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ELECTRICAL COMMUNICATIONS TEC~NIQUE

AND ITS APPLICATIONS IN ALLIED FIELDS

MONITORING OF BROADCASTING STATIONS

AND NOW FIDELITY
ONE of the greatest contribu
tions to better broadcasting in re
cent years was the clearing up of
the conditions resulting frotll off
frequency operation of broadcast
ing stations. The General Radio
COlnpany's contribution to this
improvement was the visual
continuous indicating frequency
monitor.

The presen t mos t pressing prob
lem in broadcasting is that of
tnaintenance of high fidelity wi th
out loss of station efficiency. This
involves careful main tenance of
modulation at all times. To this
end we have developed a continu
ous indicating tnodulation meter.
A cotnpanion piece is a distortion
and noise-level measuring instru
tnent, whose simplicity of opera
tion encourages frequent checks
on these quantities.

mm
N running a broadcasting

I station, it is. essentia.l to
get the maxImum sIgnal
strength with the minimum

of interference and
distortion. A trans·
mittel' differs from
ordinary circuits in
that, once the am
plitude exceeds a
certain value, the
signal is very badly
distorted. In well·
designed transmit·
tel'S which are prop
erly maintained,
very little distor
tion exists below
this definite over
load point. The
more nearly the
overload point can
be approached, the
greater will be the
coverage of the sta-
tion and the smaller will be the per
centage interference with neighboring
stations. On the other hand, if the

modulation capability is exceeded, very
serious distortion will occur and, even
worse, there will be serious interference
known as "monkey chatter" in neigh

boring channels.
Thus the problem
of monitoring a
broadcasting sta
tion consists, on the
one side, in getting
the largest percent.
age modulation
possible without
distortion and, on
the other side, in
keeping the modu
lation down to a
sufficiently low
level to avoid over
loading.

Most modern
transmitters when
new are surpris
ingly linear. Modu·
lation of 90% can

usually be obtained without objection
able distortion. On the other hand,
when tubes age and push-pull stages of
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amplification become unbalanced, the
transmitter is likely to become very
badly non-linear.

At present, it is the practice with
most stations to monitor the programs
at the studio, maintaining a certain
input level to the line leading to the
remote transmitter, the level being
determined by a power-level indicator.
Another power-level indicator is used
at the transmitter to make certain that
the transmis ion line has not changed
sufficiently to make seriou overload
ing possible. Except under abnormal
conditions, no control is permitted at
the transmitter itself. In the best
present practice the input power level
permissible for a given type of program
is determined by tests on the trans
mitter which correlate percentage mod
ulation and distortion with input level.

This whole system is very badly at
fault in several small but important de
tails. In tbe first place the volume-level
indicators are not at all instantaneous
in their action and the overmodulation
peaks which are responsible for all of
the trouble are seldom of sufficient
duration to register on the monitoring
meters. In addition to the fact that the
meters are not instantaneous, it so
happens that most of those at present
in use are subject to resonance troubles
o that they fail to give a proper idea

of the mean power in a syllable as well
as not following peaks. A pulse of given
intensity may transiently give an indi
cation 3 or 4 decibels higher than the
true value. Such a condition can result
in radically wrong monitoring; a change
of 3 decibels in adjustment would re
sult in halving efficiency. The full sig
nificance of the e meter faults has not
been generally realized.

There is a further difficulty in that

at present the program is monitored
at the input to the transmitter rather
than at the output. This means that
changes in the gain of any of the audio
frequency amplifiers or in the modula
tor efficiency are not taken into account
except by comparatively infrequent
periodic checks. This practice has re
sulted from the lack of equipment
designed for continuous monitoring.

Previous equipment was fairly satis
factory so far as it went hut did not
lend itself readily to rapid experimental
checks, and as a result it was sparingly
used by the operating staffs, tests being
made every week or so. For this reason
it was necessary to provide too large a
safety factor and to use an unnecessarily
low peak modulation to be sure of satis
factory transmission. Conversely, sta
tions which have not been allowing
such safety factors have had unneces
sarily high distortion.

With these conditions in mind, the
General Radio Company has de igned
a group of instruments to reduce the
monitoring of broadcasting stations to
a very simple procedure which can be
carried on continuously and accurately.

The TYPE 731-A Modulation Moni
tor is designed so that it can be coupled
directly to the radio-frequency output
of the transmitter. An automatic bias
ing arrangement used in conjunction
with a thyratron flashes a light when
ever the modulation instantaneously
exceeds the value which is considered
permissible with the particular trans
mitter. In addition, meters are provided
to indicate carrier shift and percentage
modulation.The per cent meter is direct
reading on positive or negative peaks
and is of the rapid movement type re
cently developed. While not instantane
ous, it is free from resonance effects
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Telephone and Telegraph Company.)

CLASS 730-A Transmission
Monitoring Assembly. The
assembly consists of three
rack-mounting units. From
bottom to top they are the
TYPE 731-A Modulation Mon.
itor, the TypE 732-A Distor
tion and Noise Meter, and the
TYPE 733-A Oscillator. The
entire assembly occupies 22%,

inches of rack space
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and follows a signal much more faith.
fully and rapidly than the previous
instruments.

In addition to the modulation mon
itor, a new direct-reading distortion
factor and noise meter (TYPE 732-A)
has been provided for getting very rapid
checks on noise and distortion. A fil
tered 400-cycle oscillator (TYPE 733-A)
of good waveform has been provided
for use in conjunction with the dis
tortion meter. The distortion meter
reads the noise level of the "unmodu
lated" signals directly in decibels with
respect to the standard modulated sig
nal. The operation of the instrument is
so simple that it is possible to make
checks on noise between announce
ments, if it is thought desirable to do so.

This frequent monitoring of noise

makes it possible to keep constant
checks on the balance of the rectifier
equipment, assuring a minimum hum
at all times. It al 0 makes possible fre
quent checks on transmis ion lines to
make certain that excessive interfer
ence is not present. The meter will give
an accurate indication of noises down
to 65 db below the completely modu
lated signal. This same instrument
gives direct reading indication of dis
tortion on a 400-cycle signal. A check
of distortion at anyone level should cer
tainly take less than one minute and
there is no reason why such a check
should not be made immediately be
fore and after the station is on the air
so that it should always be possible to
keep the station working at its opti_
mum efficiency.
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A technical discussion of all of these
instruments will be given in next
month's issue of the EXPERIMENTER. It
is our belief that this group of instru-

The CLASS 730-A Transmission
Monitoring Assembly was designed by
L. B. Arguimbau. We were fortunate
in having the close co-operation of the
engineers of the Columbia Broadcast
ing System in the development and
testing of the apparatus.

Every effort has been made to design
the equipment to meet the actual con
ditions of present installations and
methods of operation. The monitoring
assembly consists of three units: Mod
ulation meter with over-modulation
indicator (TYPE 731-A), distortion and
noise meter (TYPE 732-A), 400.cycle
oscillator (TYPE 733-A). The equip
ment is capable of measuring:

1. Percentage modulation on both
positive and negative peaks.

2. Program monitoring with high
speed volume indicator meter.

3. Carrier shift upon the application
of modulation.

4. Carrier noise and hum level.

5. Combined audio-frequency har
monic distortion of modulation
envelope.

6. Modulation peaks exceeding a pre
determined, desired degree of mod
ulation (i.e., over-modulation indi
cator).

7. Combined audio-frequency har
monic distortion present in speech
input amplifier and other station
equipment.

8. Noise and hum level of audio am
plifiers and other station equip-

ments will prove a very definite econ
omy to broadcasting stations in enab
ling them to operate at the highest pos
sible level consistent with fidelity.

-L. B. ARGUIMBAU

ment, including wire lines to re
mote pickup points and to trans
mitter.

With the addition of a variable-fre
quency audio oscillator it is also pos
sible to measure:

9. Transmitter audio-frequency re
sponse.

10. Audio amplifier and equipment fre
quency response.

11. Wire line frequency response.

No critical adjustments or balances
are required. The quantities measured
are read directly from the instrument
and no calculations are involved. In the
course of operating tests the equip
ment has been used to measure the
characteristics of radio transmitters
ranging from 50-watt portable remote
pickup equipment to 50-kilowatt broad
cast transmitters, as well as high
frequency transmitters operating at
frequencies up to 15 megacycles. Checks
on audio equipment have been made on
everything from portable field ampli
fiers to program amplifiers and public
address equipment.

It has been found possible to make
complete runs on a transmitter deter
mining positive and negative modula
tion peaks, per cent distortion, hum and
noise level throughout the range of
audio input of the transmitter in less
than ten minutes.

The entire monitoring assembly,
CLASS 730-A, is priced at U62.00
(Code Word, EXILE). Delivery will
start about February 28.
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VARIAC APPLICATIONS IN PHOTOGRAPHY

5

the voltage on the Photoflood Lamp to
any desired value, and then to "flash"
the lamp at normal voltage during 'the
comparatively brief exposure period,
thereby prolonging the life of the lamps
greatly.

The curve of Figure 1 shows the re
lation between lamp voltage and aver
age lamp life, and lamp voltage and il
lumination of the No. 1 Photoflood
Lamp. A voltage reduction of only II

PHOTOGRAPHY enthusiasts have been
finding a variety of applications for

the Variac auto-transformer described
in previous issues of the EXPERIMENTER.

This unit, which combines the ease of
control of a rheostat with the high ef
ficiency of a transformer, is being sub
stituted for resistance controls in all of
the photographic processes where con
trol of light intensity is required. Here
tofore full advantage has not been
taken of the possibilities of light con
trol at the source of illumination as the
equipment generally available has a
number of limitations.
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PHOTOFLOOD LAMPS
Photoflood Lamps are being used by

thousands of photographers, profes
sional and amateur. The life of the
No.1 Photoflood Lamp is approximately
two hours when operated on a 115
volt circuit. During the major portion
of its life, however, the lamps could be
operated at reduced voltage, while ar
ranging subjects, getting correct light
angles, focusing, and all the other oper
ations preliminary to actual exposure.
The Variac makes it possible to reduce

LAMP VOLTAGt:

Figure 1. No. 1 Photoflood Lamp showing
lamp voltage as a ftmction of (a) probable life

in hours and (b) percentage of light

volts, on the average, increases the
lamp life by a factor offour, and the il
lumination from the lamp is still suf
ficient for most preliminary opera
tions. When the lamp voltage is re
duced by some 50%, the life of the
Photoflood Lamps is comparable to that
of a standard lamp operating at nor
mal voltage.
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Some photographers are operating
Photoflood Lamps in groups of two,
connecting them in series to secure
half normal voltage during the pre
liminary adjustments, and in parallel
for full ilJumination during the time of
exposure. At half voltage the illumina
tion is so low, comparatively, that it is
difficult to predict the re ults when the
lamps are operated at normal voltage.
The Variac permits setting the voltage
on the lamps at any value.

PROJECTION PRINTERS
Photoflood Lamps are being used in

projection printers so that enlarge
ments may be made on chloride or
chloro-bromide contact paper. Some
control of the brilliancy of the light is
essential as the heat generated by the
Photoflood Lamp is sufficient, in many
cases, to cause the negati e to buckle
before an exposure may be made. If
used over prolonged periods at stand
ard vol tage, the Photoflood Lamp may
damage the enlarging system, the re
flector, or conden ing lens, or the pro
jection lens.

The Variac allows continuou ad
justment of the brilliance of the lamp,
to reduce it during the time the nega
tive is being adjusted and masked, the
picture "framed," and the paper ad
justed. It also permits operating the
Photoflood Lamps at reduced voltages
when bromide papers are being en
larged upon.

In enlarging machines using stand
ard electric lights, the several models
of the Variac giving output voltages
higher than line voltage are very use
ful in that the tandard lamp may be
flashed at voltages higher than normal
when printing on extra dense nega
tives or making very large enlarge
ments. The Variac, when used with an

enlarger, also makes it possible to use a
constant iris diaphragm setting, vary
ing the degree of illumination to suit
the density of the negative.

CONTACT PRINTERS
In printing machines, particularly

when used in commercial photo-finish
ing e tablishments, the use of a stand
ard printing time on all negatives,
varying the illumination from the
lamp according to the negative den
sity, is conducive to uniformity of re
sults. Where it i desired to work to a
standard illumination and control the
printing by varying the time of ex
posure, the Variac models affording
"above line" output voltages are used
to compensate for changes in line volt
ages unfortunately met with in many
localities.

SAFELIGHTS
A control of the illumination from the

safelamp is an exceedingly useful ad
junct to the developing and printing
room in that, when very sensitive emul
sions or papers are being used, the safe
lamp may be operated at a voltage just
great enough to allow the photographer
to see his way around, yet it can be
brought up to full brilliance momen
tarily to observe development prog
ress. As the speed of emulsions varies,
the amount of "safe" illumination
varies also and hence the usefulness of
a varying light source.

STUDIO LIGHTING
In the photographic studio, ama

teur, portrait, or commercial, the light
ing problem involves, in general, the
control of both the intensity and the
direction of the variou light sources.
Heretofore the intensity of illumina
tion has been controlled by varying the
distance between the subject and the
light sources. This method is not en-
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Figure 2. Actual power saved when using the
TYPE 200-C Variac instead of a rheostat to

control four o. 1 Photoflood Lamps

The TYPE 200-C Variac (TYPE 200
CM mounted and supplied with cord,
plug, switch, and outlet, price $17.50)
- TYPE 200-CD (unmounted and no
wiring conveniences, price $14.00) will
control 860 watts at llS volts. It can be
used to control from one to four No.1
Photoflood Lamps. Its output volt
ages are continuously adjustable from
zero to 135 volts, and is the model to
use where voltages above line are re
quirecL

The TYPE 100 Variac (TYPE 100-K.
for llS-volt circuits and TYPE 100-L,
for 230-volt circuits, price $40.00) is
rated at 2 kva at line voltage and will
control any lamp combination con
suming not over 2000 watts at line
voltage. The TYPE 100-L Variac is sup
plied with a tap so that this unit may
be operated on llS-volt circuits to give
output voltages up to 230 volts. When
so operated, the TYPE 100-L is rated
at 1350 watts at output vol tages from
zero to 150, tapering to 900 watts at
230 volts.
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tirely satisfactory; any change in the
position of the lamp stands, to vary
the amount of light, also affects the
angle between the light source and the
subject, requiring a readjustment of
the light angles each time the stands
are moved.

Many photographers work with well
defined and known light angles, merely
varying the degree of illumination of
the general, flood, and spot lights to se
cure the desired tone values and mod
eling. The Variac control offers an ex
tremely flexible, simple, and economi
cally operated method of controlling
the illumination by varying the inten
sity of the light itself. When the Variac
is used in the studio, the lamp stands
are placed to secure the desired light
angles and all modeling is accom
plished electrically by adjusting the
Variacs to change the intensity of each
main light source.

ADVANTAGES OF USING VARIAC
CONTROL

The Variac has many advantages
over the resistive control method. In
the first place, up to the full load rat
ing, the output of the Variac is essen
tially independent of load. One Variac
can be used to control one or more
lamps, replaci ng a number of resistive
units. The power saving from use of the
Variac is quite appreciable. Figure 2
shows the actual saving in watts when a
Variac is used in place of a resistive
control to vary the voltage on four
No. 1 Photoflood Lamps.

VARIAC RATINGS
The TYPE 200-B Variac (price

$10.00) will control any lamp combina
tion drawing not over 170 watts at llS
volts. It is ideal for controlling a single
Photoflood Lamp. It supplies output
voltages from zero to line.
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DIRECT-READING VARIABLE INDUCTORS

TIlE usefulness of any variable re
actor or resistor is greatly increa ed

if it is direct-reading. Reference to a
calibration chart is always time-con
suming and frequently leads to errors.

During recent years a number of di
rect-reading instruments have been an
nounced by the General Radio Co. The
five TYPE 107 Variable Inductors now
join this continually lengthening list.

The general appearance of the cal
ibrated dial is shown above. While
the scale is not uniform, it is suffi
ciently linear to allow an accuracy of
reading of 1% of the full scale reading.

The terminals of the rotor and stator
coils are brought out separately to two
pairs of posts on the upper left corner
of the panel, which are distinct from the

terminal posts on the upper right cor
ner. The two coils may be placed either
in series or in parallel by means of two
links. The engraved plate at the top
edge of the panel specifies the positions
of these links. The scale marked on the
dial is for the series cOlll1ection of the

. coils, as indicated on the dial.
The inductance of the coils when

connected in parallel is one-quarter
that for the series connection to an ac
curacy of better than 0.1%. The exist
ence of circulating currents in these
coils for this connection has been min
imized by making their separate in
ductances equal.

When the rotor and stator coils are
at right angles, their mutual induc
tance is zero. The value of their self-in
ductance at which this occurs is given
on the engraved plate in the lower left
corner of the panel. For any other po
sition of the coils their mutual induc
tance is one-half the difference between
this zero mutual value and the scale
reading. These formulae, together with
the nominal d-c resi tance and current
carrying capacity of the inductor, are
also given on this plate.

There are five sizes of TYPE 107 Vari
able Inductors as shown in the follow
ing table.

Self-Inductance Mutual

Type Series Parallel Tnduclance

107-J 6- 50 I'b 1.5-12.5 I'b 0-12.5 I'h
107-K 50-500 I'h 13-125 I'h 0-125 I'b
107-L .5- 5 mb .13-1.25 mb 0-1.25 mb
107-M 5- 50 mb 1.3-12.5 mb 0-12.5 mb
107- 50-500 mh 13-125 mb 0-125 roh

The price of the three smallest inductors is $35.00, that of the two larger, $40.00.

~~

GENERAL RADIO COMPANY

30 State Street Cambridge A, MassachuseHs



The GENERAL RADIO

EXPERIMENTER
VOL. IX. No.9 FEBRUARY, 1935

ELECTRiCAL COMMUNiCATIONS TEC~NIQUE

AND ITS APPLICATIONS IN ALLIED FIELDS

MONITORING OF BROADCASTING STATIONS
Part II

LAST IllonLh's Expcri
mcntcr discus ed new
rnethods of Illonitoring
broadcasting station out
put and described the uses
and capabilities of the
CLASS 730-A TransIlli sion
Mea uring AsseIllbly. The
present article discusses in
Inore detail the instru
ments thetnselves and
explains their opera Lion.

~[Ji]rOSE familia< with theT TYPE 536-A Distortion-
Factor Meter1 and the
TYPE 457-A Modulation

Meter2 will notice many points of simi
larity with the equip-
ment described here.
The older instruments
were intended pri
marily for the experi
mental determination
of the performance of
transmitters, and ex
perience over a period
of four years has
proved them to be en
tirely satisfactory on
an electrical basis.

For continuous monitoring, how
ever, equipment must he direct-read
ing, entirely self-contained, and must
require a minimum of effort on the part
of the operator. The CLASS 730-A Trans
mi sion Measuring Assembly has been
designed to meet these requirements

without sacrificing any of the accuracy
obtainable with the older equipment.

TYPE 732-A DISTORTION AND
NOISE METER

The Distortion and oise Meter
measures the har
monic distortion in
the transmitter with
400-cycle modulation
and the noise level in
decibels below any
given modulation
level. Its operation is
easily under tood by
referring to the dia
gram of Figure 1.

The carrier, modu-
lated at 400 cycles, is

applied to the input of the instrument.
A capacitive attenuator is provided to
adjust the carrier level to a convenient
value. After a preliminary adjusiment,
this need not be changed. The carrier
is rectified by a linear diode detector ,3

and the audio-frequency component of
I W. '. Tuttle. "Modulation )leasureme018 on Broadcast Tran8miuers/' General Radio Experimenter, Volume V, 0.10

('larch. 1931).
2: W. N. Tuttle, uDirect )Ieasurements of Harmonic Distortion." General Radio Experimenter. Vol. VI, 0.6 (Nov., 1931).
S C. H. Sharp and E. D. Doyle. Crest Yollmeters, Trans. A.I.E.E.• Volume 35, pp. 99·107. February, 1916.



2

DIODE

THE GENERAL RADIO EXPERIMENTER

LOW-PASS

FILTER

400~

HIGH PASS I ---.-+-------r---1---------,"---1'-...---1 fILTE.R I-
AMPLIFIE.R .J.

FIG RE 1. Functional schematic diagram of TYPE 732- Di tortion and Joise Meter

the envelope is applied to an attenu
ator and filter.

In order to standardize the direct
reading scales, a known fraction of the
audio-frequency output is applied to
the amplifier and the gain adjusted to
give full scale deflection on the output
meter. This is done at the CAL po
sition of the attenuator.

To measure distortion, the 400·
cycle component is then filtered from
the signal, and a known fraction of the
remaining harmonics is applied to the
amplifier whose output meter is now
direct reading in the distortion factor.
Four scales are provided: 1%, 3%,
10%, and 30%. All are direct reading,

as indicated in the drawing of the
meter, which is a reduced reproduction
of the actual scale.

In order to measure noise, the 400
cycle signal is applied to the transmit
ter and the amplifier gain adjusted as
before. The modulation is then re
moved from the transmitter, and the
residual audio components of the car
rier envelope are applied to the ampli
fier. The ratio of noise to signal is
given directly in decibels on a third
meter scale. Full scale values of 30, 40,
50, and 60 db are provided, giving a
total signal-to-noise ratio range of
about 30-70 db.

As shown in the diagram, provision
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the carrier envelope, a peak voltmeter
which measures the peak modulation,
and a trigger circuit which flashes a
light whenever the modulation mo
mentarily exceeds a predetermined
value. The output of the first diode is
u ed as a measure of the carrier and is
et at the start to 100, a shown in Fig

ure 2. This meter will then indicate
carrier shift as the station is modu
lated.

As shown in Figure 2, the audio fre
quency component of the carrier en
velope in the desired phase for either
positive or negative peak is applied to a
peak voltmeter, which is specially de-

V.T. VOLTMETER

PE.RCE.NTAGE MODULATION

-o+
o

LOW-PASS

FILTER

DIODE.

is made for connecting the equipment
directly to the carrier or to the audio
y tem of the transmitter.

TYPE 731-A MODULATION MONITOR

The modulation monitor consists of
three essential elements: A linear
diode rectifier which gives an instan
taneous output voltage proportional to

TYPE 733-A OSCILLATOR

400-cycle filtered oscillator (TYPE
733-A) specially adaptable to the di 
tortion meter has also been designed.
The distortion factor of this oscillator
as filtered is less than 0.2% under load
and less than 0.1% on open circuit.

FIGURE 2. Functional schematic diagram of TYPE 731·A Modulation Monitor
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signed to be highly independent of
tube characteristics and to put an en
tirely negligible load on the first de
tector. This voltmeter circuit makes
it possible to combine the accuracy of
the older type of null method instru
ment2 with a direct-reading, rapid
movement meter. The peak voltmeter
reads directly in percentage modula
tion from 0 to 110% and has a super
imposed decibel scale for monitoring
purposes.

The meter movement is arranged to
follow speech and music very rapidly.
Over-all tests on the equipment show
that a pulse lasting only 0.1 second
will make tbe meter throw to within
about 90% of the true value. This is
the most rapid meter as yet commer
cially available, but it i not instan
taneous and, even if it were, it would
not be possible for the eye to follow it
with any accuracy. In fact, in making
dynamic tests on the meter, it was nec
essary to use screens to be sure of the
maximum throw. In order to avoid this
difficulty, a warning lamp circuit has

been provided. Mter determining the
permissible level of modulation by
mean of the distortion metet·, a dial is
set in the lamp circuit controlling the
percentage modnlation at which it will
flash. An automatic biasing arrange
ment used in conjunction with a thy
ratron flashes a light whenever the
percentage modulation exceeds the
value at which the dial is set. This
method is essentially an automatic
null arrangement which requires no
attention or adju tment.

plug has been provided so that ad
ditional percentage meters and flash
ing lamps can be used externally. A
connection is also made by this plug to
provide an audio-frequency voltage
proportional to the modulation for re
cording purposes.

To sum up, the modulation meter
provides a pointer which give a direct
reading, dynamic measure of the mod
ulation and, in addition, provides a
warning signal when the desirable mod
ulation is momentarily exceeded.

-L. B. ARGUIMBAU

ERRATA
PERFORMANCE SPECIFICAliONS FOR CAlHODE-RAY lUBES

D-C Voltage !V[aximLLm
Sensitivity* Spot Speedt

0.013 in/v 4,100 in/sec
11,000 in/sec

0.012 iu/v 6,400 in/sec
16,000 in/sec

0.0083 in/v 50,000 in/sec
0.025 in/v .............

0.050 in/v 300 in/sec

1000 v3 in. Slow
3 in. Fast

Type

635-P2
635-P3

687-P1 5 in. Slow 1500 v
687-P2 5 in. Fast

528-B Fast
3000 v

7 in. 1000 v
500 v

I the ovember-December, 1934, TYPE 528-B Cathode-Ray Tube were
issue of the Experimenter, the values incorrect. The entire table is reprinted

of doc voltage sensitivity given for below:
creen Fast Accelerat-

Diam. or Slow ing Voltage

• Average for both pairs of plates.
t These values are maximum workable spot speeds S for Yericbrome film, on the basis of a hypothetical aperture

//1.0 and ",'itb the screen at infinite distance from the lens. The maximum speed 5' for any other aperature!/N and a

ratio kbetween length of trace on screen and on the camera plate is: S' = ( 1S+ k)"
N' --k
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SUPERSONIC SOUNDS IN NATURE*
By ELBERT P. LITTLE t

5

THE following article, curiously
enough, shows the exact tech
nique tha t would he employed
to eliminate noise as the result
of an industrial noise survey.
The steps are, rougWy, the loca
tion of the source, a frequency
analysis of the disturhina sound
and a visual analysis" of th;
mechanism parts having periods
corresponding to the predomi
nant frequencies in the disturb
ance spectrunl..

The stroboscope used was a
General Radio TYPE 528-A
Edgerton Stroboscop~, the clock
a CLASS C-21-H Standard Fre
quency Assembly.

-THE EDITOR

BIOLOGIST have often speculated as
to whether or not animals produce

supersonic noises, namely, sound above
the range of human audibility. We are
able to hear noise due to vibration in
the air up to 18,000 per second, but any
one who has watched a humming bird
singing must have observed that, as a
~ote rises higher and higher, uddenly
It can no longer be heard, but t,he bird's
mouth will still be open and he will look
as if he were still singing. The obvious
conclusion is that he is singing above
the range of human audibility.

