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denser (D. B. Sinclair: October-November,
1938)
Connection Errors 1n Capacitance Measurements
(R. F. Field: January, 1938)

726-A Vacuum-Tube Voltmeter
Checking Antenna Power with the Type 726-A
Vacuum-Tube Voltmeter (D. B. Sinclair: Ilay,
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THE MEASUREMENT OF MUTUAL INDUCTANCE
• M UT UALIN Due TAN CE is one
of the most important properties of
electrical circuits. By means of it the
world's power is transmuted from gen
erator voltage to transmission line
voltage and back to the voltage suit
able for our motors and electric lights.
Yet the measurement of mutual in
ductance is of little importance as com
pared to measurements of self-induc
tance, capacitance, and resistance.

The major reason for this slighting of
mutual inductance lies in the interest
ing fact that iron-core transformers are
nearly perfect. The mutual inductance
between the primary and secondary
windings has so nearly its maximum
value that no ordinary measurement of
it could distinguish the minute dif
ference. Such differences are of course
of great importance and are measured
by some characteristic of the trans
former itself, the voltage regulation of
a power transformer or its leakage re
actance, and the frequency character·
istic of an audio transformer.

The general theory of coupled cir
cuits involves at one extreme the
closely coupled iron-core transformers
just mentioned and at the other ex
treme the loosely coupled tuned cir
cuits of radio-frequency amplifiers, of
which the neutrodyne receiver of Haz
eltine is an historical example. Such
loosely coupled circuits are now being
used as band-pass filters at the inter
mediate frequency of heterodyne re
ceivers.

Mutual inductance is unique in that
it can exist only in the presence of self
inductance. An important measure of
mutual inductance is its ratio to the
geometric mean of the two self-induc
tances it connects, called the coefficient
of coupling, k.

k = ~ (1)
yL1 L 2

which may have any value from zero to
unity. In loosely-coupled tuned circuits
the resonance curve has a single peak
for all values of coupling coefficient

ALSO IN THIS ISSUE: New Wave Filters
A Handy Voltage Divider
A Wide· Range R-F Choke
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less than a so-called critical coupling. l

A larger coupling coefficient results in
a flattened top with the steepness of
the sides maintained. The measurement
of this small mutual inductance is of
considerable importance in the adjust
ment of i-f filters.

Mutual inductance may be measured
by using as a standard of comparison a
mutual inductance, a self-inductance,
or a capacitance. When the standard
mutual inductance is continuously va
riable and of such a range that it can be
made equal to the unknown mutual in
ductance, the Felici mutual-inductance
balance is the simplest method. As

E

FIGURE 1. Felici mutual-inductance balance

shown in Figure 1, the primaries of bo th
mu tual inductances, unknown and
standard, are connected in series to a
power source. Their secondaries are
also connected in series to a suitable
detector, head telephones, or other a-c
operated meter, in such direction that
their induced voltages oppose. The
standard is then varied until a balance
is obtained, when

M x = M s (2)
The error in this measurement is es
sentially that of the standard, pro
vided that the capacitive reactances
between the coils of the mutual in
ductances are large compared with
their mutual reactances and that the
impedance of the detector is small.

1 ke = vD, D. or .,Me = ~a where D, and D~ are
t1le disaipation {actOrB (reciprocal at storage factor fJ) of
primary and secondary.

2

TYPE 107 Variable Inductors are cali
brated in such a way that the mutual
inductance between their rotor and
stator windings can be easily obtained
from their dials calibrated in self-induc
tance. For a 1% full-scale accuracy
of this dial calibration, the error in
the mutual inductance will range from
2.5% to 10% over the portion of the
scale normally used.

When the primary and secondary
windings of a mutual inductance are
connected in series, the self-inductance
L of the pair is

L = L 1 + L 2 ± 2M (3)
The mutual inductance M may be cal
culated from the two self-inductances
La and La obtained with the two coils
aiding and opposing (using the + and
- signs before 2M).

