-up. Again the Strobotac to
the rescue of science.

That's not the end of the story, for
Dr. Whipple realized that the distance
between the wiggles. was an accurate
meteor speedometer. The speed with
which meteors arrive gives the only pre
cise measure of upper air resistance and
may be used to trace meteoric paths
back to interstellar space. The astron
omers used their misfortune to double
the number of timed meteor trails pre
viously known in all the observatories
of the world. And that is headline news.

• R E C E N T visitors to the Gen
eral Radio plant include: Dr. Giacomo

Segre, Chief Engineer of the General
Electric Company of Milan; Major E.
H. Armstrong of Columbia University;
and Mr. Harry Sadenwater of R.C.A.
Manufacturing Company.

• A NOV EL USE of the General
Radio TYPE 759-A Sound-Level Meter
has been in judging the noise produced
by the various fraternity floats in the
annual Noise Parade during the Home
coming Celebration at Oregon State
College. This year the first three entries
produced levels of no, 106, and 103
decibels, respectively. These intensities
were taken 40 feet from the source.
Pneumatic hammers pounding on large
circular saws won first prize. The meter
was also used to judge the applause at
the Midnight Matinee.

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
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individual.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGElES, CALIFORNIA