Until recently we have been unable
to study supersonic phenomena because
no adequate methods existed of detect
ing high sounds and determining their
pitch. But in the Cruft Laboratory at
Harvard apparatus has been developed

• Reprinted by permission from the Harvard Alumni
Bullelin through the courtesy of ProCessor GeorgeW
Pierce and Miss Jane Prouty of the Cruft Laboraloe;
where Harvard's work on Communication Engineering is
done.

making use of magnetostriction and
piezo-electric controlled oscillators and
detectors by means of which we are now
equipped to listen to noises that have
been heretofore inaudible. Certain crys
tals, when properly cut, have the ability
to control the frequency of an oscillator
to a remarkable degree. Quartz crystals
cut in this manner have a very narrow
response width - that is, they will re
ceive or oscillate at frequencies only
very close to some particular one.
Rochelle salts, on the other hand, have
a wide range of response.

In receiving sound, a Rochelle crys
tal is put into a parabolic horn that can
be directed towards a noi e. When a
sound strikes it, it give rise to a vary
ing voltage across two metal plates
holding it. This electric variation is
amplified. The amplified vibration is
then heterodyned or combined with a
vibration of a different frequency. The
result of superimposing these two vibra
tions, which are applied to a vacuum
tube detector, is to produce an audible
vibration in the loud peaker. B analyz
ing this audible sound the nature of
the inaudible ound is determined. The
sound detector is so sensitive that it can
pick up the song of a cricket 200 yards
away. It is con~ected to the analyzer
by a shielded wire and can be carried
out into the field in the direction from
which the song is loudest until the in
sect making the noise is found.

The noises that are made by crickets
are now the main feature of this re
search on sounds in nature. Professor
George W. Pierce (assisted by Dr.

ayes and Miss Prouty) has been
t [fon;(lrd Alumni Bulletin.
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working with emobius Fasciatus, a
small, dark-brown cricket that is very
common in the fields. It is about one
third as long as the common house
cricket. It ings at a frequency of 8000
11,000, whereas the house cricket sings
at 4600 vibrations per second. Instead
of di crete chirps, as with the hou e
cricket, thi small cricket emits un
broken trill , some of them lasting for
over five minutes without a pau e.

The study was started, and will be
continued, in the country where many
different insects can be taken up, and
it is possible that some will be found
which sing entirely above audibility. At
the present time a number of crickets
( emobius Fasciatus) are being kept
in the Cruft Laboratory, and a detailed
study of their singing mechanism is
being made.

Insect noises are not produced vo
cally, but are produced by friction of
one part of the body against another,
by vibrations of the wings, by vibra
tion of a muscularly-controlled dia
phragm, or by tapping the body on
some external object. The cricket has
small wing covers, or tegmina, which,
according to biologists, are not adapted
for flight. It is these wings which rub
on one another to produce the "song."
It is the male alone who "sings" or
stridulates, the female possessing no
stridulatory organs. Sometimes he
sings alone with no female at hand, and
at other times he sings while quite ob
viously trying to interest her, but she
is at all times silent, appearing rather
indifferent to his long trills. After a pro
longed song of sometimes half an hour,
the male is seen to perform a sort of
dance, chirping excitedly, and the
female, standing a short distance from
him, will then execute back-and-forth

Stroboscopic picture of cricket with wings
rai ed in "singing." Taken with a Leica Cam
era, exposure 5 seconds, stroboscope flash

speed 16% per second

motions. The stridulatory apparatus
consists of a series of file-like teeth (148
per millimeter) located on the under
side of each wing, and a hardened,
raised portion on the upper inner edge
of the tegmina which is used as a scrap
er. During the song the cricket raises
his wings to an angle of 45 degrees and
draws the scraper on one wing rapidly
across the file on the other. This mech
anism of stridulation has long been
recognized by biologists, and the pres
ent investigations are principally con
cerned with the character of the sound.

o such analysis has heretofore been
made of this type of cricket, although
the common house cricket and the
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European field cricket have been
studied.

The main frequency of the note
picked up by the detector was found
to be about 8000 vibrations per second,
or a note five octaves above middle C
on the piano, but there are also strong
vibrations at 16,000, 24,000, and 32,000
vibrations per second. If the signal in
the amplifier is connected to a neon
glow tube, the tube will flash every
time sound is coming through the
apparatus. The tube is attached to an
arm and rotated once a second, and a
photograph taken of the rotating light.
A steady glow, indicating steady sound,
will appear as a ring of light on the pic
ture, whereas if the sound comes in
pulsations separated by silence there
will be spots of light separated by dark
regions. The steady trill of emobius
Fa ciatus is seen to be made up of 16
pulsations of sound per second at room
temperature, 70 degrees Fahrenheit;
but if the cricket is heated up to the
temperature of a hot summer evening,
94 degrees Fahrenheit, his song has 20
pulses a second. Each pulse is due to a
single scraping of the wings, the pause
between representing time required by
the insect for changing the direction of
the wing motion or going back to the
tart. In a previous investigation pub

lished by the American Museum of
atural History, Mr. Lutz and r.

Hicks, working on the house cricket,
concluded that this cricket did not have
enough time in the .017 second pause
between pulses to get his wings back to
the center, so they assumed that he
scraped in both directions.

The present investigators, in order to
study the wing motion of emobius
Fasciatus, set up a stroboscope beside
the vivarium containing a cricket. The

stroboscope is an instrument where a
light can be made to flash on and off at
any desired rate. If the cricket is sing
ing, his wings are moving too fast to
study. He is therefore put in the dark
and the instrument is adjusted until
the wings appear to stand still. Once
during every cycle of the wing motion
the light is flashing on for 1-100,000
second, the rest of the cycle occurring
in the dark. The wings are therefore
lighted every time they reach the same
position. The stroboscope has a scale
where the number of flashes per second
can be read. The investigators found
that they must adjust the speed to
16 1-3 flashes per second in order to
make the wings appear stationary;
hence there are 16 1-3 complete, back
and-forth wing flaps. As was stated
above, at room temperature there are
16 pul es per second in the ong. If
stridulation was produced while the
wings moved in both directions there
would have to be 32 pulses per second;
so in these crickets noise is produced
while the wing move in one direction
only.

This is, of course, only a preliminary
study. Professor Pierce has listened to
other noises, the song of newly-hatched
robins, which is loudest at 15,000 vibra
tions per second, and the black pole
warblers which ing at about 15,000.
The ultimate object of this series is to
study and classify the sounds in nature
and if possible to determine whether
they serve some purpose for communi
cation. In addition to noises made by
animals, Professor Pierce has found a
large number of persistent supersonic
noises, such a the vibrations emitted
by leaves under the action of the wind,
noises produced by air jets some of
which are inaudible to the ear, the
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rubbing of clothing or of hands, noises
made by the burning of a match when
freshly ignited. The ticking of a watcb
may be heard at a distance of 30 feet
or more by means of sounds of a fre
quency as high as 30,000 vibrations per
second. The devices which are here
employed in scientific study bave also
highly important practical applications
in the production and detection of
sounds under water, as a means of
signaling between vessels or of finding
the depth of the sea by timing echoes,
or in detecting vessels by means of
supersonic noises produced by the

vibration of their hulls or propellers.
The vibrations produced by magneto

striction oscillators and piezo-electric
crystal oscillators have a high con
stancy of f;equency and are used in
controlling the frequency of radio
sending-stations and to provide time
keeping mechanisms for clocks of high
precision. One such clock operated at
the research laboratory, based on prin
ciples discovered by Professor Pierce
and manufactured by the General
Radio Co., keeps time so accurately
that it changed in rate by less than 1-10
of a second per day in four months.

NEW DIALS

As companions to the 2%- and 4
'" inch dials used on much of our
equipment and in the assembly of lab
oratory and experimental apparatus
of others, two new General Radio dials
having diameters of 3;!i inches are now
available. The new dials are similar to
the TYPES 702 and 710 Dials, except
for the larger dial plates. The dials are
nickel-silver finished, with photo-etched
engraving, and are insulated from the
shaft. The fluted knob is polished black
bakelite with rounded edges. These dials
are available for both ;!i-and %-inch
shafts, with and without friction drive.

Price
Code
Word

Diam. Reduc.
Knob Ratio*

Diam.
Shajt

Scale
Div

Dial
Diam ArcType

712-A 3~ in. 180 0 100 ~in. 1% in. ... DlAPE $1.25
712-F 3~ in. 180 0 100 Va in. 1% in. D1FAR 1.25
705-A 3~ in. 180 0 100 ~in. 1% in. 1:4 OIARK 1.75
705-F 3~ in. 180 0 100 Va in. 1% in. 1:4 DIFAL 1.75
• Licensed under U. S. Patents NOB. 1,713,146 and 1,744,675.

~~

GENERAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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WAVEFORM ERRO"RS IN THE MEASUREMENT OF FILTER
CHARACTERISTICS

mNGINEERS whose work
includes the design andE manufacture of electric
wave fi] tel'S have often been

concerned with the discrepancy that
appear to exist between the calculated
and actual performance. Given reason
ably good data about the character
istics of the coils and condenser that
are used, the frequency characteristics
of a filter can usually be predicted
fairly accurately, yet seemingly careful
measurement often indicates a marked

difference between the design data and
the manufactured product.

While nearly all communication
engineers are aware that waveform dis
tortion in the power source will in
fluence the mea ured characteristic of
a filter, few take the trouble to make
an actual calculation of how serious
such errors may become.

Two of the usual circuits for observ
ing filter characteristic are illustrated
in Figure 1. With either method, the
output voltage of the 0 cillator, which

z

®

VARIABLE
FREQUENCY

OSCILLATO

®

VARIABLE
FRECUENCY
OSCILLATO

z

INPUT
VOLTMETER FILTER

FILTER

OUTPUT
VOLTMET[R

~
OUTPUT

VOLTME1ER

FIGURE 1. Schematic diagram of circuits for measuring wave filter characteristics
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is usually kept constant, is applied to
the filter through a resistance equal to
the chat·acteristic impedance of the
filter. The filter is terminated in a
second resistance of the same value,
across which the output voltage is
measured. Generally an amplifier pre
ceding the output voltmeter is required,
because the voltage after being attenu
ated by the filter is too low for direct
measurement by voltmeters of ordinary

II II - I II I
I II. _~"JJJ(AnCNl/ATlDr,,(OJCNC,[S

, I II
I II

II
.....-~~:~~~~;,:?N
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FIGURE 2. Error in measnred characteristic of
high-pass filter due to distortion in the power

source

sensitivity. The loss is either read
directly from the meter readings with
the amplifier gain known, as in A, or a
loss equal to the filter loss at the vari
ous frequencies is set up in a parallel
variable attenuation network, and the
losses balanced for equality by the
method B. The latter circuit has the
advantage that the gain of the amplifier
need not be known for this comparison
method. The impedance of the volt
meter or amplifier (if one is used) must,
of course, be high with respect to the
resistor Z.

If the output voltmeter has a uni
form frequency characteristic (as with
copper-oxide-rectifier or vacuum-tube
types), trouble will occur when mea
suring band-elimination, band-pass, or
high-pass filters. When a-c hum is
present in the power source or is picked

up in the circuit, even low-pass types
may appear to possess characteristics
which differ widely from those indicated
by the calculated data.

A graphic illustration of the error of
measurement of a high-pass filter is
shown in Figure 2. An ideal high-pass
fIlter with a cut-off at 1000 cycles is
assumed. It eliminates entirely all
frequencies below cut-off and passes
without attenuation frequencies above
cut-off. The power source in this case
is a representative beat-frequency type
of vacuum-tube oscillator which has
relatively good waveform. The ampli
tudes of its harmonic components
referred to the fundamental are as
follows: second harmonic, 0.316% (-50
db), third harmonic, 1.0% (-40 db),
fourth harmonic, 0.1% (-60 db), and
fifth harmonic, 0.1% (-60 db) or a
total distortion of about 1.06%.

At a measuring frequency of 200
cycles the fifth harmonic, or 1000 cycles,
just falls in the passed band and is
read on the output voltmeter. At 250
cycles the fourth appears, adding to
the fifth, and so on up to the second, at
500 cycles. The result is the apparent
attenuation curve shown by the heavy
line.

So great a discrepancy between
actual and measured performance can
not exist, because the ideal high-pass
filter chosen for this example cannot
be realized, but the better the filter
the more pronounced the error will
become.

With a low-pass filter, this error
does not occur because the harmonics
of the power source are attenuated in
the filter by a greater amount than the
fundamental frequency, but another
error can occur if power line hum
frequencies which lie below the cut-off
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frequency are present in the measuring
circuit. For instance, when mea uring
a lOOO-cycle, low-pass filter, one would
expect a continually rising attenuation
with increasing frequency above 1000
cycles. Actually, however, the attenua
tion would never exceed the r.m.S.
level of the hum frequencies, all of
which pass through the filter unatten
uated. The discrepancy between actual
and measured characteristics under
such conditions can be very consider
able. If the hum voltage amplitude is
only one per cent of the amplitude of
the power source, the measured atten
uation cannot exceed a maximum of
40 db (one-hundredth of the amplitude
of the measuring frequency). An r.m.S.
output voltmeter has no means for
distinguishing between measuring fre
quencies and extraneous hum.

Figure 3 is a comparison of the true
characteristic of a band-pass filter with
that obtained using the representative
beat-frequency oscillator and r.m.s.
output meter mentioned in the discus
sion of high-pass filter measurements.
The accurate curve was obtained by a
method described later, which elimi
nates the effects of the distorted wave
form of the power source. The solid
line represents the true attenuation
curve, and the dotted curve is the
indicated attenuation characteristic.
The presence of the fifth harmonic,
which is the highest one of any appre
ciable amplitude, shows up by the devi
ation of the measured from the true
characteristic at a frequency of 200
cycle. The third harmonic has the
greatest amplitude of all (1%). Thus
at 333 cycles a big dip occurs in the
measured characteristic as the third
harmonic of 333 cycles falls in the
passed band.

There are three methods that can be
used to reduce the errors caused by
power source harmonics:

(1) Improving the waveform of the
a-c power source.

(2) Utilizing filters between the
power source and the measuring circuit
to reduce the harmonics to a negligible
level.

(3) Using a tuned or elective out
put voltmeter, that is, one which
responds to only one frequency at a
time.

Vacuum-tube 0 cillators are uni
versally used for the power source.
The difficulty of reducing the harmonic
content of their waveform below one,
two, or three per cent is well known to
anyone who has attempted it, there
fore the method (1) above is impracti
cable. Of course, if the filter being
examined has a maximum attenuation
of only 20 db (10:1 ratio between

~ ..t ...~~(O C;"AR"'CWII~"I( I(~~"'~"l\t:.~;~~ON
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FIGURE 3. Error in measured characteristic of
band-pass filter due to distortion in the power

source

passed and cut-off frequencies), a
three per cent harmonic will not
bother the measurements seriously.

ost wave filters, however, have a
higher attenuation ratio than thi , and
too frequently vacuum-tube oscillators
have much more than three per cent
of harmonics.

Method (2), while often used, has
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several practical di advantages, prin
cipally that suitable filters for use with
the power source are not always avail
able, and, for a wide frequency range,
they become too numerous and bulky
to be handled conveniently.

Method (3) is, therefore, by far the
most useful. If the measuring voltmeter
is sufficiently sharply tuned so that it
will respond only to the desired fre
quency, eliminating all others, and if
it frequency response range is variable
over wide limits, it will prevent the
errors caused by harmonics and will
till be flexible enough for making mo t

audio-frequency measurements.
The TYPE 636-A Wave Analyzer*

has these characteristics. Briefly, this
instrument functions on the heterodyne
principle. It has an internal variable
frequency oscillator covering the range
from 34,000 to 50,000 cycles per second.
The impressed voltage under measure-

• General Radio Experimenler. June-July, 1933, pp.
12·14.

ment i heterodyned with the internal
oscillator, which is set to the proper
frequency so that the upper side band
of the combined frequencies is 50,000
cycles. This fixed side-band frequency
is passed through a two-stage quartz
crystal filter of high selectivity. The
internal or local oscillator is varied
over its frequency range by means of a
single large dial which is calibrated in
terms of the frequency under measure
ment, i. e., 16,000 to 0 cycles. The
selectivity is so great that a frequency
of only 30 cycles off resonance is
attenl!ated by 40 db and one off 90
cycles is attenuated by 60 db. With
such extreme selectivity, harmonics of
the desired frequency do not produce
a measurable reading, thus eliminating
the errors from this cau e; likewise hum
frequency components that may cause
errors in low-pass filter measurements
are eliminated.

Our laboratories are frequently con
fronted with practical filter design
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FIG HE 4. Results of t1u'ee measurements on a band-elimination filter. The true attenuation
characteristic is obtained when the TYPE 636-A 'Wave Analyzer is used as the detector. The
two lower curves were taken using two different oscillators and a vacuum-tube voltmeter as

the detector
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problems requiring a careful measuring
technique. For example, in two Gen
eral Radio measuring instrument * a
good combination high-pass and band
elimination filter is used to eliminate a
400-cycle fundamental frequency and
pass only the harmonics of the im
pressed 400-cycle frequency, in order
to measure the total residual harmonics
in its waveform. The ratio of the am
plitude of the total r.m.s. harmonic
content to the fundamental amplitude
is the "distortion factor," usually ex
pressed as a percentage. Obviously the
excellence of these instruments depends
upon the use of a filter that will attenu
ate the 400-cycle fundamental fre
quency to such an extent that its
amplitude after filtering will be en
tirely negligible compared to its har
monics. The frequencies below 400
cycles are also attenuated by the high
pas sections, so that errors due to
extraneous noises, chiefly power line
hum, will be eliminated.

Figure 4 shows the attenuation
characteristic of this filter measured in
three ways: First, an r.m.S. vacuum
tube voltmeter was used as the output

*The TYPE 536-A Distortion.Factor Meter and the
TYPE 732·A Distortion and oise 1tfeter.

meter, and an obsolete type of beat
frequency oscillator with high harmonic
content was the power source. Instead
'of showing some attenuation at 400
cycles, the attenuation appeared ac
tually to dip in the band-elimination
region. Second, the best oscillator
available was used with the same out
put meter. The new TYPE 7l3-A Beat
Frequency Oscillator was the power
ource in this case, which at 400

cycles, had a harmonic content of only
about 0.3% (-50 db). This time the
attenuation curve showed a rising
characteristic as it should, but its
maximum was naturally limited to
50 db. For the third test a TYPE 636-A
Wave Analyzer was substituted for
the VT voltmeter. In addition to being
highly selective, this has so great a
sensitivity (one millivolt full-scale at
its highest sensitivity) that the ampli
fier preceding the voltmeter in the two
previous measurements was dispensed
with. When the frequency selective
wave analyzer was used, the true
attenuation curve was obtained, show
ing, as it should, a maximum attenua
tion of 88 db. The curve obtained was
practically the same, using either of
the two oscillators for the power source.

- . E. THIES E

~

USES FOR GENERAL RADIO INSTRUMENTS

THI issue of the Experimenter' is
devoted mainly to uses for Gen

eral Radio equipment. The filter
measurement' article by Mr. Thiessen
describes one of the many laboratory
measurement applications of the TYPE
636-A Wave Analyzer, and the article
reprinted from orge ews on pages 6
and 7 shows an interesting industrial
application of the Edgerton Strobo-

scope. We shall be glad to receive from
our readers information regarding other
interesting applications of General
Radio apparatus, particularly those
which are unique or of more than
ordinary interest. We plan to publish
those which are of general intere t to
our readers and full credit will, of
COlli' e, be given to the source of the
information.
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THE STROBOSCOPE STOPS THE ROLLATOR

THE following article is an ex
cellent exalllple of the use of the
Edgerton Stroboscope in observ
ing the operation of rapidly
llloving lllechanical systellls to
check the pcrforD1ance of the
finished product against the
design data.

Our readers are undoubtedly
fallliliar with the descriptions of
the orge Rollator in the D1anu
facturer's advertising. This arti
cle (reprinted froD1 Norge ews
by perlllission of the orge Cor
poration) shows how these de
sign features can be observed in
operation.

A BOUT a year ago the orge Engi
n. neering Laboratory obtained one
of the very latest model Edgerton
Stroboscopes developed by the General
Radio Company. With this instru
ment, any motion up to as high as
10,000 vibrations or cycles per minute,
so long as it was repeated in a regular
cycle, could be lowed down or even
stopped so that the parts could be
studied with~theeye the same as if they
were standing still. For instance, if the
tip of a fan blade is suspected of vibrat
ing and making a noi e, it may be
viewed with the aid of the Edgerton
Strobo cope the same as if the rapidly
revolving blades were actually standing
still, and if there are any vibrations
impo ed upon the ordinary rotation of
the fan, they may be instantly detected.
This instrument took care of the rapid
movement of the parts, but the Engi
neering Department was still faced with
the problem of being able to see into
the cylinder.

They had previously buih Rollators
with glass inserts in the dome, simply
to observe the effect on the oil when a
job was in operation. Therefore, they
were able from past experience to
design a dome with a ery large glass
insert, so that the whole interior of the
compressor would be easily illuminated
by the flash from the lamp of the
Edgerton Stroboscope. The cylinder
bearing plate, as it is amply strong to
support the shaft bearing, could be cut
away sufficiently to expose the cylinder
end plate, especially since additional
available space for opening holes in the
cylinder bearing plate could be ob
tained by moving the discharge valve
from the cylinder end plate on to the
side of the cylinder itself. This still left
the problem of making a cylinder end
plate from some transparent material.

The cylinder end plate is the flat plate
which closes the end of the cylinder,
and it must be absolutely flat to pre
serve the proper clearance between
itself and the end of the roller. It was
thought by the orge engineers that it
might be possible to construct this
cylinder end plate out of glass with
sufficient accuracy so that it would
function properly. This problem was
turned over to the engineer of the
Bausch & Lomb Optical Company,
who, after several weeks of work, were
able to produce two plates ground flat
with a sufficient degree of accuracy so
that the compressor would function as
sati factorily as it would with the very
accurately ground cast iron cylinder
end plates produced in the Rollator
plant at Detroit. Producing these glass
end plates was a very unusual and
painstaking job because bolt holes had
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to be drilled through the end plates the
same as are in the regular cast iron end
plate. However, at quite an expense,
this problem was finally solved, and
very tenderly the compressor was
assembled to avoid any chance of a
strain that would crack the precious
glass end plates. It was finally put in
operation and has revealed some very
interesting and instructive facts about
the interior of the orge Rollator.

One of the first tbings that was
checked was to see whether or not the
statement was true that the Rollator
actually rolled around the inside of the
cylinder and did not itself revolve at
shaft speed. The actual speed of revo
lution of the roller inside of the cylin
der was observed and it was found that,
for all practical purposes, it is almost
stationary. On two separate occasions
the roller was observed over a period
of two hours, during which time it did
not make even one complete revolution.
However, it did creep about 10 to 15
degrees, proving that its position
changes sufficiently to equalize any
possible tendency to wear.

There are now under way further
intensive studies of the action of the
blade and the oil inside of the com
pressor cylinder as they are revealed
through the glass compressor. With the
aid of this visibly operated machine,
some very interesting and pertinent

(

,
Norge engineers viewing the operation of the
Rollator by means ofthe Edgerton Stroboscope

data are being obtained on the action
of the oil in the cylinder, and especially
the flow of the oil as it is forced past
the ends of the roller and around the
blade into the cylinder and out through
the discharge valve.

Some studies also are to be made to
see if there is any vibration of the
blade during operation, and also of the
action of the blade spring and the dis
charge valve under actual conditions of
operation.

~~

A NEW REACTANCE CHART

THE June, 1934, issue of the General
Radio 'Experimenter announced

that a considerable quantity of re
actance-computation charts were avail
able for distribution to readers. So
many requests were received that our

supply was very quickly exhausted.
We have recently prepared a new

and improved chart which has a num
ber of advantages over the older one
and we shall be glad to forward a copy
to everyone who requests it.
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MODIFICATION OF BROADCAST FREQUENCY
MONITORS FOR COMPLETE A-C OPERATION

GENERAL RADIO COMPANY

FOR the benefit of those who are using
frequency monitors composed of

TYPE 575-D Piezo-Electric Oscillator
and TYPE 581-A Frequency-Deviation
Meter, the General Radio Company is
prepared to rebuild this equipment for
complete a-c operation. This service is
being made available because most of
the doc monitor have been in contin
uous use for two or three years, and,
in many cases, a general overhaul and
readjustment may be desirable.

The modification of the piezo-elec
tric oscillator into a TYPE 575-E in
cludes installing a new panel and mod
ification of the terminal strip, replacing
the temperature control relay with an
a-c unit, installing fusible protective
links in the temperature-control cir
cuit, replacement of the heat indicator
lamp by one of the "bull's-eye" type,
and such other minor changes a may
be neces ary.

The quartz plate will be readjusted
to exact frequency, and bakelite bases
will be replaced by isolantite.

The deviation meter, after modifica
tion, will be called TYPE 581-B and will
supply the power for the TYPE 575-E
Oscillator. The instrument will be given
a complete overhauling and put in first
class electrical and operating condition.

The charge for the total modification
is $125.00. The rebuilt instruments will
carry the same guarantee as new equip-

30 State Street

ment. The quoted price will include
minor repairs not strictly a part of the
reconditioning operation, but neces ary
major repairs will be subject to addi
tional charge at a fair rate. The time
required to do the work wiII be between
ten days and two weeks.

The Federal Communications Com
mission will grant a permit to operate a
broadcasting station for a period of
three weeks without a vi ual monitor
provided it is stated that the frequency
monitoring equipment is being re
turned to the manufacturer for modifi
cation and calibration. It is, therefore,
essential that the permit be granted
before the equipment is returned to us.

Before returning instruments for this
modification, write to the Service De
partment for shipping instructions.