M = 3i (L: - La) (4)
:For a coefficient of coupling nearly
unity where La is very small compared
to La, the error in the determination of
M is that of La itself. For smaller coup
ling coefficients this error increases, as
always happens when the difference of
two nearly equal numbers enters in any

FIGURE 2. TYPE 107 Variable Inductor.
Mutual inductance at any setting is one-half
the difference of the scale reading and the
value of self-inductance at zero mutual in·

ductance as entered on the nameplate



The self-inductance Lp of the winding

•
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FIGURE 5. The Campbell Mutual-Inductance
Bridge

connected into the bridge arm may be
measured by removing the other wind
ing from the detector circuit. Denoting
these bridge readings by primes,

B'
-A-B
A'

M = L N (6)
A+B

= B' - B L N if A = A' (7)
A+B

Such measurements are easily made on
the TYPE 667-A Inductance Bridge by 
connecting one winding of the mutual ~
inductance to the unknown terminals c:
and the other winding in series with >
the detector. The errors are slightly ::c

-<

....-------E--------,

(5)
M= ALp -BLN

A+B

lR. F. Field, HThe Measurement or a Small Indue.
tance." General Radio Experimenter. Vol. VIII, No. 10,
March, 1934.

formula. For example, when K = 0.1
and L 1 = L 2, the error will be increased
fivefold. The measurement of self-in
ductance may be made on a TYPE
650-A Impedance Bridge with an error
of 2jlh or 2% and on a TYPE 667-A In
ductance Bridge with an error of 0.1 J.lh
or 0.2%. The errors which occur in in
ductance measurements were discussed
in considerable detail in the General
Radio Experimenter for March, 1934.1

The TYPE 293-A Universal Bridge may
also be used with resultant errors which
lie between those of the other bridges
mentioned. In bridges having a decade
ratio arm, from the setting of which the
self-inductance is calculated, such as
the TYPE 667-A and TYPE 293-A
Bridges, the increase in the error as the
two separate bridge balances approach
one another is minimized if one ratio
arm is kept fixed and the change in
balance taken up by minimum changes
in the other. The error is then that of
the change in resistance of the decade
ratio arm.

Mutual inductance may be compared
with a self-inductance on the Campbell
mutual-inductance bridge shown in
Figure 5.

FIGURE 3. TYPE 650-A Impedance Bridge FIGURE 4. TYPE 667-A Inductance Bridge CQ
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The resistance P includes that of the
winding connected in that arm, which
is somewhat difficult to obtain. This
bridge circuit may be set up on the
TYPE 293-A Universal Bridge, using
as a capacitance standard a suitable
TYPE 509 Mica Condenser.

-R. F. FIELD

ference between the two bridge set
tings is reduced by at least a factor of
three and there is a greater chance of
keeping both the bridge balances within
a single decade setting lower than the
highest one used.

A capacitance may be used as a
standard for comparison with an un
known mutual inrluctance on the Carey
Foster mutual-inductance bridgeshown
in Figure 6.

a::.........
z:.....
==
a::.....
a..
><.....

.....
ce
a::.....
z:.....
~

...------E-------,

FIGURE 6. The Carey Foster Mutual·Induc·
tance Bridge

less than for the previous case hecause
for a given mutual inductance the dif·

M = APCB (8)

NEW WAVE FILTERS
• THE RE is a steady demand for
wave filters offering a moderate amount
of discrimination between the desired
and undesired frequencies and having
a moderate sharpness of cutoff. For
some years the General Radio Com·
pany has been supplying TYPE 330
Filters for general-purpose laboratory
use. For a number of uses, however, a
sharper cutoff is required, and after a
considerable period of supplying in
dividually-designed filters for particu
lar applications, the TYPE 830 Filter
is offered as a stock item.