-H. H. DAWES

Cambridge A, Massachusetts
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ELECTRiCAL COMMUNiCATIONS TECI-INIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

USING THE NOISE METER WITH A VIBRATION PICKUP[I:J indu,ttw no;~ mM'U<e-

I ment, particularly hen
attempting to eliminate
objectionable noise in ma-

chinery or to reduce sound transmission
through walls, it is often useful to make
a quantitative measurement of the
comparative amplitudes of vibration of
the surfaces producing or transmitting
th~sound.The use of a piezo-electric vi
bration pickup in conjunction with the
TYPE 559-A oise Meter is a conven
ient and simple method of measuring
these relative amplitudes of vibration.

The piezo-electric vibration pickup
transforms the motion of the surface
into an alternating voltage of substan
tially identical waveform. The face of

5.-lIELDEO CONOUCTO~

/

TYPE 541-G
TRANSFORMER

the vibration pickup is covered with a
piece of felt, through the center of
which a small plunger projects. This
plunger bears on the surface against
which the pickup is held, and transmits
the motion of the surface directly to
the piezo-electric crystal. The resultant
variations in pressure on the surface of
the crystal produce corresponding al
ternating voltages.

Figure 1 shows the method of coup
ling the pickup to the noise meter. The
transformer is required in order to
match the high impedance of the piezo
electric unit to the low impedance of
the noise meter input circuit.

When comparing two vibrations of
the same frequency, the readings will

o
o

TYPE 559-A
NOISE METER

FIGURE 1. Equipment for measuring relative intensity of vibrations of surfaces
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indicate directly in decibels the dif
ference between the two vibrations.
Relative measurements of this sort are
extremely valuable when attempting
to reduce the amplitude of a vibration
or to trace its source.

Since the noise meter amplifies the
various frequencies with a character
istic closely approaching that of the
human ear, the readings of the meter,
when used with a vibration pickup, are
very good indications of the amount of
audible noi e which will be caused by
the vibration being measured. When
the equipment is used to compare two
vibrations of different frequencies, not
only the amplitudes but the frequen
cies are taken into account, so that the
readings are closely related to tbe an
noyance which the vibrations will
cause to the average human being.

This equipment is being used by
everal large manufactm'ers of acous

tic insulating material. Among these is
the Seaman Paper Company ofDetroit,
manufacturers of "Seapak" and other
well-known types of insulating ma
terials. This company has used the
noise meter hoth with and without the
vibration pickup for extensive tests in
the sound-proofing of automobiles,

The TYPE 559-A oise Meter is a
standard General Radio item and was
originally described in the March, 1933,
Experimenter. The instrument is com
plete in itself for measurements of over
all noise level and is priced at 190.00,
including tube. The TYPE 541-G
Transformer, which is used for coupling

railroad cars, offices, etc. In one case,
measurements made with the noise
meter were the cause of the eaman
Company ohtaining an order for sound
proofing a number of new air-con
ditioned passenger coaches for a large
middle-western railroad.

The science of noise measurements
as applied to industrial problems is
comparatively ne' and its entrance
into the industrial picture has been
accompanied by so much mi leading
information that the pos ibilities of
equipment of this type have been fre
quently over-rated. 0 noise-measur
ing equipment will tell a manufacturer
all that is wrong with his product, but
a good noise meter gives definite read
ings of noise level which show imme
diately whether constructional changes
and adjustments result in an increase
or a decrease in noise. This type of in
strument is not excessively expensive
and is the most satisfactory for indus
trial use. The use of a vibration pickup
extends further the usefulness of the
uoise meter by allowing comparative
measurements of sm'face vibrations
which frequently enable the user to
trace a disagreeable sound back to its
source. - H. H. SCOTT

a high-impedance vibration pickup to
the noise meter, is priced at 10.00.

The particular vibration pickup
mentioned in the foregoing article is
the Astatic TYPE C-104-S and lists at

21.00. This unit can be obtained
directly from the manufacturer or from
the General Radio Company.
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A FREQUENCY MONITOR FOR POLICE AND HIGHER
FREQUENCIES

3

FOR limited service transmitters
which operate, for the most part,

at frequencies above the standard
broadcast band, some positive means
of determining the accuracy of the
transmitter frequency is necessary.
This is particularly true with police
broadcast transmitters, where too
marked a deviation from the assigned
channel may produce sufficient inter
ference to handicap seriously the recep
tion in a nearby municipality operating
on an adjacent channel.

Although the tolerances specified by
the Federal Communications Commis
sion are not sufficiently narrow to
require the 50-cycle type of visual
deviation indicator that is used in the
normal broadcast band, they do necessi
tate the use of an accurate type of fre
quency monitor. Heterodyne frequency
meters and tuned-circuit instruments
in general, unless of an expensive type,
are not satisfactory from either the
standpoint of accuracy or that of
convenience.

The most acceptable instrument
from all angles is the piezo-electric
monitor. Its accuracy is in excess of
that required at present and it is ade
quate to take care of more rigid toler
ances in the future. It requires a mini
mum of attention on the part of the
operator, whose total effort consists of
listening to a beat tone whenever it is
desired to check the transmitter fre
quency.

The TYPE 475-A Frequency Monitor
has been designed with the require
ments of police transmitters in mind.
It consists of a temperature-controlled

TYPE 475-A Frequency Monitor

piezo-electric oscillator, a detector, an
audio-frequency amplifier, and a built
in a-c power supply. Monitoring is
accomplished by means of the beat fre
quency, or frequency difference, be
tween the piezo-electric oscillator and
the transmitter. Terminals are pro
vided for connecting head telephones
or a loudspeaker for Ii tening to the
beat tone. The presence of an audible
tone in the loudspeaker is an indica
tion that the transmitter has deviated
from its assigned frequency by an
amount equal, in cycles per second, to
the beat frequency.

Present-day frequency tolerances on
police transmitters are ±0.04%. At a
frequency of 1600 kc, this is equivalent
to ±640 cycles. At 2450 kc the toler
ance is 980 cycles. If the transmitter
is adjusted until zero audible beat is
reached or until a low tone is heard in
the loudspeaker, the operator is as
sured that the station is operating well
within the specified frequency toler
ance·
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This method of frequency monitor
ing is accurate, convenient, and com
paratively inexpensive. For those police
departments which continually receive
from the Federal Communications
Commission reports of off-frequency
operation, the TYPE 475-A Frequency
Monitor is the obvious remedy.

The TYPE 475-A Frequency Monitor
is priced at 330.00 complete with
vacuum tubes. In addition a TYPE
376-J Quartz Plate is required, priced
at 85.00, making the price of the
complete monitor 415.00, f.o.b. Cam
bridge. Deliveries can be made from
stock. - C. E. W ORTHE

MICA CONDENSERS FOR THE LABORATORY

FOR use in the laboratory, mica con
densers, due to the wide range of

possible capacitance values in units of
small physical size, make excellent
secondary standards. The General
Radio Company now has available the
TYPE 509 Mica Condensers, designed
specifically for this purpose. Similar in
general construction to the TYPE 505
Condensers,* their larger size permits

fully assembled and mounted to insure
the stability that is necessary in a
laboratory standard. After assembly,
the condensers are put through an
artificial aging process whicb removes
most of the capacitance change which
would otherwise occur due to natural
aging. That which remains is so small
as to be negligible over long periods of
time. Mter aging, the capacitance is

TYPE 509 Mica Condensers

much higher capacitance values, ex
tending up to 1.0 /-Lf.

TYPE 509 Mica Condensers are care-

•A. E. Thicspcn: "Recent Developments in Mica Con~

den8Cu." (;f'ncr~1 Radio Experimenter, Vol. VII, o. 8,
Jtlnuary, 1933.

adjusted to be within 0.25% of its
nominal value. The exact value of
capacitance is measured to 0.1% and
recorded on the calibration certificate.

The available sizes are so chosen that
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a minimum of duplication is required
to obtain all values in anyone decade.
The maximum safe voltage which can
be applied is a function of frequency,
as shown in the price list. These limits
are imposed by the maximum power
dissipation of the unit. At frequencies
higher than those stated, the maximum
safe voltage varies inversely as the
square root of the frequency. All volt
ages are peak values.

The power factor is less than 0.05%
for all sizes. The temperature coefficient
of capacitance is less than 0.01% per
degree Centigrade.

TYPE 509 Mica Condensers are
mounted in two sizes of cast aluminum
cases. The dimensions of the larger size
are 6 x 3% x 2% inches, over-all;
those of the smaller are 4~ x 2~ x 1~
inches, over-all. The net weights are
3~ and 2~ pounds respectively.

TYPE 509 MICA CONDENSER

Maximum

Type Capacitance Voltage Frequency Case Code Word Price

509-F 0.001 ilf 1200 v 440 kc Small GOODCONBOY $12.50
509-G 0.002 ilf 700 v 640 kc " GOODCONBUG 12.50
509-K 0.005 ilf 700 v 260 kc " GOODCONCAT 12.50
509-L 0.01 ilf 700 v 130 kc " GOODCONDOG 12.50
509-M 0.02 ilf 700 v 65 kc " GOODCONEYE 15.00

509-R 0.05 ilf 700 v 60 kc Large GOODCONFIG 18.00
509-T 0.1 ilf 700 v 30 kc " GOODCONROD 22.00
509-U 0.2 4 700 v 16 kc " GOODCONSIN 25.00
509-X 0.5 ilf 500 v 12 kc " GOODCONSUlII 32.00
509- Y 1.0 ilf 500 v 6 kc " GOODCONTOP 48.00

A NEW REACTANCE CHART

THE June, 1934, issue of the General
Radio Experimenter announced

that a considerable quantity of re
actance-computation charts were avail
able for distribution to readers. So
many requests were received that our

supply was very quickly exhausted.
We have recently prepared a new

and improved chart which has a num
ber of advantages over the older one
and we shall be glad to forward a copy
to everyone who requests it.
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230-VOLT TYPE 200-C VARIACS

FIGURE 2. Continnous output current vs. out·
put voltage for tbe three different connections
of TYPE 200-CUll and TYPE 200-CMll

Variacs
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Reference
Letter

A
B
C

Dials reading directly in output
voltage with an accuracy of ±2% for
the 270-volt output are furnished with
each unit.

The mounted model, TYPE 200
C H, is regularly upplied with cord
and internal connections for these
voltage ratings. By means of seven
terminals which are provided and
which are easily accessible, the other
input-output voltage combinations are
possible, with either the mounted or
the unmounted models.

In the table below, the reference
letter corresponds to a similar letter on
the "Output Voltage-Continuous Out
put Current" curves of Figure 2.

'"woc
W
Q.

~ 3

. ?
f
Z
w
oc
oc
::J
U 2

~
f
::Jo

§
z
f=z
8

FIG RE 1. TypE 200-C II 230-Volt Variac,
unmounted

IN many applications of the Variac
adjustable transformers, models for

use either on 230-volt circuits or on
US-volt lines for output voltages above
13S volts are required. To meet the
many requests for units smaller than
the 2-kva TYPE 100 Variac, there have
been developed two models similar to
the TYPE 200-C for the higher voltage
circuits.

These new models are mechanically
identical and interchangeable with the
TYPE 200-C or TYPE 200-CM Vari
acs. They are intended for the following
uses: on 230-volt inputs to deliver out
put voltages continuously adjustable
from 0 to 270 volts; on 230-volt input
circuits to furnish output voltages from
oto 230 volts with slightly higher watt
age ratings; on US-volt circuits to
deliver output voltages from 0 to 270
volts.
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The current ratings shown in the
curves are for continuous duty. Where
the load is applied intermittently over
comparatively short periods of time,
these ratings may be exceeded mao
terially without harm to the Variac.

TYPE 200·CMH Variac, mounted
model, complete with calibrated dial,
case cord and plug, switch, and con·
venience outlet (Code Word, BAIRN).

Net Weight: 10 pounds.
Price.... .. $21.50
TYPE 200·CUH Variac, identical

with TYPE 200·CMH except intended

primarily for behind panel mounting,
and not supplied with case or wiring
conveniences (Code Word, BAGUE).

et Weight: 9 pounds.
Price. . . . . . . . . . . . . . . . . . . $18.50
For detailed information concerning

the construction and use of the Variac
transformers, the reader is referred to
the following General Radio publica.
tions, copies of which will be sent free
of charge upon request: Bulletin 936
(Parts Catalog); General Radio Experi
menters: June.July, 1933; July.August,
1934; January, 1935.

A LARGE CAPACITANCE OIL CELL

THE TYPE 683-C Oil Cell has been
designed for the measurement of

the power factor and dielectric con·
stant of oil when 1000 cc of the oil are
available. This cell follows the design
originated by Professor J. C. Bals·
baugh 1 of the Massachusetts Institute
of Technology. It is similar to the
TYPE 683-A Oil Ce1l 2, but larger in all
dimensions.

The general arrangement of its
parts is shown in Figure 1, which is a
photograph of the cell. The measuring
electrodes are concentric polished
nickel cylinders. The inner cylinder is
mounted on a central tubing of pyrex
glass through nickel discs. The outer
cylinder is supported on two pyrex
rods fastened to two guard cylinders,
which are mounted on the central
tubing in the same manner as the inner

1 J. C. Balsbaugh and A. Herzenberg, "Compreheu8ive
Theory of a Power·Factor Bridge." Journal of the Franklin
Institute, Vol. 218, No.1, July, 1934, pp. 49-97.

2 R. F. Field, "Power·Factor Mea8urements in Oil
Analysis," General Radio Experimenter. Vol. IX. No.4
Sept. 1934, pp. 1·5. FIGURE 1. TYPE 683·C Oil Cell
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cylinder. These mounting discs are
punched with holes to allow circulation
of the oil being measured and of the
cleaning liquid used when the oil is
changed.

This type of construction provides a
three-terminal condenser in which there
is no solid dielectric between the
measuring electrodes. The direct ca
pacitance of these electrodes has a
practically zero power factor and a
unity dielectric constant. An energy
loss can occur only in the air between
the plates and in the gas occluded on
their surfaces. The latter loss is mini
mized by a heat treatment of the nickel
tubing, in which the natural occluded
gases are replaced by hydrogen.

The leads from the outer and guard
cylinders are nickel wires, that from
the former being shielded by nickel
tubing connected to the guard. A
flexible copper lead from the inner
cylinder passes inside the central pyrex
tubing, which is large enough to con
tain a thermometer for measuring the
temperature of the oil.

The electrode structure is mounted
in a pyrex glass container, having a

ground joint and two tubulations. The
cell may thus be operated in a vacuum
or in an atmosphere other than air.
The appearance of the mounted cell is
shown in Figure 1. The over-all length
is 18 inches and width across tubula
tions, 8 inches. The outside diameter
of the glass container is 4 inches.

The direct capacitance of the mea
suring electrodes is 90 f..Lf..Lf with a spac
ing of .075 inch. The volumetric ca
pacity of the container is 1000 cc.

This oil cell may be used only with a
bridge having a Wagner ground or a
suitable guard circuit. It must be
placed in a metal shield which may be
the container of the bath for tempera
ture control. The liquid of this bath
must be conducting or a close-fitting
tin-foil jacket used so that the slight
leakage over the outer glass surface
may not introduce a los in the ca
pacitance of the measuring electrodes.

The price of the TYPE 683-C Oil Cell
is $250.00, complete as shown in
Figure 1. The price of the electrode
structure alone, mounted on a 10-inch
pyrex tubing and provided with 12-inch
leads, is $215.00. -R. F. FIELD

THE GENERAL RADIO COMPANY mails tile Experimenter, witllout cllarge,
eacll montll to engineers, scientists, and otllers interested in commun

ication-frequency measurement and control problems. Please send requests

for subscriptions and address-cllange notices to tile

GENERAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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ELECTRiCAL COMMUNiCATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLI~D FI~LDS

AN IMPROVED AUDIO OSCILLATOR[]]!OR a numb., of yeam tbe

F General Radio TYPE 213
Audio Oscillator has served

==== in many laboratories as a
tone source for bridge measurements
and other purposes. This oscillator,
which consists of a single-button
microphone-driven tuning fork, has
been widely used because of its sim
plicity, compactness, low cost, and
ease of operation.

A redesign of this instrument, re
sulting in the TYPE 813 Audio Oscil
lator, has produced very definite
improvements along the following
lines: (1) more accurate calibration to
any specified frequency value, (2)
lower damping and greater frequency
stability, (3) complete independence
of output and fork driving circuits,
(4) more reliable operation and self
starting characteristics, (5) much
lower harmonic content in output,
(6) fork enclosed and free from dam
age and dirt, (7) provision made for a
small self-contained 4)1-volt dry bat
tery for intermittent operation; or,
alternately, outside batteries for con
tinuous service or greater power out·

put, (8) a reduction of the sound in
air produced by the oscillator.

These improvements have been ac
complished by the use of a much more
massive fork of unique design, by
employing two microphones of an im
proved type symmetrically loading
each tine, and by the use of an output
filter which reduces the harmonics
in the output.

The fork is cut from a rectangular
bar of uniform cold rolled steel which
is then cadmium plated to resist cor
rosion. Two rigid back microphones
are mounted from the heel of the fork

FIGURE 1. External view of lOOO-cycle TYPE
813-A 06cillator
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FIGURE 2. Internal view of 400-cycle oscillator, showing fork and method of mounting

and are located symmetrically on the
tines at, or back of, the point where
maximum flexure occurs. In this man
ner, the free vibration of the fork is
influenced only to a very slight degree
by the load of the microphones.

The fork is mounted rigidly a t the
heel above a small metallic base panel
which carries the driving electromag
net located between the tines. The
base panel is suspended internally

with four resilient mountings beneath
a bakelite panel, which carries the ter
minal posts and control switch and
which serves as a cover for the walnut
cabinet.

Since the output of the microphone
button contains harmonics of consider
able amplitude, a filter is provided to
obtain good waveform. This filter
attenuates the second harmonic by
more than 40 decibels.
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The wmng diagram (Figure 3)
shows how one microphone, in series
with the electromagnet and whatever
battery is connected across the ter
minal A and B, drives the fork. The
other microphone, in series with the
filter and whatever battery is con
nected across the terminals A and C,
independently supplies the electrical
output of the oscillator. The switch
controls both circuits simultaneously.

Output impedances of 50, 500, and
5000 ohms are provided. Four output
terminals are so arranged that the
TYPE 274-M Double Plug may be
quickly attached to give anyone of
these three internal impedance values.
The output circuit is completely iso
lated from the driving circuit, and
there is no direct-current component
in the output.

For intermittent operation with a
moderate power output, an internal
4>--2-volt battery is connected across
the terminals A and B and the ter
minal C is connected, externally, to
the terminal B. The single battery thus
energizes both the driving- and the
output-microphone circuits. For greater
output, or for continuous operation
over extended periods, the internal
battery may be replaced by an ex
ternal battery of greater capacity or

by some other low impedance direct
current source of 4>--2 volts to 8 volts,
connected externally across the ter
minals A and B, with C joined to B.

The best frequency stability and the
10\ est harmonic content are obtained
when the amplitude of fork vibration
is small, corresponding to a driving
battery voltage not greater than 4>--2
volts. Maximum power output con
sistent with these conditions is ob
tained with a total output battery
voltage of 6 to 8 volts.

The operating characteristics of the
TYPE 813 Oscillator are given below.

Frequency: The TYPE 813 Audio Oscil
lator is available in two models, 400
cycles and 1000 cycles. Other fre
quencies between 300 cycles and 1500
cycles can be obtained on special order.

The frequency is adjusted to within
0.5% of the specified value. The tem
perature coefficient is - 0.007% per
degree Fahrenheit and the change in
frequency with driving voltage is less
than 0.01% per volt. The frequency
is entirely independent of load imped
ance.

Waveform: The total harmonic con
tent of the output into a matched
re istive load is less than 0.5% with

a::::
w
~
lJ...

5000

500

50

FIGURE 3. Circuit diagram of TYPE 813-A Oscillator
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FIGURE 5 (right). Ratio of power output, P, "1"
to the maximum power output, Po, as a func·
tion of output Impedance. The horizontal

scale may be read as ;0 or ~o, depending upon

whether the load impedance is larger or smaller
than the matched value, Zo

·
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4>11-volt drive and less than 0.8%
with 6-volt drive. Figure 4 shows how
the ratio of total harmonic content,
H, to the harmonic content, H o, with
a matched load, varies with the ratio
of load impedance, Z, to matched load
impedance, Zoo

Output: The output to a matched load
impedance is 20 to 30 milliwatts with
6-volt drive and 10 to 15 milliwatts
with 47'2-volt drive. Figure 5 shows
how the ratio of output power, P, to
the maximum output power, Po, de
creases as the load impedance, Z, is
made larger or smaller than the opti
mum value, Zoo

The maximum open circuit output

FIGURE 4 (left). Variation in harmonic con·
tent of output voltage as a function of the
ratio of the load impedance, Z, to the matched
load impedance Zoo Note that the harmonic
content is extremely small for high impedance
loads. This makes it possible to work the oscil·
lator into tbe grid circuit of a vacuum·tube
amplifier to obtain higher power output with

good waveform
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voltage is 20 to 24 volts with 6-volt
drive and 14 to 17 volts with 4>11-volt
drive.

Input Power: The driving microphone
draws about 25 milliamperes at 4>11
volts and 30 milliamperes at 6 volts.
The output microphone draws about
60 milliamperes at 47'2 volts and 80
milliamperes at 6 volts. These values
are subject to considerable variation.

Dimensions: Both models, (length) 9
x (width) 5 x (height) 6 inches, over
all.

Price:
1000-cycle model- $34.00

400-cycle model - 36.00

- H. W. LAMSON
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THE ANALYSIS OF

COMPLEX SOUNDS OF CONSTANT PITCH

5

ONE of the many uses of the TYPE
636-A Wave Analyzer is in the

frequency analysis of sounds which
have a constant pitch. The selectivity
and ease of operation of the analyzer
make it particularly useful for applica
tions of this sort.

An excellent example of this type of
problem is the analysis of the tone pro
duced by an automobile horn. Neces
sary equipment consists of a suitable
microphone, an audio-frequency ampli
fier, and the wave analyzer, and should
be arranged as shown in Figure 1.
The microphone should have a rea
sonably good response over the range
up to 10,000 cycles. In the analysis de
scribed here, a low-priced piezo-electric
microphone was used. The amplifier is
used to obtain a voltage of sufficient
magnitude to operate the wave ana
lyzer and should, of course, have a flat
response over the frequency range in
which measurements are to be made.

Three different automobile horns

were analyzed with this equipment and
the results are shown in Figures 2, 3,
and 4. The scale of ordinates, Sound
Pressure in Percentage of Fundamental,
is proportional to the wave analyzer
readings, since all elements in the sys
tem have essentially flat frequency re
sponse curves.

The horn in Figure 2 is a type used
on low-priced automobiles and has a
loud, piercing tone. An examination of
its spectrum shows a resonance in the
region of the tenth harmonic, which is
nearly thirty times as strong as the
fundamental. This accounts for the pe
culiar tone quality of this type of horn.
The horns shown in Figures 3 and 4 are
a pair which are intended to be sounded
at the same time. Each has a rather
pleasant tone, not greatly different
from that of some musical instruments.
The output of each horn contains bar
monies of approximately equal ampli
tudes over a wide frequency range witb
no pronounced resonances.

Q
0 0

OJ
0

Go 0 00

0
PIEZO 0

ELECTRIC
MICROPHONE TYPE 514-AM

AMPLIFIER

TYPE 636 A
WAVE ANALYZER

FIGURE 1. Arrangement of equipment for analyzing sounds of constant pitch
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A visual indication of the waveform,
made by means of a cathode-ray oscil
lograph and sweep circuit, is often use
ful in interpreting the frequency analy
sis. A permanent record can be made
by photographing the oscillograph pat
tern with a still-picture camera. The
necessary equipment is shown in Fig
ure 5 and consists of the piezo-electric
microphone, an amplifier, a cathode
ray oscillograph with linear sweep cir
cuit, and a hand camera.

To obtain sufficient deflecting volt
age for the oscillograph, an amplifier
with a high voltage output, such as the
new General Radio TYPE 714-A Am
plifier, is needed. The oscillograph
(TYPE 687-A) has a self-contained
sweep circuit and power supply. For
making the photographs of Figure 6, a
camera having an f/4.5 lens was used
with Verichrome film. The exposure
was 0.2 second.

The three oscillograms of Figure 6

PIEZO
ELECTRIC

MICROPHONE

o
00

TYPE 714-A
AMPLIFIER

FIGURE 5. Arrangement of equipment for photographing the waveform of sounds of constant
pitch
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The General Radio eqnipment men
tioned in the foregoing article i all
standard catalog apparatus. The prices
are as follows:

The microphone used for this partic
ular work was an Astatic Type D104,
which lists at 22.50. This microphone
can be obtained from the General
Radio Company or from the manu
facturer.

and photographing sounds of constant
pitch can, of course, be applied to a
large number of problems. The noises
of internal combustion engines, muf
flers, and various types of electrical
and mechanical equipment can be
treated in the same manner as the horn
tones. A harmonic analysis of a sound
of this type will readily show up the
frequencies at which resonant phe
nomena are taking place. In the case of
a horn tone, proper treatment of the
acoustic systems producing resonances
will improve the quality of the ound.
In other applications where it i de
sired to reduce the intensity or di 
agreeableness of a sound, as in a muf
fler, for instance, the resonances may
be shifted, by proper design, to points
where their effect is less noticeable.

-H. H. SCOTT

184.00

490.00
85.00

190.00

TYPE 636-A Wave Analyzer .
TYPE 514-AM Amplifier .
TYPE 7l4-A Amplifier .
TYPE 687-A Electron Oscillo-

graph .

are, respectively, the waveforms of
the horns of Figures 2, 3, and 4. In
each oscillogram the sweeping fre
quency was equal to one-half the horn
fundamental frequency. ote that
Figure 6 shows that the fundamental
of the horn of Figure 2 appears as a
modulation of the tenth harmonic

These same methods of analyzing

FIGURE 6. Oscillograms showing waveform of
horns (top) o. 1, (center) No.2, (bottom)

0.3

GENERAL RADIO COMPANYSf...._..,. 30 State Street Cambridge A, Massachusetts



The GENERAL RADIO
EXPERIMENTER

VOL. X No.1 JUNE, 1935

IN
M~ASUR~M~NTS

A R~VI~W OF TW~NTY Y~ARS OF PR06R~SS

COMMUNiCATION - FR~QU~NCY

INTRODUCTION

[[!]
ATT must have been

W watching his teakettle at
almost the same time that
Franklin was flying his

kite. These two incidents illustrate
rather strikingly a difference which
was present from the outset between
the philosophies of steam engineer
ing and electrical engineering.

Development of steam engineering
was, until a late date, entirely em
pirical and out ide of the scientific
thought of the period. It was distinct
ly a method of procedure from appli
cation to theory. or could thi type
of development be ascribed to a
complete lack of problems pressing
for solution. In the 1840's Dickens
approached an Ohio steamboat voy
age with a degree of trepidation
which indicates that these craft en
joyed an explosive reputation in
England at that time. Steam engineer
ing as a science did not appear until
many years after the steam engine
wa extensively adopted, and even
now has not entirely shaken off the
teakettle tradition.

In Franklin's kite experiment we
see scientific curiosity seeking to in
vestigate the phenomenon of light
ning and to correlate it with other
scientific information. By its very
nature electrical engineering requires
procedure from theory to applica
tion. No one ever observed an electric
conductor being repelled by a mag
netic field until Faraday set up the
experiment. The electric motor could
not possibly have resulted from the
intrusion of homely phenomena on a
fireside daydream.

A corollary of the scientific method
is a need of apparatus, and it is, there
fore, not surprising to find Franklin
importing Leyden jars and similar
apparatus at about the time of thc
kite experiment. As the electrical
engineering art developed there grew
up with it an increasing demand, first
for experimental, and later for meas
uring and testing equipment, until as
early as the 1870's commercial com
panies were able to concentrate on
electrical measuring equipment alone.

With this background in the older
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branches of electrical engineering it
wa natural that a need for measuring
equipment would be felt early in the
development of frequencies used for
communications. It was with this
need in mind that Mr. Melville East
ham organized the General Radio
Company in 1915. The Company was
founded with a distinct field in view.
It was desired to reduce mea uring

methods to practical commercial
forms of a type suitable for use in
everyday shop and commercial tests,
-a field which may well be de
scribed as tool making for the elec
trical engineer. This issue of the
EXPERI IE TER presents a group of
article which attempt to show some
of the more important developments
of the last twenty year .

DEVELOPMENT OF RECEIVER TESTING EQUIPMENT

W HILE testing methods for com
ponents and circuits were early

developments, the quantitative test
ing of complete receivers is a com
paratively recent growth. It must, in
fact, have been as late as 1928 that
the writer was told in all seriousnes
by' the engineer of an important
manufacturer that he believed it
would be necessary to buy a wave
meter very oon because the plant
wa then running twenty-four hours
a day, and it was difficult to find
broadcast tations in operation dur
ing the early hour of the morning in
order to check dial spreads.

At this period tests of complete re
ceiver were usually purely qualita
tive. The individual components were
checked and circuits were matched
carefully for tracking, but the com
pleted receiver as a general rule re
ceived only a listening test.

A principal reason for the delay in
the development of receiver-measure
ment methods which would permit a
quantitative rating of the instrument
was a lack of agreement a to the form
the rating should take. The problem
was rather unusual in that the radio

receiver is a power converter, but one
whose power efficiency gives no clue
to its performance. The problem was
complicated by the fact that the
method of rating to be devised must
not only be clear to the engineers, but
must be such as to provide a fair and
intelligible means of comparison be
tween receivers by a public entiJ:ely
unfamiliar with the aspects of the
problem and even with the technical
terms used.

Scientific popularizer were esti
mating receiver performance in terms
of power expended by a fly crawling
one foot up a window pane. While
graphic, evaluation of receiver per
formance in fly power was insufficient
to inform the purchaser as to the
satisfaction he might obtain from a
purchased receiver. The advertising
departments were more explicit and
rated their receivers, optimistically,
in terms of distances from which sig
nal could be received. There was
sound technical precedent for this,
since telephone equipment had been
rated in terms of miles of standard
cable, but the difficulties of defining a
standard radio-tran mission medium
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prevented any standardization on
such a basis. Furthermore, the world
was too small to give proper play to
the competitive advertising imagina
tion.

The confusion was finally resolved
in the Standardization Report of the
Institute of Radio Engineers pub
lished in preliminary form in May of
1928. This report recognized the
necessity of rating receivers in terms
of three characteristics-sensitivity,
selectivity, and fidelity-and set up
standard methods of procedure to
establish such values.

Measurement of sensItIvIty and
selectivity required the setting up of
an entirely new type of apparatus,
since it involved the measurement of
radio-frequency voltages of the order
of a few microvolts. An approach to
this problem had been made by Eng
lund, Friis, and others several years
earlier in connection with field
strength surveys. The method con
sisted of producing the radio-fre
qllency voltage at a level which was
readily measured with a high degree
of accuracy, and then subdividing the
known voltage through a suitable net
work sufficiently to obtain the re
quired small voltages which then al
lowed the measurements to be made
by direct substitution. Obviously, the
method is subject to the objection
that the standard low voltage can be
no more accurate than the subdivid
ing network. This objection underlies
all receiver sensitivity measurements
at the present time. Networks of
quite different type incorporated into
equipment of different manufacturers
do, however, give fair agreement at
voltages of a few microvolts, whence
it may be reasonably assumed that

Tbe first commercial Standard-Signal Gener
ator, General Radio TYPE 403-A, November,

1928

these values are accurately known.
The problems of signal-generator

development were centered in the at
tenuator. The General Radio Com
pany selected the resistance type of
attenuator as the most promising ap
proach to the problem at broadcast
frequencies, and development was
rapidly pushed ahead during 1928 on
a signal generator which would be
suitable for the evaluation of receiver
characteristics as defined by the In
stitute of Radio Engineers' Standards.

The TYPE 403-A Standard-Signal
Generator was described in THE
GENERAL RADIO EXPERIMENTER in
November, 1928. This instrument, de
signed by Dr. Lewis Hull, was, we
believe, the first standard-signal gen
erator to be commercially available,
and it opened up an entirely new field
of receiver measurements.

The TYPE 403-A Standard-Signal
Generator consisted of a radio-fre
quency oscillator with an audio-fre
quency modulator. The output of the
oscillator was impressed across a
resistance attenuator, permitting the
reduction of the output voltage to
small values and its adjustment over
a wide range.
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The increa ing use of other than
broadcast frequencies later dictated
design changes in the earlier TYPE
403-A Generator. Higher frequencie
and lower output voltages, as well a
more evere demands for accuracy,
were straining the pos ibilities of thc
original403-A design rather seriously.

All of thesc factors led to the aban
donment of the TYPE 403-A desi~n

and the introduction of the TYPE 603

The second step, TYPE 600-A Standard-Signal
Generator, for rapid measurements on broad
cast receivers at selected frequencie3, August,

1931

Signal Generator early in 1932. n·
nounccment of the new instrument
was carried in the :\'lay, 1932, i ue of
THE GE ERAL RADIO EXPERD1ENTER.
The fundamental element of the
earlier signal generator were repeated
with many refinements in design. In
the atLenuator especially an entirely
new type of mechanical design was
followed.

During this period a development
of thc ultra high-frequency bands
similar to that earlier taking place in
the broadcast bands was in progres .
A development of these bands settled
down to a commercial basis, a means
of evaluating receiver performance

A simuLtaneous development for servicing and
testing over a widc frequency range, the TYPE
601-A Standard-SignaL Generator of Jllly,1931

in them was demanded. This was met
in February, 1933, with the announce
ment of the TYPE 6D4-A Te t-Signal
Generator. This instrument did not
replace the TYPE 603, but merely sup
plemented it by covering frequency
bands where the 603 could not pos
sibly be used. It was recognized that
performance mea urements at ultra
high frequencies could not have a
high precision at the present tate of
the art, and a rather simple and inex
pensive type of instrument was, there
fore, developed. The familiar design
pattern of modulated 0 cillator and
attenuator was, however, again fol-

The modern lahoratory standard, the General
Radio TYPE 603-A Standard-Signal Generator
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lowed. One important departure from
previous practice was required. A
condenser type of attenuator was
found to give more satisfactory opera
tion at frequencies above 20 mega
cycles than the resistance type used
in the earlier signal generators, and
this type of network was substituted.

While laboratory measurement
technique was being worked out, a
parallel development in factory in
spection and test methods was re
quired in order that the higher stand
ards of performance could be trans
lated into actual production perform
ance. The testing and inspection set
up projected for the radio-receiver
plant of the Victor Company (1929)
at Camden was probably the earliest
and certainly the most ambitious
quality control set-up for that day.
The receiver was broken down into
l'adio-frequency and audio-frequency
ections, and each portion was sub

jected to exhaustive tests which were,
however, reduced to such simple
terms that unskilled testing personnel
could be trained to make the tests
very quickly.

This test equipment, designed and
built by General Radio, provided for
a complete response test of each re
ceiver. The test method was simple
and rapid, and a comparatively small
number of test panels were required
to handle the production schedule of
2000 receivers per day.

Measurement methods for tests of
receiver fidelity have been gradually
developed until a very complete eval
uation of the frequency response and
harmonic distortion of the entire re
ceiver or of component parts can be
made. One of the earliest fidelity test
ing instruments was the TYPE 355

"7ith an eye to the future, the TYPE 604·B
Test.Signal Generatorfor uhra.high.{requency

work

Transformer Test Set which was de
signed for the measurement of indi
vidual audio transformers.

The development of vacuum-tube
oscillators for audio frequencies was
largely an outgrowth of the demand
for better fidelity reproduction.
Audio-frequency vacuum-tube oscil
lators are such a laboratory common
place that it is easy to forget that as
recently as ten years ago they were
a comparative rarity. The first com
mercial vacuum-tube audio-frequency
oscillator available for general lab
oratory use in this country was the
TYPE 377 placed on the market by
General Radio Company in 1925. Pre
vious to that time such makeshifts as
phonic wheels driven by variable
speed motors were the only source of
variable audio frequency available.
The development and improvement
of audio.frequency apparatus lll

duced a decided demand for oscilla
tors capable of frequency variation
over this range, and the beat·fre
quency type of oscillator offered the
obvious advantage of single control for
rapid adjustment over wide ranges.
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The TYPE 713 Beat-Frequency Os
cillator just being announced is the
culmination of a series of beat 0 cil
lators reaching back about eight
years. It is remarkable in the high
voltage and power output for this type
of oscillator, as well a for an unusual
ly fine waveform.

Fidelity and gain measurements len
into many ramifications of apparatus.
An interest in wave distortion-that
is, harmonic generation-in tube and
amplifiers has been a comparatively
recent development. The cathode-ray
o cillograph ha been of great value
in rough measurements of this kind,
but the TYPE 636 Wave Analyzer pro
duces a complete and accurate analy
sis of a distorted waveform, showing
harmonics of magnitude far too small
to be detected in an oscillogram. This

The TYPE 377-B Low-Frequency Oscillator
generates audio and carrier frequencies up to

seventy kilocycles

instrument is probably the most
specialized and highly developed in
our line, and well serves as a tangible
monument to our twenty years.

A perfect combination for audio-frequency measurements. On tbe left tbe newest beat-fre
quency oscillator, General Radio TYPE 7l3-A, and on tbe right tbe TYPE 636-A Wave Analyzer

for barmonic analysis
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ALTERNATING-CURRENT BRIDGES

7

THE development of bridge circuits
constitutes a particularly good \ il

lustration of the working out of the
objectives of the General Radio Com
pany. At the time of the founding of
the Company the fundamental bridge
circuits were well known. The Wheat
stone Bridge was, in fact, first de
scribed in 1833. Standardized com
mercial bridges were, however, not
extensively available at low prices. In
fact, there seems to have been no
American manufacturer of alternat
ing-current bridges at that period, al
though English and Continental firms
were listing them.

The purpose of the General Radio
Company was to make commercially
available established types of meas
uring equipment which would be
manufactured on a standardized basis
applying, so far as possible, mass-pro
duction principles in this field. The
purpose was to place the burden of
thought and planning on the designer
and manufacturer, leaving the user of
the equipment free to devote his full
attention to the main objectives of his
investigation undistracted by the ne
cessity of coddling his equipment, and
to remove accurate laboratory and
shop measuring equipment from the
luxury class.

Marked emphasis is lent to the con
trast between this conception and the
then current view by the practice of a
leading English manufacturer of lab
oratory equipment. As a deliberate
policy, parts and instruments were
made non-standard, screws were sep
erately cut on a screw-machine with
differing threads so that if any part
were lost or broken the instrument

would have to be sent back to the
manufacturer for hand-fitting of new
parts.

The bridges of the period were
mostly of the once familiar type, dis
playing panels studded with large,
highly polished brass blocks, connec
tions being made by the insertion of
tapered plugs between the blocks, al
though the dial-decade type of bridge
had heen introduced and was avail·

Even decade-resistance boxes improve. The
latest TYPE 602 right is completely shielded,
has better switches, contacts, terminals, wir
ing, and card construction than the older

TypE 102 left

able in a direct-current bridge (the
well-known TYPE K Test Set) manu
factured by Leeds and Northrup.

Most of the bridges offered for
measurement of inductors and capac
itors operated on pulsating rather
than alternating current. A basic re
quirement for a satisfactory bridge to
operate at 1000 cycles or at higher
audio frequencies is a type of resis
tance which can be used in the ratio
arms without introducing frequency
errors. The earlier alternating-current
bridges were of the slide-wire type us
ing a straight resistance wire with a
slider as the ratio arms of the bridge.
The Ayrton-Perry type of winding,
which is nonreactive at audio frequen-
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The TYPE 193 Decade Bridge, an intermediate
stage in the extension of the decade bridge

to altern aling-current measurements

cies, was first introduced in General
Radio resistance boxes in our familiar
TYPE 102. With this type of winding
it wa po sible to build up non
reactive resistors of large values,
greatly e tending the possible range
and flexibility of bridges over the
slide-wire type. Thi was very quickly
followed by an impedance bridge
which con isted of ratio arms and a
power-[actor arm 'with provision [or
connecting unknown and tandard.
A redesign of this bridge became the
TYPE 193 with which many commer
cial and educational laboratol'ie

The TypE 293 Universal Bridge has a greater'
nexibility of arrangement of the arms and the

er.closed-contacl construction

were equipped. It gave way a few
years ago to the TYPE 293, a bridge
o[ similar general characteristics but
so designed that all impedances
would terminate on the panel so that
all types o[ standard bridge circuits
could be set up,

Mea3urement of power [actor of
insulating materials was another of
the problems which was approached
in the early years of the Company.
The TYPE 216 Bridge was evolved for
this purpose and has been the stand
ard method of precise power-factor
determinations [or many years.

The refinement of decade bridges leads to specialized impedance bridges of greater usefulness
in smaller fields, s'lch as th~ TYPE 216 Capacity Bridge left, and the TYPE 650-A Impedance

Bridge right
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Particular measurement problems
have called forth a number of bridges
of special design to meet them. These
have included bridges for the direct
measurement of capacitance, for
trimming gang condensers, and for
measurement of electrolytic condens
ers. The latest development of this
type of instrument i the TYPE 650-A
Impedance Bridge, which comprises
in a single unit bridge elements and
standards for measurements of induc
tance, capacitance, and resistance over
wide ranges. This instrument is the
culmination of a long effort in the
simplification of bridgemeasuremen ts.

The measurement of vacuum-tube
constants necessitated the develop
ment of another group of highly
specialized bridges. The early TYPE
361 was made obsolete by the rapid
developments of multi-element tubes

The TYPE 561 Vacuum Tube Bridge bas ade
quately survived all tube developments since

its introduction in May, 1932

beginning in 1930. The TYPE 561
Vacuum-Tube Bridge, which supple
mented it, was designed with the
object of providing for all pos ible
tube development for a long time 10

come. So far it has accomplished this.
Even the new metal tubes can be tak-

en care of by means of a simple
adapter.

While rapid and continuous prog
re s was made in the development of
bridges for all types of 10aO-cycle
measurements, commercial apparatus
for bridge measurements at radio £re-

Ten thousand megohms on a bridge! - by
means of the vacuum tube used in the TYPE

544 Megohm [eter

quencies proved a more difficult prob
lem. Ju t as the Ayrton-Perry resis
tance-winding development clearcd
the way to the 1000-cycle bridges,
compensated decades eventually made
possible bridges for use at radio fre
quencies. In these resistance units the
small residual inductance, which the
most careful design could not elim
inate from the standard type of card.
i held con tant regardless of dial set
ting and can be eliminated in a bridge
circuit by a preliminary balance.

The use of the compensated cards,
together with other refin mcnts of
bridge technique, made possible the
TYPE 516 Radio-Frequency Bridge,
which was announced in 1933. Prior
to this time bridge methods had not
been developed to a point where they
could be trusted at radio frequencies.
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The TYPE 516-C Radio-Frequcncy Bridge
measures impedances directly at frequencies

up to 5 megacycles

Substitution and voltammetcr meth
ods had persisted in this high-fre
quency region long after they had
been abandoned elsewhere.

The compensated resistor also made
possible the construction of a bridge
(TYPE 667) for another particularly
difficult problem, the measurement of
a small inductance associated with a
comparatively large resistance. This
is characteristic of radio-frequency

coils measured at audio frequencies.
Although the commercial develop

ments of bridge circuits briefly
sketched here have made available
an extensive line of reliable, easily
operated equipment, the increasing
ly severe requirements of industrial
measurements indicate that bridge de
velopment must be continuously car
ried forward, and it is, in fact, at this
lime one of our most active programs.

The latest development in measuring small
inductances, the TYPE 667-A Inductance

Bridge, June, 1935

FREQUENCY MEASURING INSTRUMENTS

IN 1915, the standard frequency
measuring device was the tuned

circuit wavemeter. The parallel-wire
systems used by Hertz, Marconi,
Lecher, and others had, with the in
troduction of longer and longer
wavelengths, been displaced by vari
ous types of coil and condenser com
binations, either or both elements of
which were adjustable. General Radio
has brought out over twenty dill'erent
wavemeter models, of which a few
may be mentioned as of interest here.

One of the earliest was the TYPE
105, brought out late in 1917, which
included plug-in coils, buzzer, crystal
detector, and telephones. Provision
also was made for the use of a thermo
couple and galvanometer, or a neon
tube as the resonance indicator.

The Kolster Decremeter was one of
the first commercial instruments
fitted with a variable condenser hav
ing specially shaped plates to obtain
a desired relationship between fre
quency (wavelength) and scale read-
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Still modern after fifteen years, the current
demand for the TYPE 224 Precision \~'ave.
meter pays tribute to tbe excellence of tbe

origiual design

ing. With the widespread use of con·
tinuous wave transmitters, the de
cremeter has fallen into disuse.

The TYPE 224 Wavemeter wa one
of the first commercial models (about
1920) incorporating the features of
precision variable conden er con
struction and worm drive. The worm,
drive condenser had a scale of 2500
readable divisions, an increase of ten
times, or more, over contemporary
models.

The TYPE 574 Direct-Reading
Wavemeter incorporated the novel
arrangement of using plug-in coils,
each carrying its direct.reading cali
bration engraved on the coil form.
The po sibility of making an error in
reading is greatly reduced, since there
is but one scale in place of the usual
arrangement of several in direct·
reading multi-range instruments.

Practically all of these earlier in
struments were calibrated by refer
ence to ome other instrument of the
same or similar type, whose calibra
tion had been in turn determined by
reference to some other instrument,

and so on, ad infinitum. \Vhat with
the defects of design, errors arising
from hipment, aging, temperature
changes, and so forth, it i not surpris·
ing that there was a disappointing
lack of agreement among various in
strunlen ts.

Early in the 1920's standard fre
quencies were transmitted by the U. S.
Bureau of Standards based on their
standard wavemeter. uch transmis
sions had the great advantage of
bringing the frequency standard, so
to speak, into the laboratory of the
user, and, further, brought a consid·
erable improvement in the uniform
ity of results, since workers in many
loca tions were able to make use of a
single standard.

It was only when the standard
wavemeter was replaced by oscillators
of relatively high frequency stability,
with means for determining the fre
quency directly in terms of time, that
the precision of frequency measure
ments began to make rapid progress
toward the high accuracies now pos
sible.

The TYPE 574 Direct-Reading Wavemeter
combines accuracy witb rapidity of setting

Thus the use of piezo-electric
quartz cry tals for the frequency sta
bilization of radio-frequency oscil·
lators in the early 1920's marks an
important milestone in frequency
lneasurements.

The first commercial piezo-electric
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oscillator appeared in 1924, known as
the TYPE 275. This instrum nt served
a either a laboratory standard or as
a frequency monitor. In the latter
capacity it gave satisfactory perform
ance down through the days of the
500-cycle tolerance in broadcasting.
In this early work General Radio
Company [urni hed the 61' t quartz
crystals to be used in controlling the
frequency o[ a broadcast station
(WEAF, 1923) and the first cry tal
used in commercial radio transmitters
(RCA, 1923).

With demand [or higher accura
cies, the shortcomings of the early
piezo-electric oscilla tors were ovcr
come hy progressive im provements

The early TYPE 275 Piezo-Eleclric Oscillator
made no provision Cor lemperature control of

lhe Quarlz Plale

in the cutting o[ the quartz pIa tes, in
the mountings and circuits, and in
temperature control. As a result the
accuracy was improved from 0.17c to
0.001'7c, and imultaneously the con
venient improvement of a-c operation
was included.

Early experimental determination
of frequency in terms of time forecast

The TYPE 4J 1 ynchronolls Molor inlegrated
applied frequencies lo give an absolute evalua

lion in terms of sundard lime

the development of the primary
standard of frequency. In 1859 Fed
derson uscd a rotating mirror to
photograph a spark discharge and
prove the oscillatory character of the
discharge. By timing the rotation of
the mirror, in tcrms of a tuning fork,
Pierce was able to ohtain a measure
of the frequency of the park oscilla
tion , in 1915. By photographing the
o cillations of an oscillator operating
at a submultiple of the frequency of
a quartz crystal oscillator and super
imposing a timing record of pulses
obtained from a chronometer, Pierce
obtained a measure of the frequency
in t rms of time (about 1923) hy
counting the numher of cycles per
unit time and multiplying hy the
number of the harmonic of the oscil
lator controlled hy the crystal.

In 1919 Abraham and Block de-
cribed the "multivibrator," a type

of relaxation oscillator having an out
put "rich in harmonics." This device
was used to multiply frequencies by
harmonic methods to obtain low and
medium radio frequencies from an
audio-frequency standard oscillator,
such as a tuning fork. A little later,
Dye incorporated such a standardiz-
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ing equipment in a heterodyne fre
quency meter. Later it was found'::'
that the multivibrator lent itself
particularly well to the division of
frequencies. That is, on the introduc
tion of a voltage from a piezo-electric
oscillator, the frequency of the multi
vibrator could be stabilized by the
piezo-electric oscillator, even though
the frequency of the piezo-electric
oscillator was several times higher
than the fundamental frequency of
the multivibrator.

The TYPE 411 Synchronous-Motor
Clock was brought out in 1926 and
an early model was used by MalTi
sont in his work with the precision
tuning fork standard at the Bell
Labora tories.

The elements of the primary fre
quency standard were by now at
hand: The piezo-electric oscillator of
high frequency stability as the stand
ard; the multivibrator as a frequency
divider, to bring the radio frequency
standard down to frequencies suit
able for u e in synchronous motors of
the impulse type, and the synchro
nous-motor clock for counting the
number of oscillations executed by
the piezo-electric oscillator in a given
time interval.

The first commercial primary fre
quency standard was the CLASS C-21-H
brought out by General Radio Com
pany in 1928. This laboratory fre
quency standard had an accuracy of
one part in a million (0.0001 per
cent), furnished hundreds of stand
ard frequencies throughout the radio
frequency spectrum for measurement

• "UniverJ:ul Frequency SIs.ndardi7.31ion from a Sin~le.

Frequency Source," J. K. Clapp, Journal of the Opllcal
SOciely of Amedta and Review of Sciell~ific Instrumenls.
July. 1927.

t "Precision Determination of Fre:ruen('y." J. W. Hor
Ion and \lI. A. Marrison, Proe. 1 R.E., February, 1928.

The final development, the Primary Standard
of Frequency, accurate to within 5 parts in
10 million, Left, and its aux.iliary frequency.

measuring equipment, right

use, and provided means for compar
ing the time of the crystal controlled
clock with time signals to within 0.01
second. Later models yield an ac
curacy of a few parts in ten million.

Interpolation instruments for meas
uring frequencies in terms of hal'
monics supplied by the primary
standard have been developed, by
means of which frequencies from a
few kilocycles to several megacycles
can be measured with an accuracy of
a few parts in one million.

Equipment of this type has been
widely used in government and com
mercial services all over the world.
Interesting applications, in addition
to the normal uses for frequency
lneasurements, have been in the 111eaS
urement of bullet velocities, the
measurement of velocity of light, and
as precise standards of time.
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ELECTRICAL MEASUREMENTS IN THE RADIO
BROADCASTING STATION

IT is significant that the two portions
of the radio industry which are

most important from the economic
standpoint (radio broadcasting and
radio receiver manufacture) have
been responsible for a major portion
of the technical advances and instru
ment design in communication-fre
quency measurements during the last
ten years. The radio broadcasting in
dustry, in particular, affords an out
standing example of the way in which
technical developments are condi
tioned and even forced by economic
factors.

The operation of a modern radio
broadcasting station involves, as a
matter of routine, the mea urement of
many electrical quantities such as
audio-frequency and carrier power
levels, frequency, modulation level,
noise level, and harmonic distortion,
as well as the measurement of all
operating voltages and currents in
vacuum tube circuits. The design of
equipment for broadcasting station
use has tended always toward auto
matic or direct-reading instruments
which require a minimum of atten
tion on the part of the operator.

The two major assets of a radio
broadcasting station are its operating
license, which is granted by govern
mental authority, and its coverage,
that is, the number of listeners which
it can reach. To retain the former and
to increase the latter are the two
factors which mean the most, econom
ically, to the station.