In discussing filter performance the
quantities of interest are usually the
sharpness of cutoff or, more briefly, the
"sharpness," and the "discrimination"
or difference between the insertion loss
in decibels for the wanted and un
wanted frequencies. For certain appli
cations, peaks in the attenuation curve
are important for the suppression of
particular frequencies or harmonics.

4

A filter for general application, how
ever, should be designed so that in the
valleys between the peaks the filter
never gives less than a certain required
attenuation. From this standpoint the
height of the lowest valley measures the
"discrimination," and if there is more
than one valley the best design will
make them all of the same height. Hav
ing defined the "discrimination" as the
minimum valley height, the "sharp
ness" can be defined as the frequency
ratio in which the discrimination is
obtained. Both these quantities are
indicated in the typical filter charac
teristic of Figure l.

For certain applications the most
important consideration is sharpness
of cutoff. For other applications a wide
frequency interval is available for the
transition from the pass band to the
attenuation region, but considerable
discrimination is required between
frequencies in the two regions. The con-



FIGURE 2 (left). Characteristics of lOOO-cycle, low-pass and high-pass filter
FIGURE 3 (right). The SOO-cycle, high-pass and lOOO-cycle, low-pass types can be combined to

form a band-pass fIlter covering one octave
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Type 830 Filters are manufactured and 80ld under patents of
tbe American Telephone and Telegraph Company 801ely for
utilization in research investigation, measurement, testiDg.
instruction and development work in pure aDd applied
8cience.
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fREQ.U£NCV IN CYClES PER SECOND

TYPE 830 Wave Filters are available
in both high-pass and low-pass types.
Stock models have cut-off frequencies
of either 500 or 1000 cycles and image
impedances of either 500 or 5000 ohms.
Complete specifications are given on
page 114 of Catalog J.

f· f.
FREQ:UENCY

FIGURE 1. Insertion loss characteristic of a
filter indicating what is meant by discrimina
tion and sharpness. The ratio ~; (or its recip
rocal, depending on whether the filter is low
pass or high-pass) is a measure of sharpness
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ditions on the design which are nec
essary to obtain a sharp cutoff are
very different from those which will
give a large amount of discrimination.
It turns out, in fact, that the greater
the sharpness which is obtained by
proportioning the elements in a par
ticular configuration, the less will be
the discrimination.

In the TYPE 830 Wave Filters the
endeavor has been made to reach a
compromise between sharpness and dis
crimination which will be satisfactory
for a large number of applications. The
insertion loss characteristic when the
filter is working between constant
resistance terminations is shown in
Figure 2. It will be seen that the
"discrimination" is slightly over 40
decibels and the "sharpness" is such
that this value is reached at 1.5 times
the cutoff for the low-pass types or .67
of the cutoff for the high-pass types.

High-pass and low-pass types can
be used in tandem to provide a band
pass filter where the interval to be
covered is one octave or more. The
attenuation characteristic of such a
combination is shown in Figure 3.

- W. . TUTTLE
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A HANDY VOLTAGE DIVIDER

SPECIFICATIONS
Power Dissipation: TYPE 154-A, 6

watts; TYPE 154-B, 12 watts.
Accuracy of Resistance: ± 10%.
Mounting: Standard 3-hole; see ac

companying sketch.
Dimensions: TYPE 154.A, 3~ inches

(maximum diameter) x 1% inches
(height). TYPE 154.B, 3~ inches
(maximum diameter) x 2J/g inches
(height).

Net Weight: TYPE 154.A, 6 ounces;
TYPE 154-B, 8 ounces.

• I N BUI LDIN G specialized labora
tory equipment and in circuit. develop
ment work, the engineer often needs
an inexpensive, compact, and easily
adjustable voltage divider for supply
ing plate and grid voltages to vacuum
tubes. In several recently-developed
General Radio instruments, the units
shown in the accompanying photo
graph have been used for this purpose
and have proved so useful that they
are now offered for general sale.