The granting of an operating li-

cense to the broadcasting station is
contingent upon the observance of
certain rules and regulations govern
ing frequency, output level, quality
of output, and operating procedure,
specified (in this country) by the
Federal Communications Commis
sion. Operating within these specified
limits, particularly at a specified
carrier power level, the station which
can operate with the highest percent
age modulation, the minimum distor
tion, and the best radiating system is
the one which, in terms of monetary
return, makes the best success as a
going concern.

One of the primary rules prescribed
by the Federal Communications Com
mission deals with the maintenance
of the operating frequency of the
transmitter within certain specified
limits. These regulations have been
responsible for the development of
the present technique of frequency
monitoring in broadcasting stations,
culminating in the visual-type, direct
reading, frequency monitor. The
constant narrowing of frequency tol
erances in the standard broadcast-

TYPE 375 Station Piezo-EJectric Oscillator,
the broadcast-station frequency monitor of

1926
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frequency band has resulted from the
continually increasing number of
broadcasting stations. With only a
few stations, it is not of primary
importance whether or not the trans
mitter frequency wander over a
considerable range. As the number of
stations increases, until one station is
operating on each available channel,
orne type of cry tal frequency moni

tor is required to prevent stations on
adjacent channels from interfering.
As the industry develops still further,
several stations operate on a single
channel, and the tolerances are
nanowed to the point where a di
rect-reading narrow range indicator

Visual indication of frequency deviation
arrived in 1932 in the TYPE 581 Frequency

Deviation Meter

is required, to prevent heterodyne
interference.

Other government rules deal ~th
such factor as power output, percent
age modulation, and harmonic dis tor-

The CLASS 730-A Transmission Monitoring
Assembly, introduced January, 1935, permits
rapid routine measurement of modulation,

distortion, and carrier noise

tion. The measurement of output
power, in one method at least, in
volves a knowledge of the constants
of the anteuna system. In the mea 
urements of the e con tant , particu
larly the resistance, older methods
have been used for some time. The
need for portable and direct-reading
equipment, however, has been an im
portant factor in the development of
the radio-frequency bridge and vari
ous types of specialized measuring
sets using substitution methods.

The regulations which deal with
percentage modulation specify only a
lower limit for the maximum modu
lation level which the transmitter
shall be capable of delivering. Here,
however, the station coverage can be
materially increa ed if a high per
centage modulation is possible with
out materially increasing harmonic
distortion. Laboratory instruments
for the measurement of percentage
modulation and harmonic distortion
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were developed and used in most
broadcasting stations. With the in
creasing demand for high-quality
transulission, however, automatic and
direct-reading equipment became nec
essary, and instrument. of the type
shown on page 15 represent the lat
est developments in this particular
field. With equipment currently avail
able, it is possible to make a complete
check on the quality of the output of
a radio transmitter, consisting of
measurements of modulation level,
harmonic distortion, and noise level,
in a few minutes. In addition, the out-

Tbe TYPE 457 Modulation Meter gives labo
ratory measurement o{percentage modulation

on positive or negative peaks

put level can be continuously moni
tOl'ed, giving the operator, at a glance,
a complete check on the operation of
his transmitter at all times.

Instruments for the measurement
of the quality of the output of a radio
transmitter, while showing the oper
ating condition, must, of course, be
supplemented by adjustments and
measureIuents in the various portions
of the transmitter itself in order to
locate and eliminate ources of im
proper operation. That section of the
transmitter which has received the
most attention is the audio-frequency

The TYPE 536 Distortion-Factor Meter mea
sures tbe 400-cycle distortion in an audio

frequency system

portion, conslstmg of microphone
pickups and amplifien, speech input
equipment, and speech amplifiers.

To muumize distortion in the
audio-frequency system, it is neces
sary that the audio-frequency power
level be continuously monitored at
various points in the system. The de
mand for moderately-priced and com
pact direct-reading instruments was
an important factor in the develop
ment of the copper-oxide-rectifier
type of power-level indicator which
is now almost universally used in the
broadcasting and sound motion pic
ture industries.

Since the beginning of commercial
radio broadcasting, General Radio
has supplied a large portion of the
measuring tools of the broadcast sta
tion engineer, One or more General

The TYPE 586 Power-Level Indicator program
monitors the audio-frequency level fed to the

transmitter
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Radio instruments, ranging from the
inexpensive microphone mixer con
trol to the direct-reading transmission
monitoring equipment, are in use to
day in practically all the broadcasting
stations of the United States. Many of
these instruments have been distinct
advances in the technique of a-c elec-

trical measurements, but it is to the
broadcasting industry, as the origina
tor of the demand for the application
of the advantages of direct-reading in
struments to precision methods of
measurement, that the radio art owes
much of its progress in the past
decade.

WHO'S WHO

W HY all this review of the art of
electrical measurements in the

field of audio and radio frequencies?
The purpose is to point out that, new
as this field is, the General Radio
Company is one of the oldest com
panies in it. On June fourteenth we
complete the second decade of our
existence.

Five years ago on the occasion of
the celebration of our fifteenth birth
day we devoted an issue of THE
GENEUAL RAOIO EXPEUIMENTER to de-
cribing the history of the Company

and to portraying by word and by pic
ture some of the personnel who make
up the organization. When recently
we contemplated repeating this pro
cedure, our printer looked over the
pictures of our staff as shown in that
issue of five years ago and remarked,
"The depression certainly has left its
Inark on some of you!" So great was
the shock to those of us who have been
priding ourselves on retaining our
youthfulness that we decided it might
be better not to let our readers see
how old and decrepit we had become.

Consequently, the 1935 edition of
·'Who's Who at General Radio" fol
lows the traditional form of such pub
lications and contains no pictures.
Because we are fundamentally an en-

gineering organization, and because
the EXPERIMENTER readers are largely
engineers, our word portraits will be
limited principally to members of
the engineering group.

We are most happy to state that all
of those listed in the issue of five years
ago are still living and, with the ex
ception of J. W. Horton, are still with
us. Mr. Horton has given up his
executive work to devote his time en
tirely to research and is now a research
associate at the Massachusetts Insti
tute of Technology, doing a most
promising piece of work in the field
of bio-physics, on which problem this
Company is co-operating.

We are also glad to say that Knut
A. Johnson, the first employee of the
Company, is still with us.

Although the Company has no
definite unemployment plan, it has
long had such a problem in mind in
the maintenance of reserves, which
have made it possible during the past
five years to keep the entire organiza
tion together. Only for a brief period
of time did the employment hours
drop to 60'70 of normal, and, except
for a few workers taken on in 1929,
no employee was dropped because of
declining bu iness.

The officers remain unchanged.
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Henry S. Shaw continues as Chairman
of the Board of Directors. Although
he doe not take part in the active
details of management, Mr. Shaw is
at the Company offices several days
each week and, in addition to main
taining a keen interest in apparatus
development, particularly in the field
of ultra.high frequencies, has through
his personal generosity made pos
sible the e tablishment of a fund
available for the general welfare of
employee and their families.

The General Radio Company owes
its very existence to its President,
Melville Ea tham. It was he who
founded it, and it is he who has led
it through the varied transitions of
the past twenty years. No more apt
description of his duties can be found
than by repeating what was written
of him five years ago: "His activities
. . . , however, are not properly de
scrib d by hi title, for he is rarely
found at hi presidential desk. His
interests are almost exclusively in en
gineering work, and he may u ually
be found in his research laboratory,
except during the summer, when he
takes a long vacation, generally on the
Pacific Coast or in Europe." That the
remarks of the printer may not be
taken too seriously, let it be recorded
here that both the Chairman of the
Board and the President have just ar
rived at that ripe old age of half a
century.

In charge of all manufacturing and
plant operations is Vice-President
E. H. Locke. On him is placed all
blame when deliveries are low, and
his good work is too easily forgotten
when the Commercial Department
finds itself overstocked. Seventeen

years of association with the Com·
pany, fifteen of which have been in
charge of manufacturing, have, how·
ever, done much to reconcile him to
the small amount of help and of ap
preciation he may ever expect from
those responsible for customer con·
tacts.

Like Messrs. haw and Locke, H. B.
Richmond, the Company's Treasurer,
joined Mr. Eastham when the years
of the Company were still being
counted on the fingers of one hand.
It seems to be a habit of officers of the
General Radio Company, regardless
of title, to be closely associated with
engineering, thus Mr. Richmond, in
addition to his usual duties as Treas·
urer, watches over those phases of
engineering pertaining directly to
customer relationship , which, in our
organization, is just a long way of
saying sales.

Before apparatus can be manufac
tured it must be de igned. After
agreement among a conference group,
at which specifications and other im
portant limiting factors, including
probable price, are agreed upon, the
development and actual design are
carried out by an engineering group
known as Development Engineering.
This group is headed by Mr. East
ham, assisted by Eduard Karplus,
who received his Dip!. Eng. from
the Technische Hochschule, at Vien
na. The work carried on by the vari·
ous engineers in this group is too
varied to attempt to give any details
of their specific activitie . It perhaps
is sufficient to state that most of the
new items listed in our newly pub
lished Catalog H are the product of
the engineers in this group, which
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includes: L. B. Arguimhau, S.B., Har
vard; A. G. Bousquet, B.E.E., Tufts;
J. D. Crawford, S.B., Massachusett
In titute of Technology; H. W. Lam
son, S.B., Massachusetts Institute of
Technology, A.M., Harvard; and
W. . Tuttle, Ph.D., Harvard.

Oftentimes a standard item i the
result of work which originated in
connection with some customer prob
lem. For this reason a con iderable
number of our instruments have been
developed by members of a second
engineering group, known as the Gen
eral Engineering Department. \Vhile
this group is under the general direc
tion of Mr. Richmond, its administra
tion is actively carried out by C. T.
Burke, S.M., Massachusetts Institute
of Technology, whose title is that
of Engineering Manager. As many
EXPERIMENTER readers know mem
bers of this group through personal
contact or through cOlTespondence, it
seems appropriate to note the par
ticular functions of the various en
gineer within this group.

A. E. Thiessen, B.E., Johns Hop
kin, is the engineer in charge of
Government activities and, in gen
eral, quantity special-problem items.
He, too, has supervised the develop
ment of some items that have found
their way into the catalog.

R. F. Field, A.M., Brown and Har
vard, is familiar to many EXPERI
MENTER readers for his work in bridge
measurements and allied subjects.
Nearly all the new bridges and asso
ciated equipment appearing in our
recent catalog have been developed
under Mr. Field's direction.

o one at General Radio can think
of frequency standardization without

thinking of it in terms of J. K. Clapp,
.M., Massachusetts Institute of Tech

nology. A very considerable number
of the broadcast stations in the United
State have frequency-monitoring
equipment developed by him, and it
is the boast of the Company that the
sun never sets on Mr. Clapp's pri
mary-frequency standards, so world
wide is their distribution.

How much is it going to cost? That
answer usually comes from P. K. Mc
Eh·oy, A.M., Harvard. early all
items of special manufacture and
changes from standard design have
their costs estimated by Mr. McElroy.
To him also falls the lot of directing
the final engineering design of much
of Mr. Thiessen's special contract
work.

If it must be made in a hurry, it
goes to H. S. Wilkin, S.B., Massachu
setts Institute of Technology, and his
model shop. ot only does Mr. Wil
kins handle individual customer prob
lems, but nearly all our own first
models are produced in his group.

Who publishes the EXPERIME 'TER?
C. E. Worthen, S.B., Massachusetts
Institute of Technology, and he does
a whole lot of other things, too, that
make it easier for General Radio cus
tomers to know what we make and,
after a purchase, how to make the ap
paratus work.

If your name is not correctly listed
in our mailing files, blame J. M. Clay
ton, of Cornell. If you do not like our
advertisements, tell M:r. Clayton, be
cause he is respon ible for the prep
aration of most of them as well.

Joining our staff only a year ago is
Frank L. Tucker, B.S., University of
Texas; M.B.A., Harvard Bu iness
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School. ir. Tucker devotes his time
to a tatistical analysis of all costs,
devoting particular attention to those
pertaining to all forms of engineering
in order that they may be properly
allocated to their respective instru
ments.

Jut a year ago it seemed advisable
to have a ew York engineering office
to assist our metropolitan customers
in the solution of technical problems
involving our equipment. For this im
portant post M. T. Smith, S.M.,
Massachusetts Institute of Technol
ogy, was selected, and he is already
familiar to many General Radio
friend in the New York district.

Others in the General Engineering
Department who are devoting their
time to helping customers in their en
gineering proble.ms and who also are
watching out for methods of improv
ing our product are H. H. Scott, S.M.,
Ma sachusetts Institute of Technol
ogy; W. G. Web tel', S.M., Massachu
setts Institute of Technology; and
F. Ireland, A.B., Harvard.

Also under the nominal supervision
of Mr. Richmond but actively and
ably administered by its chief, C. E.
Hill , Jr., B.E.E., Northeastern, with
title of Commercial Manager, is the
Commercial Department. From the
customers' viewpoint this is one of our
most important groups, because here
takes place the handling of all orders
and the accounting associated with
them. Directly handling the orders is
H. P. Hokanson, and when exchange
or servicing is necessary thi work
comes to the attention of H. H. Dawes.

The accuracy of the accounts IS the
responsibility of A. W. Lufkin.

This Company has long taken
great pride in the packing of its ap
paratus for shipment. Thi work has
been ably directed for more than
three quarters of the Company's exist
ence by F. W. Beck.

Associated with Mr. Locke on pro
duction problems is a competent staff,
some of whom, too, have likewise re
ceived an engineering training. The
nature of their work is, however, so
interrelated that it will not be de
tailed here.

Labor turnover continues to be
very small. In spite of the fact that
during the past year there was an in
crease in employment of 14910 from
the average level of the preceding
four years, 8170 of the entire organi
zation have been with the Company
over five years. In fact, 4170 have over
ten years of service to their credit.

The Company has been operating
under the Scientific Apparatus Mak
ers' Code, but its own conditions re
garding hours and rates of pay had
long anticipated code requirements.
In fact, a five-day week with full pay
on holidays, and with time-and-one
half pay for overtime, has been in
force for nearly sixteen years. Every
employee who has been with the Com
pany one year receives two weeks'
vacation with pay each summer. Free
medical consulting service and aid in
the event of unusual illness are also
provided. The employees have their
own Mutual Benefit Association and
operate their own Credit Union.

~

G(:N(:RAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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WIDE-RANGE TRANSFORMERS

[I~i] ASED on ori~nal cleoign'

B of the engineers of Wired
Radio, Inc.,* the General

........=== Radio Company has de
veloped a new line of transformers
characterized by their extremely wide
frequency range.

The characteristics of these three
transformers are shown in Figure 1,
Figure 2, and Figure 3. The TYPE
741·G Line-to·Grid Transformer has
a flat frequency response within 2
decibels from 35 to 22.5,000 cycles. It
will be noted from an examination
of the curve that the characteristic
does not deviate from a linear re
sponse anywhere below 200,000 cycles
except for gradual falling off of the
low frequency response below 100
cycles.

The TYPE 741·) Interstage Trans
former is flat within 2 decibels from
70 to slightly over 200,000 cycles.
This curve was taken with the
transformer operating from the

• Mr. R. D. Duncan, Chief Engineer, Mr. H. R.
Butler. Engineer. Wired Radio, Inc., Ampere. New
Jersey. Patent No. 1,983,657; December 11, 1934.

plates of 56·type tubes operating in
push.pull and into the grids of the
tubes in the following stage connect
ed in push.pull. The same character
istic would be obtained when opel'·
ating from tubes or any other bal
anced impedance of the order of
10,000 ohms. When operating from
lower impedances than this, the low
frequency characteristic is improved
correspondingly. As might be ex
pected, a uniform wide frequency re
sponse with these transformers is
most difficult of achievement when
the impedances between which they
work are highest.

The TYPE 741·P Tube-to·Line
Transformer has a flat frequency reo
sponse from less than 20 cycles to
about 200,000 cycles. The input cir
cuit in this case is a pair of 56. type
tubes in push.pull, and the terminat
ing impedance 500 ohms, resistive.

Many uses for such transformers
are immediately suggested. With the
cathode-ray tube available as an ac
curate oscillograph, voltmeter, or
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FIGUHE 1. Frequcncy characteristic TypE 741-G Line-to-Grid Tran formcr. Voltage
stcp-up ratio 1 : 6.4

rREQUENCY IN CYCLES

FIGURE 2. Frequency characteristic TYPE 741-J Intcrstagc Transformer. Voltage ratio 1 : 1

f'REQUENCY IN CYCLES

FIGURE 3. Frequency charactcristic TypE 741-P Platc-to-Linc Transformcr. Voltagc
stcp-down ratio 6.35 : 1

ammeter for the high-frequency
ranges, the investigation of supeI'
audible or low radio-frequency phe
nomena is greatly facilitated by the
u e of these transformers in ampli
fiers for the operation of cathode-ray
tubes.

These transformers faithfully re
produce without attenuation all the
frequencies of a wide frequency
spectrum. With more and more in
terest constantly developing in high
quality sound reproduction, these
transformers fill an important need
in wide-range audio systems.

In experimental television appli
cations, an acceptable picture can be
transmitted over a 200,OOO-cycle band
width. This band is frequently ade
quate for fair pictures and particu-

lady for experimental investigation.
Many other applications will suggest
themselves to engineers and experi
menters carrying on investigations
which require the amplification of a
wide band of frequencies including
the audio spectrum.

A high-permeability nickel-iron al
loy is used for the core material.
Similar alloys have been considera
bly used for core material where
their high permeability is helpful in
obtaining wide frequency-response
transformers. It, however, has one
characteI'istic which makes it neces
sary to handle it carefully in the
usual vacuum-tube circuits- that is,
that magnetic saturation of the core
occurs at very low values of ampere
turns. One of the important reasons
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FIGURE 4. TYPE 741-G Transformer. The same
size cast-aluminum case is used for a 11 three

models

why these wide-range transformers
must be used in push-pull circuits is
to cancel any direct current flowing
in the plate circuits of tubes from
which the transformers are operated.
A current unbalance between tubes
of 1 or 2 milliamperes will not affect
the magnetic characteristics, but it is
essential that the unbalance plate
current does not exceed this value.

The principal feature of these new
transformers and that which re
quires much attention in their design
is the structure of the coil and the
core so that leakage reactance and
distributed capacitance are reduced
to the lowest possible values. The

question of the electrical balance be
tween the various sections of the
winding is important, and that is a
second reason why it is necessary, in
order to obtain the best possible fre
quency characteristic, that the trans
formers be worked in balanced or
push-pull circuits.

As described above, three standard
models are now available:

(1) TYPE 741-G, SOO-600-ohm line
to push-pull grids

(2) TYPE 741-J, interstage push
pull plates to push-pull grids

(3) TYPE 741-P, push-pull plates
to SOO-600-ohm line.

One of the completed transformers
is illustrated in Figure 4. All models
are housed in cast-aluminum cases.
The cases provide excellent shielding
for frequencies above 1000 cycles and
are particularly useful in reducing
inductive feed-back which may cause
"singing." The cases are also excel
lent shields against other high-fre
quency disturbances such as the
usual laboratory noises caused by
circuit breakers, switches, etc., all of
which are bothersome, particularly
when a wide frequency range is be
ing used. Cast iron is a somewhat
more effective shield at 40-180 cycles
than is aluminum. Such cases can be
provided on special order, but gener
ally it has been found that power-line
hum interference is less serious than
that produced by other sources.

-ARTHUR E. THIESSEN

Type Code Word Use Net Weight Price

741-G WIDTRANANT L to G 2Y2 pounds $22.50
741.J WIDTRANBOY Interstage 2Y2 pounds 22.50
741-P WIDTRANCAT P to L 2Y2 pounds 22.50



4 THE GENERAL RADIO EXPERIMENTER

BEAT-FREQUENCY OSCILLATORS

Anlong the new instruments re
cently announced is a beat-fre
quency oscillator (TYPE 713)
which replaces the TYPE 513.
The development of new type
of tubes has made possible an
oscillator of improved charac
teristics. The outstanding char
acteristic of the new oscillator is
its power output, two walls,
co.nbined with excellent wave
fOrln. The power, adequate for
all usual laboratory needs with
out amplification, has, we be
lieve, never before been avail
able in a laboratory oscillato,'.

The design of an oscillator of
this beat-frequency type al
ways presents lllany problems,
In the following article M".
Arguimbau, the designer, de
scribes some of the interesting
features of the new instrulllent.

THE general characteristics of beat
frequency oscillators are well

known. The outputs of two oscilla
tors of high frequency are mixed in
a modulator, and the difference fre
quency, after being filtered, is ampli
fied and used as a source of alternat
ing current. The system has two im
portant advantages: the difference
frequency can be controlled over a
wide range by a single control with
out the use of large inductors and
condensers and the output is approx
imately constant as the frequency is
varied. On the other hand, certain
drawbacks of such a system will ap
pear upon examination. Among the
troublesome factors which have con-

tributed to make the beat-frequency
oscillator one of the most difficult of
design problems are: distortion in
troduced by the detectors, the pres
ence of miscellaneous high-frequency
products in the output, and the diffi
culty of getting a 10-cycle output
when a change of 0.1% in the oscil
lator frequency make a change of
200 cycles in the output.

As has been pointed out, the fre
quency stability of both oscillators is
of primary importance in the design,
since the output frequency is neces
sarily far less stable than that of the
component oscillators, and yet sta
bility of the output frequency is an
essential characteristic of the instru
ment.

One of the chief difficulties which
have been experienced in making
stable oscillators has been the flow
of grid current in the oscillator cir
cuit. While circuits can be made
stable where grid current is present
by properly arranging the tuned cir
cuit., the use of a pentode circuit
which is entirely free from grid cur
rent has so simplified the problem
that frequency stability becomes
purely a question of the mechanical
permanence of the circuit as in
fluenced by temperature and aging.

To reduce temperature variation,
the two tuned circuits have been
symmetrically placed and mounted
on a heavy aluminum slab which is
thermally insulated from all heated
portions of the circuit, including
the oscillator tubes themselves, re
ducing the temperature variations
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The TYPE 7l3-A Beat-Fre
quency Oscillator. A new a-c
operated oscillator with undis
torted output of 2 watts. The
frequency range is 10 cycles to
16,000 cycles.

due to heating within the oscillator
to a somewhat lower order than nor
mal room temperature fluctuations.

In addition to having a stable fre
quency, the oscillator should be of
good waveform. Two superimposed
waves of nearly equal frequency can
be thought of as the vector sum of
two signals differing in phase at the
angular velocity of the difference
frequency. The envelope generated
by this is similar to the result of a
connecting rod motion and contains
a large second harmonic.

The use of a balanced push-pull
detector circuit eliminates this
second harmonic, and from this point
on the problem is a routine matter

of amplifier, filter, and transformer
design. The filter and transformer
arrangement has been made of sub
stantially uniform gain from 10
cycles to 20,000 cycles. It was found
impossible to pass the full 10-cycle
output of two watts through any
transformer of practical size without
serious distortion. Partly for this rea
son a switch has been provided so
that the input to the detector can be
reduced and with it the level
throughout the instrument. At the re
duced output level, the distortion
remains at less than 1ro down to 10
cycles. While no measuring arrange
ments were available for accurate
tests, the waveform as viewed on a
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cathode-ray oscillograph when beat
ing against another oscillator appears
sinusoidal at 2 cycles.

The push-pull detector circuit has
the additional advantage of decreas
ing the coupling between the two
oscillator circuits. The currents from
the parallel branch divide equally
through the coils of the grid-to
grid (variable) oscillator so that
the resultant coupling is balanced to
zero. The buffer stage in the paral
lel branch has been added to isolate
the detector plate current of the
fixed oscillator frequency (along
with its second harmonic) which
flows in this branch from the output.
The detector balance along with the
reduced coupling on the low output
range makes interaction between the
oscillators very small.

The power frequency components
have been kept to about 10/0 on the

low output range, to 0.1% on the
high range. Most of this hum is in
troduced by the filaments of the last
stage and the amplitude control
must, therefore, be at the output
of the final high-level stage. Other
wise, amplitude would be decreased
without decrease in hum, i.e., with
increase in hum percentage. Realiz
ing this situation, it was felt that for a
general-purpose instrument it would
be best to use a grounded output cir
cuit. For most measuring purposes
such a circuit is much less likely to
cause trouble than a balanced cir
cuit. In case the instrument is to be
used in a carefully balanced circuit,
a transformer is ordinarily necessary.

Many psychological laboratories
have used an "incremental pitch"
condenser* in conjunction with the

* A. E. Thiessen, April-May, 1933, General Radio
Experimenter, Vol, VII, TOS. 11 and 12.
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TYPE 613-B doc operated beat oscil
lator for tone tests. This type of con
denser with direct-reading scale of
-+ 50 cycles has been inclnded on the
TYPE 713-A Oscillator. This dial per
mits resonance curves to be taken a
well as permitting the auditory tests.

dditional use has beeu made of this
dial by engraving a line at lea t every

100 cycles on the main scale, thereby
effectively providing a calibration
point for every cycle throughout the
scale. This· does not mean that the
oscilla tor should be used as a fre
quency standard, but the added fea
ture should prove useful if it is de
sired to duplicate selting accurately.

-L. B. ARCUIMBA

The TYP"~ 713-A Oscillator i:s licon~cd under Ilatent!" o( the Amcrit'an Telephone and Telegraph COml)nl\~t

NETWORKS AT REDUCED PRICES

THE following attenuation networks
(one each) are available at a large

price reduction.

Tbey have been used for demonstra
tion and display but are in perfect
condition.

Type

329-K
329-N
329-R
329-P
429-R

Runge

55 Jb steps of 0.5
22 db steps of 0.2
22 db steps of 0.2
22 db steps of 0.2
22 db steps of 0.2

Price-all types

Impedal/ce

6000 ohms
600 ohms

6000 ohm
6000 ohms
6000 ohms

50.00

Section

H
Bal. R

H
lla I. II

T

VOLUME CONTROLS

A FEW of the TYPE 552 Master Gain
Controls (discontinued) are still

available (former price .28.00). All
are L sections. Range 30 db in 1.5-db
steps.

Type

552-LA
552-LB
552-LC

Pric

50 ohms
200 ohms
500 ohms

all types . 10.00

ERRATA NOTICE
TYPE 200-CUH VARIAC

W E regret that the curves show
ing the ratings for the TYPES

200-CUH Variacs shown in the April
Experimenter were in error, showing
a considerably higher rating at the
ends of the winding than can be re
lied upon in practice.

The flat portions of Curves A and
B should be at 2.5 amperes instead
of 3.5 amperes as shown, and the flat
portion of Curve C should be 2.0
amperes between 0 and 150 volts in
stead of 3.5 amperes as shown.
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PARTS AND ACCESSORIES - A full-size reproduction of the parts and accessories panel illus
trated above, approximately 19~ x 28 inches in size, is available for free distributlOn to engi
neers and draftsmen interested in securing a coPy. Since all of the parts appear in full scale, this
condensed parts catalog is of considerable assIstance to persons having to design equipment.
To secure a reproduction of the parts and accessories panel, readers of the Experimenter should

ask for a copy of Form 339-B

~

GENERAL RADIO COMPANY
30 St:at:e Sheet: Cambridge A, Massachuset:t:s
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A NEW STROBOSCOPE FOR SPEED MEASUREMENTS

COLOR COMPARATOR

IT'S NOT THE HEAT, JT'S THE HUMIDJTY

TYPE 107 DIRECT-READING VARIABLE INDUCTOR (Ranges)

A NEW STROBOSCOPE FOR SPEED MEASUREMENTSmiRE ability of the ",oho-

T scope* to slow down or
stop motion has found
many applications in in-

dustry, and one of these, the measure
ment of speed, has justified the design
of a small unit especially adapted to
it. Speed is measured with the strob
oscope by adjusting the flash rate
until the rotating object appears sta
tionary, and reading the flash rate off
a scale which may be calibrated di
rectly in r.p.m.

Of the common industrial processes
none is more dependent on accurate
speed maintenance than the spinning
operations in all kinds of textiles.
Uniformity and high quality in the
finished product depend directly on
the maintenance of uniform spindle
"'General Radio Experimenter, December. 1932.

speed. Policing of spindles has not
been convenient, owing to the diffi
culty of making contact to the end of
the shafts, and to the large number of
spindles involved. With the small
stroboscope (strobotac) the problem
disappears. The first spindle on a row
is set at the proper speed, and the
operative walks down the frame, leav
ing the strobotac speed setting un
changed. As the spot light strikes each
spindle in turn it will appear to re
volve slowly either forward or back·
ward. Belts are quickly adjusted to
make the spindle appear stationary,
and the operative moves on. In this
manner constant speed checks can be
maintained on a large number of
spindles by a single operative.

Stroboscopic methods for the mea
surement of speed of reciprocating or
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FIGURE 1

Spindle speed is quickly
checked with the strobo
taco \Vhen it is set for the
right speed properly ad
justed spindles will appear

stationary

rotating machinery have numerous
important advantages. Since no me
chanical contact is required with the
mechanism being studied and no
power whatsoever is absorbed from
that mechanism, the making of the
lueasurement does not in any way
alter the performance of the machine.
This is frequently of great impor
tance. For instance, in many types of
machinery it is difficult or impossible
to attach a mechanical or dynamom
cter tachometer to the moving shaft.
In fact, it is frequently impossible
even to approach the moving parts
within several feet and, of course,
ordinary tachometers cannot be used
at all with reciprocating parts.
Furthermore, in the case of many
small and delicate mechanisms, any
of the ordinary types of tachometer
may cause a reduction in speed or
may actually stall the equipment.

For such applications, a strob
oscopic tachometer is invaluable. It
requires no contact with the moving
parts of the machine and may, in fact,
be held some distance away. The
General Radio Company is now an-

nouncing an instrument designed
primarily for this type of work. The
TYPE 631-A Strobotac is small and
light and all parts are contained in a
single case, including the lamp, trig.
gering oscillator, etc. The strobotac
is provided with a direct.reading,
illuminated, revolutions -per- minute
scale and provision is also made for
control at the line frequency or by an
external contactor, so that the instru·
ment may also be used for the same
purposes as other stroboscopes.

The TYPE 631·A Strobotac has a
flashing range extending from 600
flashes per minute to over 12,000. The
calibration is adjusted by means of a
vibrating reed which is controlled by
the alternating line voltage. Setting
of the trimmer adjustments so that
the reed appears to stand still when
the strobotac dial is set at 900 and
3600 adjusts the whole calibration so
that the unit is then direct reading.
This check is easily and quickly made
and compensates for drifts in line
voltage, aging of tubes, and other fac·
tors which might otherwise impair
the calibration.
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FIGURE 2. TYPE 631-A Strobotac

The strobotac may also be used to
obtain highly accurate measurements
of the slip of induction motors. For
this purpose, the strobotac is con
trolled by the power-line frequency
and the slip of the motor may be
counted directly. A similar method
can be used to observe hunting and
transients in synchronous motors.

While the intensity of illumination
available is, of course, much less than
is obtained from the TYPE 548-A
Stroboscope, sufficient light is ob
tained for the stroboscopic observa
tion of small mechanisms. The light
is concentrated on the object being
studied by means of a parabolic re
flector. Among the many things
which can be observed are such phe
nomena as vibration in valve springs,
failure of a roller to follow a cam, etc.

The strobotac is illustrated in Fig
ure 1. When it is held before the
operative so that the reflector points
forward, all controls are on the right
side of the instrument, which results
in maximum convenience of opera-

tion. The instrument is equipped with
a handle and provision is made for
fastening a tripod socket to the bot
tom.

The strobotac may be triggered off
in three different manners. In the first
place, it can be controlled by the knob
on the panel which reads directly in
r.p.m. and which is used for speed
measurements. In the second place,
the equipment can be controlled by
an external contactor to provide ab
solute synchronism with the observed
mechanism. This method of control
also adapts the stroboscope for the
adjustment of clocks, etc. The instru
ment may also be controlled by the
power-line frequency. The various
methods of control are made immedi
ately available by merely snapping
the toggle switches on the panel of
the instrument. Only a source of 11.5
volt, 60-cycle alternating current is
required to operate the strobotac.

_ H. H. SCOTT

The TYPE 631-A Strobotac is a joint
development of Harold S. Wilkins, of
the Engineering Department of the
General Radio Company, and Dr.
Harold E. Edgerton and Kenneth
Germeshausen of the Massachusetts
Institute of Technology.

The price of the strobotac is $92.50
net, including tubes.

CATALOG DATA
Speed Range: 600-4000 r.p.m.

2400-16,000I'.p.m.
Accuracy: ±2%.
Weight: 12 pounds.
Dimensions: 6lf2 inches by 9 inches
by 10 inches.
Operates: From lIS-volt 60-cycle
maIns.
Power Required: 25 watts.
Price: $92.50.
Code Word: BRAVO.
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COLOR COMPARATOR

THE problem of color matching has
been of increasing urgency in in

dustry for a number of year. Not
only are new correlations between
color and other qualities of materials
being discovered, but color is being
more extensively used in manufactur
ing, especially of consumer goods,
and the problems of quantity produc
tion require accurate maintenance of
color for large batches of goods and
between successive batches. The use
of color as an indication of condition
in cooking is familiar, but industrial
applications of the same sort are
growing more numerous. These ap
ply not only to processing, but to
grading of materials and, even in
some instances, to medical diagnosis.

Increasing use of colored materials
in industry creates a great need for a
quantitative method of reproducing
colors. Under mass.production meth
ods all of the upholstery of a car may
not be made from the same lot of mao
terial. Successive lots, therefore,
must match closely. Similarly, the
sleeves and fronts of a lot of shirts
might be made from different ship
ments of cloth, and there have been
instances when the mismatch was n()t
discovered until the shirts had been
made up. The opportunities for finan
cialloss and impairment of good will
between fabricators and suppliers in
such a situation are obvious.

Color matching in most industrial
plants still depends upon the skill and
the color judgment of an experienced
operative unassisted by instrumenta
tion. This method of matching is open
to rather serious objections. In cases
of disagreement there is no impartial

FIG RE 1. TYPE 725·A Color Comparator.
Color intensity is indicated as a meter read
ing. Filters are shif"ted by means of the knob
at the upper left. The pilot lamp indicates

which filter is in position

basis for a decision, and the nature of
the problem offers many opportuni
ties for disagreement. The effect of
the nature of the lighting on apparent
color is familiar. Differences of weave
and finish also introduce difficulties
in matching, even to the trained ob
server.

The complexity of the problem re
sults from the fact that color stimulus
reaching the eye is a summation of
many factors which the eye has no
power to differentiate. There are
hundreds of widely different stimuli
which would be described identically
if seen separately. When samples are
observed side by side, reasonably
small differences can be distin
guished, but the limitations of such
matching are sufficient to represent a
serious industrial problem.
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Three factors combine to make np
the complete psychological impres
sion of color which the eye perceives.
Most obvious of these is hue, that is,
the po ition of the predominant re-
ponse in the visible spectrum. Bril

liance is the eye's estimate of the total
reflection from the object. It is a
mea ure of the "darkness" of the
color, and if the object re1lected all
colors equally-that is, were white
the scale of brilliance would run from
white to black. The third factor, satu·
ration, is a measure of the intensity
of the hue. A white object, having no
predominant color, would have a
zero saturation. An absolutely pure
primary color would have maximum
sa turation.

The experienced eye unconsciously
evaluates all of these factors within
limits, but an objective method which
would be independent of lighting,
fatigue, and individuality posse ses
obvious advantages. The problem of
color measurement is in many ways
analogous to that of wave analysis.
The color stimulus represent a com
plex waveform containing many
components over a wide spectrum.
The problem consists of measuring
the relative inten ity of these variou
components. Such a measurement
takes in to consideration all three
subjective characteristics-hue, bril·
liance, and saturation.

The most complete and scientif
ically satisfactory method of color
analysis which has been developed is
concededly the Hardy Analyzer
manufactured by the General Electric
Company. This instrument surveys
the entire vi ible spectrum with a
highly selective optical filter, con
sisting of a prism and an optical lit,

and measures the intensity of each
frequency in the complex waveform
in the same manner as wave analyzer~

are used at low frequencie . The con
struction of the in trument i, of
course, essentially different in detail,
although functionally similar. For
example, where, in the examination
of voltage, its magnetic effect is used
to de1lect a meter, in color analyzers
the intensity of reflection is gauged
by means of a light sensitive surface.

The complete analysi of color,
while essential for standardization
and for precise mea urements, suffers
a disadvantage on the score of cost
and complication of operation when
considered as a shop instrument.

The engineering firm of Barss,
Knobel & Young have evolved a
simplification of the analyzer prin
ciple in color measurement which
re ts on the fact, attested by the ma
jority of color physicists, that any
gradation of color can be exactly reo
produced by recombination from
three primary colors-red, green, and
blue. The application of this prin
ciple has made colored moving pic.
tures feasible, and all color effects
obtained in modern chromo-cinema
technique are founded on this prin.
ci pIe.

In the Barss, Knobel & Young
Color Comparator, which the General
Radio Company is manufacturing,
re1lection is measured in three fre
quency bands selected from the com·
plex waveform by filters. This l'esults
in a compact and easily operated in-
trument in which the sample is

placed over the viewing aperture and
the reading of a meter noted as the
filters are successively moved into
place. In examining any color three
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meter readings will be obtained cor
re ponding to the red, blue, and green
region, respectively. When these
readings are identical for two sam·
pIes, the sample are identical in hue,
saturation, and brilliance--that is,
will appear to match under any con
ditions of lighting when viewed by
reflected light.

Importance of the method of light
ing a color sample i generally recog
nized, and a uniform lighting ource
is an essential beginning for such an
instrument. When all samples are
viewed by the same light the differ
ences due to lighting are, of course,
eliminated. It is al 0 essential that the
light intensity be constant at all
times. In an alternating-current op
erated instrument this means that a
preci e voltage regulator must be in
cluded in the instrument.

Since light i reflected from mate
rial in somewhat different ways,
depending upon its direction of in
cidence in relation to the weave di·
rection, large errors may be incurred
if this factor is not provided for in
the design of the instrument. In the
TYPE 725-A Comparator an optical
sy tern has been devised which elimi
nates this error entirely and makes
the reading of the instrument sub
stantially independent of the way in
which the sample is laid on the view
ing aperture.

The optical system has also been
laid out so a to avoid errors due to
glare in the reflection from the
sample. This i accomplished by fo

cussing the light slightly beyond the
sample so that it is subjected to a
diffu e illumination.

Functionally then, the instrument
consists of a light source, a eries of

SAMPLE @ 0)
/If'X'!'I"

/ v , I
CELL ~====4==~I

FI LTER •.~.....,~.J,.,.,=. .
I I
I I

LENS ft
fi
I I
1/
V

<f?

FIGURE 2. Light reflected from the sample to
the photocell is transformed into electrical

energy and indicated on the meIer

filters, a light sensitive surface, and a
meter. The light sensitive material
u ed has sufficient output so that a
meler can be used directly without
amplifiers. Light is directed through
a lens system and the filter to the
sample, which it strikes a mono·
chromatic light, and is reflected to a
photocell system so constructed as
to integrate precisely the reflection
from all directions, making the re
sponse entirely independen t of the
character of the surface.

In operation, the instrument is set
up and calibrated with a magnesium
oxide sample over the viewing aper·
ture. The hunts controlled by the
knob at the right are set to give the
standard meter deflection for each
filter. The sample is then placed over
the aperture and the meter read with
each filter successively in position.
The three meter readings resulting
completely describe the color.

The color comparator has other
applications than the measurement
of colors. It can be used to measure
the opacity of paper by measuring
the difference in reflection between
the paper with a white backing and
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for. The comparator is entirely
operated from the alternating current
mams. - C. T. BURKE

CATALOG DATA

Power Supply: ll5-volt, 50-60 cycle
a·c line. A voltage regulator is in
cluded for holding the illumination
to a constant value. Adequate fuse
protection is provided. The total
power consumption is 75 watts.
Dimensions: (Length) 16 inches by
(width) 12 inches by (height) 12
inches, over-all.

et Weight: 40 pounds.

with a black backing. Brightne s also
can be measured by the color meter.
In this measurement the definition
and method of the Institute of Paper
Chemists is followed.

The complete color comparator is
shown in Figure 1. Although no
amplifiers are required, a meter of
relatively low current sen itivity and,
consequently, of considerable rugged.
ness is used. The meter scale is wide
and open, permitting easy reading for
the determination of small color dif·
fercnces. A voltage regulator is built
into the instrument insuring con-
tancy of the light source. Rapid cali·

bration against a standard is provided
Type

725-A
Code Word

SABER

Price
$550.00

IT'S NOT THE HEAT, IT'S THE HUMIDITY

A T this time of year we receive
'" many letters recounting difficul
ties - high power factor, low leakage
resistance - which are directly due
to the prevailing high humidity.
Since it's the weather, not much can
be done about it, unfortunately.

Even though direct absorption of
moisture is negligible, the formation
of a film on the surface lowers the
insulation resistance and, when sub
jected to alternating potentials, in
troduces a material loss. Among in
sulators there are great differences
in moisture effect due to surface
characteristics. Roughness or pores
at molecular dimensions are the im
pOl'tant factors. Such ceramics as
isolantite are coated to reduce ab
sorption. An insulating material
which water does not wet is usually
only slightly affected by surface
moisture because the water collects
in discrete drops and does not cover

the whole surface. The yellow bake
lite, X -262 atural, used in the
cases of our TYPES 505 and 509 Con
densers and in many other places
where high insulation resistance and
low dielectric loss are desired, owes
its remarkable freedom from the ef
fects of surface moisture to this
property.

nfortunately, some of the best
dry materials show the wor t absorp
tion characteristics. Mica and quartz,
both crystalline and fused, show
larger decreases in their insulation
resistance with moisture than many
other insulators having much lower
volume resistivities. This character
istic serves to decrease the difference
between these insulators and others
of lower volume resistivity as the
humidity of the surrounding air is
increased. In fact, it is quite possible,
under the effect of high humidity,
for quartz insulation to have a lower
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resistance and larger power factor
than many ordinary ceramics.

The TYPE 222 Precision Condensers
arc now available with fused quartz
in ulatioll. In an atmospherc of low
relativc humidity, such a condenser
ha a figure of merit, R w C2

, of 0.003
x 10-12 as compared with about 0.04
x 10-12 for isolantite. Its insulation re
sistance is about 100 megamegohms
for quartz insulation and about 1
megamegohm for isolantite. Under
the action of high humidity, a quartz
in ulated condenser may become
poorer in respect to both insulation
re istance and power factor than one
with isolan tite insulation, their in
sulation resistances reducing to per
haps 1000 megohms, while thcir fig-

ures of merit increase to perhaps
0.1 x 10-12

• There appears to be no
specific remedy for this effect of hu
midity on insulation except local
heating or air conditioning. The ex
tent to which such a conducting film
forms is dependent both upon the
temperature of the insulator with re
spect to the ambient temperature and
upon the characteristics of the sur
face itself. An insulator which is
maintained only a few degrees above
room temperature will be very little
affected by even a high degree of rel
ative humidity. On the other hand,
large amounts of moisture will col
lect upon insulators which are a few
degrees lower than the surrounding
temperature.

TYPE 107 DIRECT-READING VARIABLE INDUCTORS

The table below supersedes the
range given for the TYPE 107 Induc
tors in the January, 1935, Experi
menler. These inductors are now

fitted with a direct-reading calibra
tion on the dial. The accuracy of
reading is 1.,-0 of full scale.

Self- Inducwllce Mutual

Type
107-J
107-K
107-L
107-:~1

107- T

eries
7- 50 ILh

60-500 ILh
0.6- 5 mh

6- 50 mh
60-500 mh

Parallel
1.7-12.5 ILh
15-125 ILh

0.15-1.25 mb
1.5-12.5 mh
]5-125 mit

Inductance
0-10.8 ILh
0-110 ILh
0-1.1 mh
0-11 mh
0-110 mh

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests

for subscriptions and address-change notices to the

GENERAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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AN A-C OPERATED RESISTANCE-COUPLED AMPLIFIER
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DECADE CONDENSER UNITS

AN A-C OPERATED
RESISTANCE-COUPLED VOLTAGE AMPLIFIER

FIGURE 1. Schematic diagram of a vacuum
tube amplifier

e2
- = GmZLp (1)
el '

where J1. is the amplification con
stant, Rp is the internal plate resis-

n

cuit (which is the internal resistance
and capacity of the tube in parallel
with the impedance of the load cir
cuit). Lumping the tube capacity in
ZL, as shown schematically in Figure
1,

RESISTA CE-COUPLED amplifiers have
been u ed for such a long time

that at first glance there seems little
to be said about them. Actually, how
ever, tube developments in recent
years have 0 changed design consid
erations as to introduce the paradox,
startling to one whose amplifier de
signing stopped five years ago, that
interstage tran formers reduce the
amplifier gain.

The introduction of screen-grid
tubes has made the question of maxi
mum gain per stage of no importance.
It happens that nearly all commercial
tubes have approximately the same
mutual conductance. A little arithme
tic shows that in a resistance-coupled
amplifier the voltage gain per tage
is equal to the product of the mutual
conductance and the equivalent par
allel impedance of the tube plate cir-
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(2)

tance, and Gm is the transconduc
tance of the vacuum tube.

FIGURE 2. Schematic diagram of a single stage
of transformer-coupled amplification

In an amplifier coupled by ideal
transformers, as shown in Figure 2,

82 ZL (;:) 2 n2
- =J.1.
el R

p
+ ZL (nl)2 nl

n2

ZL( nl )2R
= G n2 p~

m R
p
+ ZL (nl)2 nl

n2

n2
= Gm(ZL,P) PRJ -

nl

:: = G
m

(ZL,P) SEC
el n2

nl

where (ZL,P) PRJ and (ZL,P) SEC are
the effective impedance due to plate
and load as seen from the primary
and secondary respectively.

Equation (1) shows that the gain
of a resistance-coupled amplifier may
be thought of as proportional to the
effective impedance built up in the
plate circuit; equation (2) shows
that the gain of a transformer-coupled
amplifier is proportional to the effec
tive impedance built up in the secon
dary circuit but is reduced by the
step-up ratio of the transformer. Be
fore the introduction of high-impe
dance tubes, transformers were desir
able, since the internal plate impe-

dance was the true limiting factor. At
that time a transformer could profit
ablybe used to step up this impedance
even at the expense of the enormously
increased shunting capacities and the
loss in voltage amplification (as com
pared with the later ideal cases) due
to the transformer step-up ratio. In
addition to the other limitations, the
older amplifiers were very much both
ered by grid-to-plate capacitive re
generation.

At present the situation is entirely
different since the early limitations
of tube design have been overcome
and we are now limited in gain almost
solely by the shunt capacities.

The new problem consists in effect
ing a compromise between the gain
per stage and the frequency charac
teristic; in other words the total im
pcdance-to-ground must be chosen at
a value sufficiently low to make the
effect of the shunt capacity negligible
at the required high frequency limit.
In this connection, it is worth men
tioning that designers of television
amplifiers have gone a step further
and partially neutralized the shunt
capacities by means of series induc
tors in the load circuits and by re
generative schemes.

One practical drawback is present
with resistance-coupled amplifiers;
due to the voltage drop in the load
resistors, higher supply voltages are
necessary and if batteries are used the
whole amplifier becomes a bit un
wieldy. This is particularly true if
high output voltages are required.
When a rectifier is used for plate sup
ply, difficulty is experienced due to
coupling between the various stages
through the impedance of the supply
and if no consideration is given to
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AMPLl F ICATION

ATTENUATION
..

quencies with the condenser-resis
tance circuits that are economically
available. In other words, in practice
the lower end of the frequency scale
is not at all limited by the availability
of large grid coupling conden ers and
resi tors but by the values which may
be required to isolate the power
supply circuits. To avoid this limita
tion, it would be necessary to use
several separate power supplies for
the different stages.

There is still another limitation to
the amplification which can be used
at low frequency, that is, the presence
of fluctuations in the commercial
power lines. Such fluctuations appear
ing at the output of the rectifier may
be considered as a low-frequency
spectrum which mu t be attenuated
by the filter circuit in such a way
that the resultant voltage applied to
the amplifier will not have compo
nents of sufficiently high amplitude
and frequency to be amplified to an
objectionable degree.

The foregoing discussion has been
given to outline the problems which
have been dealt with in designing the
TYPE 7l4-A Amplifier which has re
cently been announced by the Gen
eral Radio Company. This amplifier
is intended as a commercial com
promise between all of the foregoing
factors and the amount of equipment
required.

It has been built of three stages, all

VOLTAGE DROP
IN POWER SUPPLY

DUE TO SIGNAL

I
POWER
SUPPLY

DECOUPUNG
FILTER CIRCUIT

this, low-frequency oscillations can
and do occur, the so-called "motor
boating." How this comes about is

readily seen by reference to Figure 3.
If the voltage introduced into the

early stages of an amplifier due to
coupling with the last stages through
the upply is equal at any frequency
to the input signal required to pro
duce that voltage, 0 cillation can oc
cur. To prevent this, the attenuation
of the supply circuit at all frequen
cies mu t be greater than the ampli

fication. Figure 4 shows this condition
graphically.

This means that the amplification
at low frequencies must be limited to
the attenuation possible at those fre-

FIGURE 3. Block diagram showing how selI
o ciUation occnrs in amplifiers

z
o
i=
<t:
=>Zl--__

uJ
I-

~

c

OSCILLATIONS POSSIBLE
WHEN USING B

/ -,5>",<0 C

B~

/~
NO OSCILLATIONS POSSIBLE
WHE.N USING A

FREQUENCY FREQUENCY FREQUENCY

FIGURE 4. Plots showing graphically the conditions for self-oscillation



4 THE GENERAL RADIO EXPERIMENTER

FIG RE 5. Panel view of the TYPE 714-A Amplifier

pentodes, and the gain has been kept
to about 27 db per stage, giving a
total gain between 80 and 90 db. By
carefully keeping wiring capacities
at a minimum, this gain was achieved
with a drop of only 3 db at 50,000
cycles without using neutralization.

In order to obtain an undistorted
output of 100 volts rms for use with
cathode-ray oscillographs, it was
found de irable to use a plate supply
of 600 volts. With thi supply and
proper use of the 43 JLf which was
available for the filter unit it was
found possible to extend the range of
the amplifier downward to .5 cycles
with a drop of only 3 db at this fre
quency. The effect of line voltage
variations was studied with the assi 
tance of a motor-driven VARIAC
with varying-speed voltage fluctua
tions to exaggerate dynamic line volt
age changes. Thus it was possible to
plot low-frequency output as a func
tion of fluctuation frequency and
make appropriate compromises.

While the TYPE 7l4-A Amplifier
was intended primarily as an ampli
fier for cathode-ray use, the question
of its application for bridge balanc-

ing naturally comes up. Is the hum
sufficiently large so that headphone
use is prohibited?

The residual power supply hum
has been found to be equivalent to
approximately 10 JLV on the grid of
the first tube. Tests with a wave an
alyzer show that this arises partly
from mutual inductance between the
power transformer and the circuit
wiring. (This i mainly 180 cycle
rather than 60 cycle.) The remain
der is due to the heater of the first
tube and varies considerably from
tube to tube so that some little selec
tion is desirable.

Theindirectly-heated-cathode tubes
are much less microphonic than most
filament-type tubes so that the a-c
operated amplifier is actually some
what quieter than the usual battcry
operated type of equal gain.