The resistance winding and the
moulded bakelite forms are identical
in construction with those used in
TYPE 471-A and TYPE 314-A Rheostat
Potentiometers. Three adjustable rota
ry contacts are provided, each cover·
ing one-third of the total resistance.
Adjustments are made by loosening a
thumbscrew and movin~ the arm to
the desired position, after which the
adjustment is locked by tightening the
thumbscrew.

ce:
L&.I

c..
><
L&.I

Type Total Resistance Code Word Price

154-A 5,000 f! DIVIDAlUIY 6.50
154-A 10,000 f! DIVIDBOAT 6.50
154-A 20,000 f! DIVIDCAPE 6.50

154-B 50,000 f! DIVIDEYRE 8.50
154-B 100,000 f! DIVIDFACT 8.50
154-B 200,000 f! DIVlDGIRL 8.50

6



A WIDE-RANGE R-F CHOKE

• THE UTI LIT Y of most general
purpose radio-frequency chokes is
limited to operation over a compara
tively narrow range of frequencies.
Ordinary methods of winding produce
a high value of distrihuted capaci
tance, while separating the winding
into several individual sections in series
results in such a large number of reso
nant frequencies that at least one is
usually located in the band where it is
desired to work. The TYPE 119-A
Radio-Frequency Choke has been de
signed to eliminate these faults.

The winding is composed of a large
number of spiral-wound pies, each only
one wire wide. By this method, the
capacitance is much more uniformly
distributed than with thicker pies,
resulting in only one resonant point.
The effective capacitance is extremely
low, so that the choke is useful at fairly
high radio frequencies.

The specifications for TYPE 119-A
Radio-Frequency Choke are listed
below. It will be noted that the capaci
tance of 2 fJ.fJ.f is extremely low for an

inductance of 250 mho These constants
are practically independent of fre
quency and no minor resonances are
found up to at least 50 megacycles.

In addition to its function as a choke
this unit has been found extremel;
useful as the inductance element ill

high-impedance low-pass filters.

SPECIFICATIONS

Inductance: 250 millihenrys.
Capacitance: 2 fJ.fJ.f.

D-C Resistance: 450 ohms.
Maximum Current: 60 milliamperes.
Dimensions: Base, Hi x I%; inches;

height, l)/g inches, over-all.
Mounting: See sketch.
Net Weight: 3 ounces.

-»
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Code Word

BIAGE

Price

1.50
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.AMONG RECENT VISITORS
to the General Radio Laboratories was
Dr. Georg Keinath, Director of tbe
Instrument Laboratories of Siemens
and Halske. Dr. Keinath is the author
of "Die Technik Electrische Mess
gerate," a well-known text on electrical
measuring instruments.

.THE "R.M.A. ENGINEER,"
published by the Engineering Di vision
of the Radio Manufacturers' Associa
tion made its first appearance with the
Fall Meeting of the IRE at Rochester.
This publication, which will carry
standardization reports and similar
data, as well as technical articles, will
be issued three times a year. Volume I,

o. 1 is an achievement of which the
board of editors may be proud.

• PER I 0 DI CAL LY it becomes
necessary to revise the Experimenter
and catalog mailing list. Shortly after
you receive this issue of the Experi
menter, a post card "subscription" re
newal form will reach you. The revised
G-R mailing list will be made up from
the returns received from these cards.

In order to insure your name remain
ing on the list, the return card should
be filled in completely and mailed
promptly.

• AN INGENIOUS solution to a dif·
ficult problem is illustrated in the ac
companying photograph.

The wheel shown in the photograph
is an e~erimentaI part for a new in
tegrator now under development in the
Electrical Engineering Research Lab
oratory at Massachusetts Institute of
Technology. The problem is to measure
the friction losses. Since the shaft runs
in enclosed jewel bearings, it is not ac
cessible for speed measurement. Fur
thermore, the power level involved is so
small as to preclude the possibility of
measurement by ordinary means.