Figure 6 shows average curves for
two observers of the voltage thresh
old of hearing in a quiet room.
Curve A was taken using a W.E.
509-W headset worked directly out of
a 20,000-ohm source. It will be no
ticed that about 20 JLV could be heard
at 900 cycles whereas 300,000 JLV were
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FIGURE 6. Plots showing how TYPE 7l4-A mplifier improves thc frequency charactcristic in
bridge measurements

required at 40 cycles and at 10 kilo
cycles. Curve B shows the corre
sponding curve taken with the am
plifier inserted between the source
and telephones. t 40 cycles the full
gain is effective; at 1000 cycles acous
tic masking cut the gain to 50 db;
at 10,000 the full gain is again avail
able. From similar curve taken on
other amplifiers it looks as though a
signal (if above the thre hold of
hearing) can be heard if, and only
if, it has higher energy than the con
tinuous pectrum in the neighbor
hood which is sensibly indi tinguish
ahle in pitch from it. This would ac
count for the hroadening of the tele
phone response curve when the am
plifier i inserted. It will he noticed
that the effective acoustic gain of the
amplifier is at least 50 db over the
pectrum so that no amplifier of

lower gain can be as satisfactory.
- L. B. ARGUIMBAU

SPECIFICAliONS

Gain: 80 db maximum, continuously
adjustable between 20 db and 80 db.
Frequency Characteristic: Within
3 db between 5 cycles and 50 kc.
Output Voltage: 140 volt maximum
peak (100 volts rms on sinu oidal
wave) .
Load Impedance: 100,000 ohms or
greater (one terminal grounded).
Input Resistance: Over one megohm
(one terminal grounded).
Power Supply: 115 volts, 40-60
cycle.
Tubes: Two 6C6, one 89, one 80 (all
supplied with instrument).
Dimensions: (Length) 19 x (height)
7 x (depth) 10% inches, over-all.

et Weight: 40 pounds.
Code Word: A RAL.

Price: 190.00.

This instrument is licensed under patents of
the American Telephone and Telegraph Com
pa~y solely for utilization in research, invcsti
gatlOu, measureme?t, testing, instructiou, and
development work 1Il pure and applied science.
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McGRAW PRIZE WINNER

FIG HE 1. Panel view of the fault-locating
equipment, showing the beat-frequency 0 ciJ

lator, power amplifier, and recorder

THE above illustration shows an in
teresting application of General

Radio equipment. This assembly is
used for locating faults, such as
shorts, grounds, or open circuits, in
overhead power transmission lines
by a method developed by J. E. Allen
and C. J. Gross of the Pennsylvania
Water and Power Company, Balti
more, Maryland. The equipment con
sists of a high-powered, high-fre
quency, beat-frequency oscillator and
power amplifier designed and manu
factured by the General Radio Com
pany to meet the specifications of
the Pennsylvania Water and Power
Company. Also included in the as
sembly are a recording rectifier
galvanometer, various protective and

coupling devices, and a motor drive
arrangement for operating the re
corder and the oscillator control
simultaneously.

The beat oscillator covers the
range from 100 to 100,000 cycles per
second with a substantially constant
output of four watts. Thi drives a
power amplifier containing two 203-A
type tubes which may be operated
either Class A or Class B. A-C
operated power supply equipment
provides all necessary operating vol
tages and is controlled by an auto
matic time switch which allows the
filaments to heat before any plate
voltage is applied.

In operation the equipment is
coupled to the transmission line
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which is to be tested and the motor
drives the oscillator and the recorder
throughout the oscillator frequency
range. The. recording galvanometer
draws a curve showing the current
into the transmission line versus fre
quency. This curve will be a series of
peaks separated by equal increments
of frequency. The frequency incre
ment between successive peaks is in
versely proportional to the length of
the line. Accordingly, it is only
necessary to measure this frequency
increment for the variou transmis
sion lines in normal operating con
ditions to determine the line con
stants. Then when a fault occurs (ef
fecting a new termination of the
line) its location can be immediately
determined by measuring the fre
quency increments on the defective
line. The same method is valid for a
shorted or grounded line. Under some
conditions the locations of the peaks
in the curve are shifted, but the fre
quency increments remain the same.

With this equipment it is possible
to locate in a few minutes a fault on
a three-phase transmission line which

FIGURE 2. Rear view of the equipment, show
ing the type of construction used. The beat
frequency oscillator and power ampljfier were
designed and manufactured by the General
Radio Company. The recording equipment,
motor drive, and the protective and coupliug
devices were built by the Pennsylvania Water

and Power Company

it might otherwise take many hours
to find. The arrangement works
equally well for opens, short-circuits,
or grounds in the line and no com
munication is needed with the line
patrolmen or with any other station
on the line. The apparatus can be
operated by the regular station at
tendants and the accuracy of location
is 2% or better. It can be used on lines
up to 100 miles in length.

It is of interest to note that a paper
by Messr . Allen and Gross describ
ing this equipment wa awarded first
prize last March in the McGraw prize
competition of the Edison Electric
Institute as the most meritorious pa
per on an engineering or technical
subject relating to the electric light
and power industry.*

The apparatus described i not
commercially available as a com
plete installation. A beat-frequency
oscillator of characteristics similar to
that u ed can, however, be built to
order by the General Radio Com
pany. -H. H. SCOTT

* E. E. 1. Bulletin, Aug., 1935; Electrical World,
July 20, 1935.
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NEW DECADE CONDENSER UNITS

TYPE 380 Decade Condenser Units
are now furnished with a new type

of cam switch which is more stable
mechanically than that previously
used. An all-mica 1.0 fJ.f decade (in
steps of 0.1 ,uf), TYPE 380-F, is now
available and is made up of TYPE 505
Condensers. TYPES 380-L, 380-M, and
380-N listed below, replace the older

TYPES 380-A, 380·B, and 380-C, reo
spectively.

Electrical specifications are listed
helow. The maximum voltage listed
hold for frequencies below those
specified. For higher frequencies,
the maximum safe voltage decreases
and is inversely proportional to fre
quency.

Dielec- Power Maximum Voltage at
Type Capacitance Accuracy tric Factor Frequency

380-F 1.0 }Lf in 0.1 }Lf steps 1% Mica 0.05% 500 4 kc
380-L 1.0 }Lf in 0.1 }Lf steps 2% Paper 1.0% 300 1 kc
380-M 0.1 }Lf in 0.01 }Lf steps 1% Mica 0.1% 300 100 kc
380-N 0.01 }Lf in 0.001 }Lf steps 1% Mica 0.2% 300 1000 kc

Dimensions: TYPE 380-F, panel
space, 4 7/32 x 4 21/31 inches; be·
hind panel, 3 15/16 inches. TYPES

380·L, 380·M, and 380-N, panel space,
3 5/10 x 2 13/16 inches; behind
panel, 4 1/16 inches.

Net Weight: TYPE 380-F, 3% pounds;
TYPES 380-L and 380·M, 1% pounds;
TYPE 380·N, 1% pounds.

Type Code Word Price

380-F ACUTE 58.00
380-L ADAGE 10.00
380-M ADDER 12.00
380-N ADDLE 10.00

TYPE 219 DECADE CONDENSER

New models of TYPE 219 Decade ing the condensers from external
Condensers are now available, using fields.
the TYPE 380 Decade Condenser Dimensions: TYPES 219-K and
Units described ahove. TYPES 219-L 219·M, 13% x 5 13/16 x 5% inches,
219- I, and 219·N replace the older over.all; TYPES 219·L and 219· ,
TYPES 219-F, 219·G, and 219-J, re- 10% x 5 13/16 x 5% inches, over-all.
spectively. TYPE 219·K is a new three- Net Weight: TYPE 219-K, 10%
dial box in which mica dielectric is pounds; TYPE 219-L, 6% pounds;
used throughout. All cabinets are TYPE 219·M, 8% pounds; TYPE

lined with copper, effectively shield· 219·, 6% pounds.

No. of TYCe 380
Type Capacitance Dials Decac es Used Code Word Price

219-K 1.110 }Lf in 0.001 }Lf steps 3 F,M, CROSS 90.00
219-L 1.10 }Lf in 0.01 }Lf steps 2 L,M COVER 35.00
219-M 1.110 }Lf in 0.001 }Lf steps 3 L,M,N BRIER 45.00
219-N 0.1l0 }Lf in 0.001 jif steps 2 M,N CRONY 35.00

~~

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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bridge measurements, let us consider
the bridge circuit of Figures 1, 2, and
3, where the transformer is u ed to
couple the generator to a grounded

bridge. Figure 1
shows the generator
connected directly
to the bridge. Under
this condition, the
t e r min a 1 i,m p e
dances (Zl and Z2)
of the generator to
ground are placed
directly across the
bridge arms C and

D. These impedance are usually ca
pacitive and have an extremely poor
power factor. The resulting error in
measurements of capacitance and
power factor is large, since these
terminal capacitances amount to sev
eral hundred micromicrofarads when
an a-c operated oscillator is used, and,
in addition, they are seldom balanced
to ground.

The shielded transformer of Fig
ure 2 completely eliminates these
generator impedances but sub titutes

~ HEN making di,oct impe-

W dance measurements with
any kind of bridge, a
hielded transformer is

ordinarily used to
connect either the
generator or the de
tector to the bridge.
The purpose of the
transformer is to re
duce or eliminate
the errors in mea
surement which re
sult from stray im·
pedances between
the terminals of the generator (or the
detector) and ground. Although in
the substitution method these errors
generally cancel out of the simple
bridge equations, it is desirable to
make them as small as possible in
order to minimize second order ef
fects. Another less important use is
the matching of impedances between
the bridge and the external circuits
to obtain maximum power transfer.

To illustrate the general applica
tion of shielded transformers in
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FIGURE 1 (left). Schematic circui t of a grounded
bridge supplied by a generator having two un-

equal terminal impedances to ground

FIGURE 2 (right). Schematic diagram showing
the u e of a singly-shielded transformer be
tween generator and bridge. The impedance Z

in Lheir place the terminal capaci
tances C1 and C2 of the secondary
winding of the transformer to the
shield. While these capacitances can
be made equal, they are usually quite
large, amounting to several hundred
micromicrofarads and, for this rea
son, the singly-shielded transformer
is seldom used. For equal-arm bridges
the resulting error is negligible only
if the terminal capacitances are
equal and, in unequal-arm bridges,
only when their ratio is the same as
that of the ratio arms. Since it is im
possible to vary the ratio of terminal
capacitance as the ratio arms are
changed, a doubly-shielded tran-

represents the equivalent terminal impedance
between one side of the generator and ground.
For convenience in analyzing the problem,
thi impedance is assumed to be associated

entirely with one generator terminal

former offers the best solution to the
problem.

An additional error is introduced
by the presence of the capacitance
Cg between primary and secondary
windings. If Cg is appreciable com

pared with the impedance in the

bridge arm C, a fraction of the gen
erator voltage is applied across this

C3
arm, proportional to the ratio-'

C
since the impedance of the power

source to ground is usually much

smaller than that of Cs'
Figure 3 shows the doubly-shielded

transformer connected to a bridge.
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Here the bridge is isolated from the
load by the series combination Cs
(or Cs ) and C4 and, if C4 is made
small, the effective terminal capaci
tance is kept at a low value.

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

This transformer, which is shown
schematically in Figure 3, is de igned
to reduce both the terminal capaci
tance shown in Figure 1 and the di
rect capacitance Ca of Figure 2. When
used with a conventional type of im
pedance bridge, the shield on tbe gen
erator side is grounded to prevent
the to-ground impedance of the gen
erator from introducing errors into
the measurement. The terminal ca
pacitances for the winding on the
bridge ide then consist of Co (or Cs)
in series with one-half the series
parallel network C4 , C7 , Cgo Each
terminal capacitance is then 28 J.lJ.l f.
If the case is grounded, thus short
circuiting C7 , the terminal capaci
tance i increased to 40 J.lJ.lf.

These values are sufficiently low,
compared to the usual figure of ev
eral hundred micromicrofarads, to
be negligible when measuring di
rectly large capacitances or when us
ing a substitution method with the
bridge. Under other conditions, al
lowance can be made in the result
for any error which they may cause.
Since they are equal, their effect is
usually negligible III equal-arm
bridge.

The capacitance Ca is only 0.2 J.lJ.lf.

TYPE 578 Transformers are made

*R. F. Field, uA Shielded Transformer for Bridge
U e:' General Radio Experimenter. April, 1934.

~5}t
c C

3 SHIELD 4

FIGURE 3. The grounded bridge supplied
through a doubly-shielded transformer. Av
erage values of the transformer capacitances
for TYPE 578 Transformer are as follows:

C" Ca, C" C6 each 200 Il.ll.f

Ca. . . . . . . .. .. . ... 0.2 Il.ll.f

C7, Cs . . .. each 70 Il.ll.f

C, 30 Il.ll.f

in three model covering a total fre
quency range of from 20 cycles per
second to 500 kco The turn ratio for
each model is 4:1, giving an impe
dance tran fer of 16: 1. Exact impe-
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FIGURE 4. The air space between the two in.
dividually-shielded windings is the important

factor in reducing terminal capacitance

dance matching is of little conse·
quence In bridge measurements,

since losses are easily compensated
for by increasing either generator
power or detector gain. The TYPE
578 Transformers are suitable for all
impedance ratios between 1 to 16 and
16 to 1, a sufficiently wide range to
cover all ordinary bridge-circuit reo
quirements.

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

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

Type
578-A
578-B
578-C

Frequency Range*
50 cycles to 10 kc
20 cycles to 5 kc
2 kc to 500 kc

Impedance Ran{!,e*

Primaryt econdaryt

50 n to 5K n 11K n to lOOK nl
60 n to 6K n lK n to 120K n
20 11 to 2K 11 4K 11 to 40K 11

Code Word
TABLE
TENOR
TEPID

Price:j:
15.00
15.00
15.00

.Range (or voltage Iransfer within 6 db of maximum .alue. At extreme ends of both impedance and frequency
ranges, the combined Ion may be 12 db.
tThe low impedance windins is considered to be the prim'ary.
:tTTPK 578 Transformers mounted on plug-type bases (or use in TYPE 516-C Radio-¥reque:ney Bridge can be sup·
plied at an increase of $5.00 over the prices shown.

REACTANCE CHARTS
WE have available for distribution

a limited number of small·scale reo
productions of the reactance chart
mentioned in the March, 1935, issue
of the Experimenter. These are our

standard catalog page size, 10 x 6%
inches, suitable for use in loose·leaf
notebooks. We shall be glad to send
copies to any who request them.
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INCREASED ACCURACY WITH THE PRECISION CONDENSER

E
XT~~SIVE investigations of the. sta

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

The TYPE 222-L Precision Con
denser is provided with a worm and
50-tooth gear, so that 25 turns of the
worm are required for the 1800 of
rotation which lie between minimum
and maximum capacitance. The drum
mounted on the worm shaft has 100
divisions, each of which is about 1/16
inch long. There are then 2500 divi
sions, into which the capacitance in
crement may be divided. By estimat
ing tenths of these divisions, the total
scale length may be read to one part
in 25,000. Over the middle 20 turns
of the worm, the capacitance incre
ment per turn is about 60 J.LJ.Lf, so that
one worm division equals 0.6 J.LJ.Lf

and 0.1 division equals 0.06 J.LJ.L f.
The calibration chart regularly

provided with each condenser gives
the capacitance for each turn of the
worm to an accuracy of 1 J.LJ.L f or
0.1%, whichever is the greater. The
limit of 1 J.LJ.L f is set by the lack of a
standardized technique in connect
ing the condenser into a measuring
circuit, while the limit of 0.1% is de
termined by uncertainty in the value
of the micromicrofarad. These two
limits are equivalent for a capaci
tance of 1000 J.LJ.L f. Since the stability
of the condenser when carefully

handled is at least one part in 10,000,
a calibration to an accuracy of 0.1
J.LJ.L for 0.1%, whichever is the greater,
is of considerable value because it
allows capacitance differences to be
measured to an equal accuracy. The
fact that the absolute capacitance is
known only to 1 J.LJ.L f is no detriment,
because all precise bridge measure
ments of capacitance are made by a
substitution method in which the
standard is not disconnected from the
circuit.

To realize this accuracy, the set·
ting of the worm must be read to 1/5
of a worm division and the effects of
backlash avoided by always ap
proaching a setting from the same di
rection. Because of a slight eccen
tricity in the worm itself and minute
irregularities in the bearings of the
worm shaft, the capacitance change
is not exactly linear throughout each
turn of the worm. An approximately
sinusoidal variation usually appears
which, expressed as a capacitance,
may amount to a divergence from
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The worm correction is:

The calibration chart gives the
capacitance at 1600 divisions as
930.7 jJ.jJ. f, at 1700 divisions as 989.9
jJ.jJ. f, the corresponding capacitance
increment as 59.2 jJ.jJ.f, the worm cor
rection at 40 divisions as -0.1 JJ./lf,

and at 50 divisions as -0.1 jJ.jJ.f. Lin
ear interpolation gives a value of
958.4 jJ.jJ. f for a given dial setting.
Adding the worm correction of -0.1

linearity of 0.3 jJ.jJ. f. This worm varia
tion repeats itself for each turn of
the worm throughout the linear
capacitance range. It is expressed as
a correction which is to be applied
to the value of capacitance obtained
from the calibration chart by linear
interpolation.

As an illustration of the use of such
a calibration chart and worm correc
tion, let it be desired to find the
capacitance corresponding to a read
ing of 1646.8 divisions. The calibra
tion chart in the vicinity of this set
ting reads as follows:

Worm Divisions

jJ.jJ.f gives the final capacitance value
of 958.3 jJ.jJ.f.

The capacitance calibration ob·
tainable from such a calibration
chart is internally consistent to an
accuracy of 0.1 jJ.jJ.f or 0.1%, which
ever is the greater, hence capacitance
differences may be obtained to an
accuracy of 0.2 jJ.jJ.f or 0.1'1'0, which
ever is the greater.

Similar calibrations may be made
on other types of precision condens
ers with the same limits of accuracy.
In the case of the TYPE 222-M Preci
sion Condenser, which is already ad
justed to be direct reading in capac
itance difference to 1 }J.jJ.f, the cali
bration takes the form of a single
correction chart which gives the cor
rection to be applied to the direct
reading of the dial at every ten worm
divisions.

This calibration to 0.1 }J.jJ.f may be
made at the time of purchase of a
new condenser or on any precision
condenser returned to our factory.
In the latter case, it is advisable to
have the bearings of the condenser
readjusted before attempting the ac
curate calibration. The cost of such
readjustment is usually between $5.00
and $10.00, dependent upon the
amount of work necessary. Condens
ers made a number of years ago have
only a single bearing for the worm
shaft. It is not generally advisable to
calibrate such condensers to 0.1 }J.}J.f

because of their inferior stability.
The price of the complete calibration
for either new or old condensers is
$35.00. -ROBERT F. FIELD

59.:!
59.2
59.2
59.0
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-.2
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-.1

o
o
o
o
o
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RESIDUAL IMPEDANCES IN THE PRECISION CONDENSER
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losses. This quantity is constant with
both frequency and scale setting.

In addition to the dielectric loss,
there is an ohmic loss in the resist
ance of the metallic structure. At
radio frequencies the ohmic resist
ance may be the controlling factor,
since it increases with frequency
while the dielectric-loss resistance
decreases. This metallic resistance

FIGURE 2. Power factor and figure of merit of
a precision condenser as a function of ca
pacitance at 1 megacycle. The full line curves
are the true values obtained when dielectric
loss and ohmic loss are combined. The dotted
curves show these quantities when only die.

lectric loss is considered

FIGURE 1. Increase in effective capacitance of
a precision condenser caused by an equivalent

inductance of 0.06 J.'h

W HEN using a variable air con
denser as a capacitance stand

ard at radio frequencies, it is im
portant to know the variation in ef
fective capacitance and power factor
as a function of frequency. These
variations result from the presence
of residual impedance and can, if
neglected, cause very appreciable
errors in measurements in the radio
frequency range.

The variation in effective capaci
tance is caused by the inductance of
the condenser structure and leads.
This inductance is practically con
stant with frequency and increases
the effective capacitance of the con
denser by an amount equal to w2LC2.

Measurements made by means of
the TYPE 516-C Radio-Frequency
Bridge on TYPE 222 Precision Con
densers indicate that the effective in
ductance of the condenser is approxi
mately 0.06 Mh. Figure 1 shows the
increase in effective capacitance
which this inductance causes at fre
quencies up to 6 megacycles. The in
ductance is nearly all in the supports
and stator rods of the condenser and
does not vary appreciably with dial
setting.

At low frequencies the dielectric
loss is constant with scale setting for
condensers in which the field through
the solid dielectric is independent of
rotor position. Since the equivalent
resistance varies with both frequency
and scale setting and the power fac
tor, while constant with frequency,
varies with setting, a "figure of
merit," RwC2, is ordinarily used to
express the magnitude of dielectric
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metallic loss is neglected. An inspec
tion of these curves shows that errors
up to 50% may occur if the metallic
loss is neglected in the measurement
of the power factor of a condenser in
the range below power factors of
0.05%, when the parallel substitu
tion is used at radio frequencies.
When measuring condensers of small
physical size where the capacitance
to ground is small, it is often possible
to avoid the power factor error by
using a series substitution method.

Another residual impedance, not
chargeable to the condenser itself,
exists if dust accumulates on the
plates. The dust coating produces a
loss varying with capacitance which
is particnlarly serious when the con
denser is used as the standard for
measurements by the substitution
method. Losses which vary with set
ting in either the standard or the un
known will yield erroneous results
for the loss component of the un
known condenser. Figure 3 shows the
variation in RwC2 for a TYPE 222 Con
denser resulting from dusty plates.

~
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can be measured by means of the
radio-frequency bridge and is ap
proximately 0.02 ohms at 1 mega
cycle. Figure 2 shows the power fac
tor of the condenser and also RwC2

plotted as a function of capacitance
setting when both losses are com
bined. As a reference, plots are also
given of these quantities when the

CAPACITANCE .. IIIJ.f

FIGURE 3. Tbe variation in RwC' resulting
from an accumulation of dust on tbe plates.
Tbe curve sbowing tbe effects of dust does
not reacb tbe "plates clean" plot at zero ca
pacitance, because dust was removed from tbe

solid dielectric as well as from tbe plates
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WAVEFORM ERRORS IN
THE MEASUREMENT OF POWER TRANSFORMER LOSSES

perimental winding on the type of
core which is to be used in the final
product. From these measurements
the voltage per turn at the desirable

operating point
can be calculated,
yielding a basis
for determining
the final winding
data.

It i necessary
that the perform
ance of this experi
mental winding he
determined with a
sinu oidal voltage
impressed on the
coil, since the final
design will be used
on a circuit of es
sentially sinusoi
dal voltage.

Figure I (a) shows a simple circuit
for measuring the no-load losses by
means of a wattmeter and a series
rheostat to reduce the line voltage.
The results of a series of measure
ments made with thi circuit on a

HARMONIC distortion is a phe
nomenon constantly dealt with by
the communications engineer. It
is by means of distortion in non
linear circuit elements that modu
lation, demodulation, and fre
quency multiplication are made
possible. On the other hand, dis
tortion is one of the most easily
neglected sources of error in elec
trical ,neasurements at conununi
cation frequencies. Experim.enter
readers will recall Mr. Thiessen's
discussion of waveform errors in
filter measurement published in
the March, 1935, Experim.ente,'.
The present article discusses a
similar type of error in power
transformer nleasure,nents.

are.
In the design of

power transform
ers one of the factors which must be
taken into consideration is the mag
nitude of the no-load losses. These
are commonly determined by meas
urement with a wattmeter as a func
tion of the voltage applied to an ex-

[~~]LTHOUGH neady ev",y

A communicat~ons engineer
has, at one tlme or anoth
er, been concerned with

the design of pow
er-supply equip
ment, he seldom
considers the re
sults of harmonic
distortion at com
mercial power fre
quencies. Iron
core circuit ele
ments, however,
are non-linear, and,
while either vol tage
or current may be
inusoidal, both

quantities never
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FIGURE 1. (a) Circuit for measuring the no
load loss of a power transformer using a series
rheostat to vary line voltage. (b) Similar cir-

Icuit using the VARIAC
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FIGURE 2. Power loss curves obtained by
measurement using the circuits of Figure 1.

Note that the results differ by 50%

[

[
(a)

sample winding yielded the lower of
the two curves shown in Figure 2.
When, however, a VARIAC, connect
ed as indicated in Figure 1 (b), was
used to reduce the line voltage, the
upper curve of Figure 2 resulted.
Since the losses as measured when
using the rheostat were some 50~o

lower than those obtained using the
VARIAC, the waveforms of current
and voltages in the two circuits were
examined in order to determine which
(if either) of the curves was correct.

To do this the circuit of Figure 3
was set up. With the VARIAC and

RHEOSTAT

the rheostat adjusted to give the same
r-m-s voltage as read on the voltmeter
V. the oscillograms of Figure 4 and
Figure 5 were obtained. Figure 4
shows the voltage and current when
the VARIAC was used. It will be
noted that the voltage is sinusoidal
and the current, as a result of the
non-linearity of the magnetization
curve of the iron, is highly distorted,
containing a large third harmonic.
Similar oscillograms for the rheostat
circuit (shown in Figure 5) indicate
that both the current and voltage are
non-sinusoidal.

A-C LINE

v TYPE 687-8

&
CATHODE RAY
OSCILLOGRAPH

FIGURE 3. Circuit used to obtain the oscillograms of Figure 4 and Figure 5. The 0.05·ohm reo
sistor supplies a voltage drop which is amplified to obtain the current wave shape
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FIGURE 4. Voltage (upper) and current (lower)
in the transformer primary when the VARIAC
is used. The voltage is sinusoidal and the

current distorted

The reason for this is obvious upon
further consideration of the circuit.
The non-sinusoidal current produces
an IR drop of similar waveform in
the rheostat 1. Since the voltage im
pressed on the transformer is the dif
ference of the sinusoidal line voltage
and the distorted IR drop, this volt
age must also be distorted.

The net result as seen by the oscil-

FIGURE 5. Voltage (upper) and current (lower)
when the rheostat is used. Both curves are
non-sinusoidal and the current is lower than

in Figure 5

lograms is a considerably lower cur
rent when the rheostat is used. Both
core loss and copper loss depend up··
on current, and the power consumed
is therefore less than in the VARIAC
arrangement.

The VARIAC, since it duplicates
the desired operating condition of
sinusoidal line voltage, gives the cor
rect result.-A NEW MODEL OF THE EDGERTON STROBOSCOPE

A REDESIGN of the TYPE 548-A Ed
gerton Stroboscope has recently

been made in order to incorporate
certain improvements and to utilize
a more modern rectifier tube, the
83-type. Chief result of the redesign
is a greater range of flash speeds. The
new model, TYPE 548-B, can be used
reliably at speeds slightly in excess
of 200 per second.