The solution devised by Dr. S. H .
Caldwell and Mr. J. J. Jaeger of Massa
chusetts Institute of Technology is
simple. A General Radio Strobotac was
set at a convenient value of speed, and
the disc was driven by a stream of
compressed air until its speed was
above that of the flashing Strobotac
lamp. The disc was then allowed to
coast to a standstill. Whenever its
speed or a multiple of it coincided with
the fundamental. or a subharmonic of
the Strobotac flash speed, the disc ap
peared to stand still momentarily. In
tervals between these points were
timed with a stop watch, and a speed
vs.-time curve for the complete decel
eration period was plotted. From this
curve and the moment of inertia, the
frictional loss was easily calculated.

RADIO COMPANY
CAMBRIDGE A, MASSACH USETTS

OFFICE - 90 WEST STREET, NEW YORK CITY

GENERAL
30 STATE STREET
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BUILDING PRECISION INTO AN AIR CONDENSER
• I N TECHNI CAL FIE l DS, uni
versal acceptance for a product does
not depend on ballyhoo, but can result
only from recognized excellence. This
quality has made General Radio pre
cision condensers the standard of ca
pacitance for the electrical-communi·
cations industry.

The life span of the
well-known TYPE 222 Pre
cision Condenser (1919·
1936) is traceable directly
to the excellence of the
original design plus a full
utilization of advances in
materials and manufac
turing methods. A good
condenser in 1919 because
it was well ahead of cur
rent practice, it was still a
good condenser in 1936
because it had kept abreast
of advances in the art. The
end of research and ex
perience, however, is not

ALSO IN THIS ISSUE:

A Diatonic Scale Disc

Price Change-Type 732·A
Distortion and Noise Meter

to carry this process to the point of put
ting V-8 motors under Model-T hoods,
but to point the way through better
fundamental design to better products.
Hence the TYPE 722*, a better precision
condenser than the best 222.

*A New Precision Condenser, Experimenter, Vol. X,
No.8, January, 1936.
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Probably the most important of the
desirable characteristics of a precision
condenser are linearity, stabiljty, and
reset accuracy. Linearity of capaci
tance with scale setting depends on the
shape and alignment of the plates,
stability and reset accuracy upon free
dom from both backlash and eccen
tricity in the moving parts. All three
are a hmction of manufacturing toler
ances. Backlash, eccentricity, and lack
of alignment are matters of degree

TOLERANCES

operations. Fabrication of the metal
alone into parts involves some forty
operations performed by thirty-two
men. A single workman assembles the
parts into the finished instrument.
Most of these operation are carried
on in our own plant. A few, however,
are more conveniently done outside.

Although material and men produce
the finished condenser, tools play an
important part. Specially-designed jigs,
dies, and forming tool are u ed, as well
as the standard types used on lathes
and milling machines. The variable air
condenser is an electrical device, but
the manufacturing operations which
produce it are entirely mechanical. All
factors affecting its stability and, in
fact, all its characteristics except accu
racy of calibration depend solely on
mechanical considerations. Because of
this, manufactm'ing tolerances are
extremely important.

FIGURE 2. Approximate proportions of
materials used in a TYPE 722-F Precision

Condenser

"a

MEN AND TOOLS

The precision condenser appears to
be, and is, a simple instrument, but the
manufacturing, although not com
plicated, embraces a wide variety of

• A Ne .... Precision Condenser, Experimenter, Vol.
No.8. January. 1936.

De ign is the medium of the engineer.
Materials and men produce the finished
instrument. The engineer's story has
already been told.* Here we present
briefly the manufacturing side.

MATERIALS

FIG RE 1. Panel view of TypE 722-D Precision
Condenser

Choice of materials is a function of
the designer, their fabrication a matter
of manufacturing. Any modern
product, whether a laboratory in-
trument or a typewriter, is made up

of a surprising variety of raw materials.
The TYPE 722 Precision Condenser
appear at a glance to be an aluminum
conden er in a wood cabinet, and in
deed the e are the two major con titu
ents. In all, however, a dozen different
materials are used, the proportions of
the major ones being shown in Figure
2. These materials are made into over
eighty different parts, ranging from a
casting weighing 1% pounds to a tiny
phosphor bronze spring weighing a
small fraction of an ounce.
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only, and the precIsIOn with which
parts are machined to a given set of
dimensions determines whether or not
their magnitude is sufficient to be
netected.

The accuracy with which many of
the parts are machined is of the order of
a few ten-thousandths of an inch. The
main rotor shaft, for instance, is held to
a radial tolerance of ± 0.0005 inch; its
bearing surfaces to 0.0002 inch. The
worm haft, on which the worm is cut
directly, has a tolerance of 0.0004 inch.
The radial eccentricity of the gear is
held to less than 0.002 inch. Accurate
alignment of the moving parts is as
sured by machining and drilling the cast
frame in a box jig. Even the dials receive
individual attention. The main drum·
type dial is engraved on a pantograph
engraving machine, while the worm
dial, the accuracy of which directly af
fects the linearity of the condenser, is
engraved on a circular dividing engine
to insure uniformity of its divisions.

uniform calibration curve for the
conden er requires accurate parallelism
of both rotor and stator plates. The e

plates are stamped from full-hard
aluminum and are carefully inspected
for flatness and uniformity of thickness.
Spacers must be cut to within 0.00025
inch.

ASSEMBLY

Care in assembly is fully as Im

portant as precision machining. 0

amount of precise specifications and
workmanship in parts manufacture can
compensate for faulty assembly. Pro
duction-line methods are not suitable;
each condenser is individually as
sembled and adjusted by skillful, ex
perienced workmen.

preliminary assembly of the fJ.·ame,
shafts, and gears is driven by a motor
for twenty minutes with the gears
filled with grinding compound, after
which these parts are thoroughly
washed in gasoline to remove all traces
of abrasive.

The stator unit i as embled in the
casting with fixtures designed to pre·
erve the parallelism of stator rods and

rotor shaft Each air gap i then mea
sured and individual plates are straight-

FIGURE 3. Ma
jor parts of a
TYPE 722·F Pre
cision Condenser
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CALIBRATION

Calibration, besides converting a fine
mechanical instrument into a usable
standard of capacitance, places the seal
of approval on all operations thus far
performed. A few preliminary measure-

FIGURE 4. At the right is shown the motor-driven assembly for "wearing-in" the worm and gear.
After this is finished, the gears must be washed in gasoline, as shown at the left, to remove the

fine particles of grinding compound

ened to correct any lack of parallelism
which may still exist. Straightening
produces strains, and these are re
moved by a heating process which pro
duces in a few hours the same amount
of aging for which years would other
wise be required.
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FIGURE 5. Assembling the rotor plates on the shaft. At the right may be seen a stator assembly
and a completed condenser
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FIGURE 6. Inspecting the assembled condenser for accurate alignment of plates and smooth
action of worm drive

FIGURE 7. Straightening rotor plates after assembly. All plates must be parallel and all air gaps
equal
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ments serve to how up any lack of
plate alignment or faulty manufacture
which might exist. A rigid set of speci
fications mu t be completely met, or
the condenser i rejected.

Calibration for the TYPE 722-F Pre
cision Condenser consists of measure
ments at each of the main scale divi
sions. These data are supplied to the
customer in the form of a table. TYPES
722-M and 722-D, being direct-reading
models, require considerably more at
tention. Ilere, compensating plates are
adjusted until the scale is direct read
ing to an accuracy considerably better
than that indicated by catalog speci
fications. Since these adjustments re-

quire some bending of the adjusting
plates, further heat treatment is nec
essary.

Each condenser receives a t lea tone
additional aging cycle, more if neces
sary. The criterion of complete aging
is that the measured capacitance be
fore and after aging shall be the same
within 0.1 (J.(J.f.