Other specifications are unchanged
and the price remains at $290.00.
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THE EDGERTON STROBOSCOPE

STROBOSCOPY in the industrial
field has reached its present stale
of excellence largely through the
efforts of Professor Harold E. Ed
get·ton of Massachusetts Institute
of Technology. Professor Edgerton
and Mr. Kenneth Germeshausen
are responsible for the fundamental
development underlying the three
types of General Radio strobo
scopes.

In addition to the Type 548-B
Strohoscope described herewith, the
Genet"al Radio Company manufac
tures the Type 631-A Strobotac, a
neon-lamp instrument intended
primarily for speed measurements,
and the Type 621 Edgerton Power
Stt"oboscope, a high- power instru
ment suitable for taking high
speed motion pictures in conjunc
tion with the Type 651-A Camera.

THE TYPE 548-A Edgerton Strobo
scope, now approaching its third

birthday, has already achieved a posi
tion of some importance in the indus·
trial scene.

The study of high-speed motion
which the design and maintenance of
modern machinery requires can be
satisfactorily made only by the strobo-

.......... "II"......~---..._-----

:··l~

scopic method. The Edgerton Strobo
scope, because of its brilliant, short
flash, has readily found its way into
fields where older types of strobo·
scopes were not acceptable, and it is
ufled today in some part of the design
or manufacture of machines, auto
mobiles, engines, instruments, cam·
eras, electric motors, metal products,
and textiles. The fact that some
twenty engineering schools and uni
versities are users of this instrument
is further evidence of its utility in
mechanical and electrical engineer
ing.

The accompanying photogl"aphs,
taken in the laboratories of the Emel"
son Electric Manufacturing Com
pany, makers of motors, fans, and
electrical specialties, are an excellent
example of the use of the stl"oboscope
in industl"Y. For manufactul"ers of
this type of pl"oduct, the stroboscope
is not only a ,means of laboratory test
ing on new products but is also the
key to better design and more satis
factory performance. Emel"son engi
neers have found it the only satisfac
tory method of determining the vi
bration and distortion of fan blades
and hubs.

Photograph!, Courtesy Emerson ltlanufacturing Company
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TYPE 559-8 NOISE METER

5

ALTHOUGH heralded by ballyhoo
which might have ruined a less
hardy child, the cause of "noiso
abatement," joint Offspl'ing of the
social and the physical sciences,
continues to flourish and shows dis·
tinct promise of a long and useful
career.

In the factory, the offLce, and the
store, noise reduction receives Dlorc
and more anention as employers
realize that noise takes its share of
nervous energy with a consequent
reduction in effLciency. Far less at
tention would be paid to critics of
the machine age if its identifying
characteristic were not the claner
and din of machinery.

FOR industrial noise measurement
and noise . level surveys, the noise

meter is the most convenient instru
ment to use. It combines a reasonable
accuracy with low cost, rugged con
struction, and portability.

The TYPE 559-A Noise Meter, an·
nounced in March, 1933,* was one of
the first low-priced noise-measuring
instruments available. Its reference
level was the average threshold of
hearing at 1000 cycles, since this level
was used by many investigators at
that time. It is only recently, how
ever, that there has been any degree
of standardization in this respect, and
at present the tendency seems to be to
favor a reference level approximately
7 db lower, which represents the
threshold of hearing for a person
whose hearing is unusually acute.
This new reference level, as recom
mended by the American Standards
Association, is 10-16 watts per square
centimeter at 1000 cycles.

* "Commercial Noise Measurement, n H. H. Scott, General

Radio Experimenter, March, 1933.

The actual reference level of a
noise meter is not particularly im·
pOl'tant, since the readings may be reo
ferred to any desired level by merely
adding or subtracting a fixed number
of decibels, but standardization is de
sirable since it eliminates the neces
sity of corrections between different
instruments.

In order to promote standardiza
tion in noise measurements, the Gen·
eral Radio Company is announcing a
modified noise meter, known as TYPE
5,59-B. This differs from the earlier
model mainly in that the new refer
ence level is used, with the result
that, on any given sound, the new
meter reads 7 db higher than the old
one, The over-all sensitivity has ahu
been increased to the extent of 3 db.
Accordingly, the new noise meter
covers the range from 34 db to 150 db
above 10---16 watts per square centi
meter at 1000 cycles. Users of the
TYPE 559-A Noise Meter can, of
course, compare their readings with
the new reference level by merely
adding 7 db. -H. H. SCOTT

The description of the TYPE 559-A
Noise Meter published in our current
catalog applies, in all particulars ex
cept reference level and range, to the
new model. The price remains un
changed at $190.00.
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USES OF THE VARIAC

To determine the market and appli
cations of the VARIAC, we recent

ly made a survey of a small group of
customers. In the belief that they
will be of interest to our readers, we
are publishing the results of this
analysis. In view of the wide variety
of uses reported, present owners may
find suggestions for increasing the
usefulness of the VARIACS they al
ready have, and others, not acquaint
ed with the versatility of the
VARIAC. may find a convenient so
lution to problems involving the con
trol of voltage.

As a sample, a group of 100 in
voices for the VARIAC representing
the latest 100 orders were taken from
our files in chronological sequence,
with no attempt at selection. A letter
was sent to each purchaser asking
what u e was made of the VARIAC.
To these 100 letters, 70 replies were
received. All but 2 of these indicated,
at least in general terms, what use
was being made of the instrument,
and all but 7 listed specific applica
tions. An analysis of these letters
yields some 24 classes of users and
12 classifications of use. Actually, 96

applications were listed, but many of
them were listed by more than one
customer. These tabulations are
given below.

USERS
Electrical Manufacturing 24

Meters 2
Appliances 2
Motors 1
Controllers 2
Transformers 1
Condensers, Resistors .4
Lamps and Vacuum Tnbes 7
Radio Receivers 2
Radio Transmitters 3

Other Manufacturing 23
Instruments 8
Machinery 4
Glass 1
Dental 1
Chemical and Metallurgical 6
Petroleum Products 3

Edncational Institntions 4
Radio Broadcasting Stations 3
Photo Supply Dealers 3
Electric Power Companies 2
Photographers 2
Research Laboratories 5
.Radio Service 1
Operating Communication Companies 1
Motion Pictures 2

Total 70

USES
(1) Voltage control for testing electrical

equipment 20
(Overload, over-voltage, and un
der-voltage tests on relays,
switches, appliances, radio trans
mitters, radio receivers, electrical
instruments, etc.)

(2) Power-supply control for testing .... 12
(The VARIAC is used in the pri
mary of a high·voltage trans
former.)

(3) Voltage adjustment on vacuum·tube
eqnipment 14

(Adjustment of grid bias, filament
voltage, plate voltage on radio
transmitters, rectifiers, etc., also ex
hausting equipment in vacuum
tube manufacturing,)

(4) Voltage control in manufacturing
processes other than vacuum tube ... 4

(5) Heat control in electric furnaces, oil
baths, electric heaters, etc. . 12

(6) Illumination control in photography. 7
(Used to adjust voltage supplied
to enlargers, flood lights, etc.)



NOVEMBER, 1935 - VOL. X- No.6 7

(7) General laboratory use 7
(8) Manual adjustment of line voltage to

constant value and to boost low vol.
tage 3

(9) Electric lamp life tests and demon
strations. . . . . . . . . . . . . . . . . . . . . . . .. 4

(0) To obtain a wide range of 6O·cycle
calibrating voltage 4

(11) Motor speed control 3
(2) Miscellaneous ... . . . . . . . . . . . . . . . .. 6

a. Demagnetizing iron.
b. Avoid overload in experimen·

tal circnits by increasing vol
tage gradually.

c. Soldering iron-quick heating.
d. Modulating voltage for trans·

mitter tests.
e. Regulate output of electro·

therapeutic equipment.
f. Motion picture exciter lamp

control.

Total 96

The users' classification shows that
some 33'10 of these 70 customers are
engaged in electrical manufacturing
and 31 '10 in other branches of manu
facturing.

The use classification tells us what
these 64'10 do with the VARIAC.
Items (1) and (2), amounting to 33%
of the total uses submitted, are in
electrical testing, nearly all by manu
facturers. Items (4), (5), (ll), and
a portion of (3) are a part of manu
facturing processes, totaling 22%.

Nearly every electrical product,
whether intended for industri'al or
consumer use, must be tested above
and below its normal operating volt
age, and accordingly we find that
the largest individual item is (1)
which covers this field.

The most important single use of
the VARIAC in the manufacturing
process itself is the control of heat.
Item (5), which covers both manu
facturing and laboratory heaters, is
13% of the total.

Grouping these items in another
way, in 70% of the uses, the primary

object is the control of voltage; in
30'10 some other quantity, such as
heat, illumination, or speed, is con·
trolled by means of voltage.

A third grouping can be made by
separating the total into two main
classes. Iu the first, the primary ob
ject is to vary voltage, in the second,
to hold it constant by manual ad
justment. While it is difficult to make
an exact analysis from the data in the
USES table, it appears that in about
75'10 of the uses the voltage is varied,
and in 25'10 it is held constant.

While it is not evident from either
of the above classifications, one addi
tional grouping might be made, a di·
vision between those used by the pur
chaser and those built into equip
ment for resale. A large number of
the VARIACS used in radio trans
mitters and electrical controllers are
used as an integral part of larger as
semblies and resold.

One of the most interesting aspects
of the analysis was the diversity of use
reported. Although the VARIAC has
been on the market a relatively short
time-our patent* on the principle hav
ing just recently been issued-the
number of uses listed exceeds appreci
ably the number of replies received to
our questionnaire. In other words, the
average number of applications per
user reporting was approximately
1.4. Generalizations drawn from lim·
ited data are, of course, not conclu
sive, but the ready acceptance and
wide range of usefulness of the
VARIAC, as il'ldicated by the survey,
undoubtedly predicts for the
VARIAC an industrial career of con·
siderable importance.

'U. S. Pa'en' No. 2,009.013.
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RELAY-RACK MOUNTING FOR THE ELECTRON
OSCILLOGRAPH

FOR the three branches of elec
trical engineering - education,
manufacturing, and research - the
cathode-ray oscillograph has been
a tool of inestimable value. Al
though the merit of its high-impe
dance and practically inertia-less
element has long been recognized
by the research wOl'kers, it is only
in the last few years that modern
vaCUUlll tube production and the
simplified design of linear-time
axis circuits have made it a serious
competitor of the vibrating-element
oscillograph. Recent papers on
multi-element operation by means
of commutation point the way to a
still wider use at commercial power
frequencies, as well as in the COlll
lTIunication field.

To the fields invaded by the elec
tron oscillograph, advertising must
now be added. Although Braun
would undoubtedly have had diffi
culty in visualizing any connection
between his discovery and the man
ly art of shaving, the cathode-ray
oscillograph appears as a research
tool in the current advertising of
the Gillette Safety Razor Co:mpany.

IN the broadcasting station and the
test laboratory, in fact in all perma

nent installations, relay-rack-mounted
equipment is widely used. This
type of mounting provides maximum
accessibility in a minimum space and

permits rear-of-panel interconnections.
Many General Radio instruments

are supplied for relay-rack mounting;
others can be converted for rack
mounting if desired. The TYPE 687-A
Cathode-Ray Oscillograph, not here
tofore available in rack mounting,
has recently been redesigned to facil
itate this conversion.

The new models, TYPE 687-BM and
TYPE 687-BR are identical in their
electrical characteristics and speci
fications with the TYPE 687-A instru
ment, and the changes consist mainly
of a mechanical rearrangement of
parts. The relay-rack model is not
carried in stock as such, but a cabinet
model can be converted to rack
mounting at the customer's request.

The prices given below are for
standard models with fast-screen
tubes.

Type

687-BM
687-BR

Cahinet Model .
Rack Model .

Code Word

CRISP

CALIF

Price

184.00
224.00

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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~L~CTRICAL COMMUNiCATIONS T~CHNIQU~

AND ITS APPLICATIONS IN ALLI~D FI~LDS

THE NEW MODULATION MONITORS

THE recent amendment of Rule
139 by the Broadcast Division of
the Federal Communications
Commission is of vital interest to
everyone connected with radio
broadcasting. This article dis
cusses the speci6ca tions covered
by Section (d) of Rule 139 from
the viewpoint of the broadcasting
station engineer and operator.

stations shall have an
approved modula
tion monitor.

Acc ording to
the Commission's
specifications,
approved monitors
must include a
means by which the
percentage of
modulation can be
continuously and

easily read at all times, and must be
equipped with an over-modulation
alarm signal.

The purpose and usefulness of the
monitor are immediately apparent. By
its use station operators can maintain
the highest possible modulation con·
sistent with good broadcast practice,
and, when modulation exceeds the
capability of the transmitter, the
alarm flashes a warning. A reasonable
balance between inefficient under
modulation and distorted over-modu-

audio-frequency distortion generated
by the transmitter at this level shall be
not over 10%.

(b) That all

[TJrti~n,F'~:.:::m~:::":::~;:
nizing the importance both
to broadcasters and to the

public of operating
every broadcast
channel at a high
efficiency, has for
several years re
quired that all
transmitters be
capable of atisfac
tory operation at a
modulation level of
at least 75%. By a
recent amendment to Rule 139 the
Commission now requires that trans
mitters shall be capable of the still
higher efficiency possible with the re
cent advances in design, and that
means shall be available for continu
ously checking the modulation per
centage. The amended Rule 139 says
in effect:

(a) That all broadcasting trans
mitters shall be capable of delivering
authorized power with a modulation
of at least 85%; and that the total
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lation is thus made possible. These
characteristics are discussed more in
detail later in this article.

Early in 1931 the General Radio
Company placed on the market one of
the first commercial modulation me
ters, the TYPE 457. This instrument
was accurate, simple to operate and
for the first time provided a means for
easily determining modulation per
centage without elaborate testing
equipment. It was, however, a balance
operated device, not direct reading,
and good only for steady-state condi
tions of modulation. The present need
is for a direct-reading instrument
which will follow accurately the rapid
fluctuations resulting from voice or
music modulation of the broadcast
transmitter. The TYPE 731-A Modula
tion Monitor* has been developed to
meet this need.

The first considerable number was
installed in April, 1935, in the owned
and affiliated stations of the Columbia
Broadcasting System as a part of the
complete CLA S 730-A Transmission
Monitoring Assembly. The field trials
thus obtained were of great assistance
in determining how these instruments,
and particularly the modulation moni
tors, worked out in practice in repre
sentative stations.

The transmission monitoring assem
bly not only provides the means for
maintaining a continuous monitor of
modulation percentage, but also for
measuring the total harmonic distor
tion and the residual noise level of the
transmitters. The modulation monitor
is, of course, entirely self-contained
and not dependent upon the other
units in the assembly.

• Monitoring of Broadcasting Station8, L. B. Arguimbau,
General Radio Experimenter, IX, 8 and 9, JaDuary and
February. 1935.

The Federal Communications Com
mission has specified in detail the elec
trical requirements of a suitable moni
tor. These requirements are met ex
actly by the General Radio TYPE 731-A
Modulation Monitor.

The specifications are the result of
a long study of the problem. In order
to obtain the various viewpoints, the
Commission held several conferences
which were attended by engineering
representatives of many operating
companies and manufacturers. As a
result of this study of the monitoring
requirements of the broadcasting sta
tion, the final specificationswere drawn,
taking into consideration that the
monitor as an instrument had to be
simple in operation, accurate, and not
expensive.

The important features which the
monitor must provide are:

(1) A doc meter for setting the aveF
age rectified carrier.

(2) A peak indicating light which
flashes on all peaks exceeding a prede
termined value set at will by operator.
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(3) A meter indicating continuously
the percentage modulation.

The doc meter has two functions:
first, it provides a means for indicating
the reference carrier level at which the
monitor is to operate and, second, it
shows carrier shift during modulation,
which is a warning of inequalities in
positive and negative peaks, with the
resulting probability of distortion.

The flashing light operates when the
modulation exceeds any percentage
that has been pre-set by the operator.
The setting of the level of modulation
above which the lamp flashes is deter
mined by the modulation capability
of the transmitter and by the type of
program. It is set to flash with moder-

ate frequency while things are func
tioning normally. This is usually at a
level of about 85% or higher. Mter a
little experience, the normal rate of
flash to be expected from any particu
lar class of program material becomes
familiar to the operators.

When used at first in conjunction
with a monitoring loudspeaker, a sur
prising facility of modulation level

maintenance is developed by the use
of the light alone. If, without a change
in program, the rhythm of the flashes
is markedly changed, the operator is
immediately warned that something is
wrong. If the flash rate slows down or
stops, the modulation level has dropped
too low, and if the light flashes contin
uously or not in synchronism with the
loudspeaker monitor, trouble has de
veloped in the transmitter. Since the
light is visible at some distance, close
attention to the monitor is not required.
An electrical counter may be attached
to provide a record of the number of
over-modulation flashes occurring in a
given period.

The third requirement is a meter
which reads the actual percentage of
modulation at all times. It can be
switched to read either the positive or
the negative modulation percentage.
The meter has the new high-speed
movement and is about critically
damped. It reaches full-scale deflection
in about 100 milliseconds with almost
no overswing, and returns to zero in
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about the same time. If used directly
on voice or music programs this high
speed movement would follow the
rapidly changing levels faithfully, but
its speed is so great that accurate
monitoring would be difficult, and it
would be rather tiring to watch it for
any length of time, especially for tho e
who are used to the lazy movement of
the older volume indicator meters.

To avoid this it has been specified
that the circuits of the monitor must
be arranged so that, when a pulse of
modulation between 40 and 90 milli
seconds i duration occurs, it is stored
electrically until the meter can reach
90% of its steady-state deflection. It is
not desirable that shorter pulses show
so prominently on the meter as these
short bursts do not contain enough
energy to be bothersome in case of over
modulation. The electrical circuit stores
the pulse and then discharges rather
slowly, the time for the meter to return
from full scale to 10% of full scale being
specified as between 500 and 800 milli
second (it is 700 milliseconds in the
TYPE 731- Modulation Monitor).
The result is a meter action which goes
up extremely rapidly with modulation
peaks and returns relatively slowly.
This action has been selected for several
reasons:

(a) A high-speed meter movement
without the retarded return speed is
rather difficult to follow by eye and
soon results in fatigue, as mentioned
previously.

(b) Monitoring is greatly facilitated
when the meter stays at its top reading
for a short time so that the peaks can
be read.

(c) There is the feeling by observers
that the meter reading corresponds
with the sound heard by ear. This is a
psychological effect and, although not
of great importance, assists in monitor
ing. The dual-speed action (fast-up,
slow-return) gives the impression that
the monitor is following the peaks of
the envelope of the modulation, and,
in fact, it is registering faithfully the
important modulation peaks as they
occur, and the "floating" reading
makes monitoring relatively a simple
matter.

An additional requirement specifies
that the monitor must have an ex
tremely good audio-frequency charac
teristic (± 0.5 db from 30 to 10,000
cycles). This permits accurate measure
ments to be made of the over-all fre
quency response of a transmitter.

The foregoing paragraphs discuss
the principal features of the specifica
tions for modulation monitors as -pub-

Panel view of TYPE 731·A Modulation Monitor
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lished by the Federal Communications
Commission in a letter dated October
29, 1935, supplementing the new
amended Rule 139.

All monitors to be approved by the
Commission are first carefully checked
by the Bureau of Standards. t the

time of our going to press the Bureau
was not prepared to begin these tests,
but, when the test set-ups are ready, a
stock model of the General Radio
modulation monitor will be submitted
for test in order to obtain formal
approval. -ARTHUR E. THIESSEN

Specifications for the TYPE 731-A Modulation Monitor will gladly be
sent on request. A limited number of instruments are available for
immediate delivery. Orders will also be accepted with delivery contin
gent upon approval by the Federal Communications Commission.

Type Code Word Price

731-A I Modulation Monitor* 1 EXIST 195.00

• This instrument is manufactured and sold under the following U. S. Patents and license agreements:
Patent No. 1,999,869
Patent No. 2,012,291
Patent Applied For.

~~

A NOTE ON THE MEASUREMENT OF METER SPEEDS

THE measurement of meter speed in
the new modulation monitor pre

ents an interesting problem. Photo
graphing the action of the meter with
a high-speed camera and a stroboscopic
light ource is a satisfactory method,

The plots of Figure 1 and Figure 2
were made from data obtained from
thi type of motion picture record. In
order to compare accurately the mo
tion of the pointer \\ith the duration
of the pulse, the modulation meter and
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FIGURE 1 (left). Plot of meter deflectiou vs. time when a pulse of 55 milliseconds duration is
applied. The pulse length is just sufficient to bring the meter to 90% of its steady-state reading
on a pulse of the same amplitude. ote that the meter does not reach its maximum deflection

until after the end of the pulse

FIGURE 2 (right). Deflection vs. time plot showing the meter returning to zero. The time
reqnired for the meter to return to 10% of its initial reading is 700 milliseconds
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a cathode-ray oscillograph were set up
side by side, and the pulse applied to
the meter was used to deflect the oscil
lograph beam. Flashing the stroboscope
lamp at a speed of 60 per second gave a
sufficiently complete record. From Fig
ure 3, which shows a section of film, it
will be noted that the trace on the
cathode-ray tube is recorded contin-

FIGURE 3. A section showing two frames of
the motion picture record. The order of pro
gression is from top to bottom. The oscillo
gram is recorded continuously while the meter
is photographed at intervals of 1/60th second
by means of the stroboscopic flash. The index
mark was placed opposite the spot on the
cathode-ray tube and indicates the position of
the spot at the instant each photograph is
taken. When the oscillogram becomes a
straight line, showing the end of the pulse. the
meter has not yet reached its maximum read
ing. This is shown graphically in Figure 1. In
this photograph the oscillogram has been re
touched to make it suitable for halftone re-

production

uously, while the meter is photographed
at intervals of 1/60th second.

A DIRECT-INDICATING AUDIO-FREQUENCY METER

A
DIRECT-INDICA~ING audio-fre

quency meter IS a great conve
nience in many laboratory measure
ments, or in production and testing
operations where a large number of
measurements must be quickly made.
In some cases, a continuous indication

of the value of a varying frequency is
required. To meet these requirements,
the TYPE 834-A Electronic Frequency
Meter has been developed. This instru
ment is of radically new design, is
direct reading from zero to 5000 cycles
per second, and operates from the a-c
line.

The meter consists, essentially, of an
amplifier, a gas-discharge-tube counter,
and an indicator. The fundamental
circuit design of the instrument was
devised by Dr. F. V. Hunt.*

Figure 1 is a schematic diagram show
ing the important circuit elements. A
detailed explanation of the operation
of the circuit will be found in a recent

• Cruft Laboratory, Harvard University.
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FIGURE 1. Schematic circuit diagram
of the electronic frequency meter.
For convenience, batteries are shown
supplying the grid and meter bi
ases. T 1 is an amplifier, T2 and Ts
are gas - discharge tubes; T4 is a
double diode, and T 5 a voltage regu
lator. The circuits R, C, control the
voltage on the grids. of ~he gas.dis
charge tubes; the CirCUIts R"" Cm,
control the action of the double

diode

articlet by Dr. Hunt published in the
Review of Scientific Instruments.

The principle of operation is, briefly,
as follows: On the application of an
alternating voltage to the grids of the
gas-discharge tubes, the tubes become
alternately conducting and non-con
ducting. At each transition of the cur
rent from one tube to the other, a
single, short CffiTent pulse is sent
through the indicator circuit. As the
successive current pulses are identical,
the meter reading will depend only on
the number of pulses per second, or the
frequency.

The instrument includes a one
stage amplifier, the gas-discharge-tube
counter circuit, diode switching tube,
frequency-indicating meter and power
supply (with rectifier and voltage
regulator) .

The amplifier provides for satis
factory operation on signal inputs of
three volts or less, and also provides
a high impedance input circuit (one
megohm). By the arrangement of the
amplifier circuit, provision is made for
satisfactory operation over a wide
range of signal input voltages, up to
200 volts, with no change in indication
of frequency.

Five ranges are provided, each
starting at zero and extending to 200,

t A Direct.Reading Frequency Meter Suitable for High.
Speed Recording. Review of Scient.ific In$t.rument8. 6. 2.
January. 1935.

500, 1000, 2000, and 5000 cycles. The
desired range is selected by means of a
multiplier switch mounted on the
panel. Individual adjustments are pro
vided for making the indication agree
with the scale of the meter on each
range. These adjustments are made at
the factory, but, if necessary, readjust
ment may be made in the field. All
adjustments are accessible from the
panel, which is intended for mounting
in a 19-inch relay rack.

The TYPE 834-A Electronic Fre
quency Meter is a time-saving aid in
frequency measurements, such as the
routine checking of a large number of
radio transmitters. Generally, in such
cases, the first question to be answered
is: "Is the station frequency within the
allowed tolerance?" and second, "How
much does the station frequency devi
ate from the assigned value?" Both
questions may be answered by the
meter, but, having answered the first,
often no further attention need be
given to those stations falling well
within the allowed tolerance.

In crystal grinding and similar
adjustment operations, the indica
tions of the frequency meter provide a
continuous check on the progress of
the adjustment - indicating when
coarse adjustment is safe and also
indicating when fine adjustments must
be made to obtain the final desired
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FIGURE 2. Panel view of TYPE 834-A Electronic Frequency Meter

value. Another example of this use is
in tuning motor horns, chimes, and
similar devices, where the continuous
indication of the frequency is invalua
ble during the progress of adjustment.

When utilized with a sound or vibra
tion pickup, the frequency meter is
valuable in analyzing vibrations in
machinery.

A simplified model of the electronic

frequency meter will shortly be avail·
able for use in monitoring radio trans
mitters. This instrument, the TYPE
682-A Frequency-Deviation Meter, is
intended to operate in conjunction with
the TYPE 475-A Frequency Monitor
which furnishes the power supply for
the frequency meter, as well as the
audio-frequency beat tone on which
the meter operates. - J. K. CLAPP

The TYPE 834.A Electronic Frequency Meter is available for immediate delivery. This instr-ument is manufactured
and sold under the following U. S. Patents and license agreements:

Designs and patent applications of Dr. F. V. Hunt.
Patents of the American Telephone and Telegraph Company, solely for utilization in research, in\'estigation, meas

urement, testing, instruction and development work in pure and applied science.

Type

834-A I Electronic Frequency Meter ... I
Code Word

MUCUS

Price

$250.00
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