As in the manufacturing process it
self, men plus methods are necessary
to produce the desired result. Calibra
tion are made by trained technicians,
many of them engineering graduates.

ethods are the result of many years'
experience and a careful program of
standardization. - C. E. w.

FIG RE 8. Calibrating a Typz 722-F Precision Condenser
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PRICE CHANGE-TYPE 732·A DISTORTION
AND NOISE METER

• EFFECTIVE March 15, the pnce
of TYPE 732-A Distortion and oise
Meter is 220.00. This makes the price

of the complete CIa s 730-A Trans
mission Monitoring Assembly 477.00.

A DIATONIC SCALE DISC

.THE STROBOSCO'PIC DISC
shown in the illustration makes it~pos

sible to standardize the major tones of
the diatonic scale in terms of A440, the
pitch which is now accepted as stand
ard. The disc is intended to be rotated at
eleven revolutions per second, under
which conditions ring A will be station
ary when illuminated by a lamp flash
ing 440 times per second, and the other
rings when illuminated at their respec
tive frequencies.

Standardization in terms of any other
pitch assigned to A can obviou ly be
accomplished by changing the driving
speed by the ratio of the new pitch to
440.

These discs may be found useful for
purpo e of instruction and demonstra
tion, and we shall be glad to end copies
to those interested.

The standard speed can be obtained
in a nwnber of ways. For precise stand
ardization, a TYPE 611 Syncro-Clock
driven from a 440-cycle standard-fre
quency source* could be used. A fre
quency controlled power line and syn
chronous motor form another possible
system. If an 1800 rpm motor is avail
able, it can be fitted with a 30:11 gear
train to obtain 11 rps. When using a
standard pitch, whether 440 cycles or
some other value, the disc can be driven
from a variable-speed motor and the

speed adjusted until the A ring is sta
tionary.

The disc can be illuminated by
means of a neon lamp connected to the
output of a vacuum-tube amplifier. A
doc bias on the lamp is usually required
to prevent flashing at double frequency.
When the pitch to be measured is pro
duced by a musical instrument,a micro
phone is necessary as well.

In using this disc, it should be remem
bered that it represents the intervals
of the diatonic scale only, and not those
of the tempered scale used on a piano.
The tones of the latter scale are not in
tegrally related, and cannot, therefore,
be standardized on a single peed disc.

• H. W. Lamson••• A imple and Precise Standard of
MUllical Pitch," Journalofthe Acoustical ocietyofAmerica,
Vol. VlL, o. 1, July, 1935,
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• MR. J. V. ARGYLE, Techni
cal Representative of the Canadian
Marconi Company of Montreal, was a
recent visitor at Cambridge. In addi
tion to going over numerous general
policy problems, Mr. Argyle discussed
various technical points pertaining to
our equipment that he thought would
be of interest to Canadian customers.
The Canadian Marconi Company is the
General Radio representative for all
Canada and the distribution of our
products is one of the special activities
of Mr. Argyle's department.

• 0 THE R VI SIT 0 RS to our plant
and laboratories include:

Mr. V. G. Dubenetsky and Mr.
Levitin of the Central Industrial
Radio Laboratory, Glavesprom,
Gorki, U.S.S.R.; Mr. Jyo Yamaguchi,
Engineer of the Tokyo Electric
Company, Tokyo, Japan; and
Mr. W. E. Moser and Mr. Edwards of
the Southampton Station of Mackay
Radio and Telegraph Company.

• MR. A. E. THIE SSE N of our
engineering staff leaves February 22 for
a few weeks on the Pacific Coast. En
route he will speak before the Physics

Club of Chicago, February 23, on
Stroboscopes and their applications. He
also plans to present papers before the
Los Angeles and San Francisco sections
of the Institute of Radio Engineers.
While in California, Mr. Thiessen can
be reached at our 1050 Howard Street,
San Francisco, or 555 So. Flower Street,
Los Angeles, offices.

• DR. W. N. T UTTL E of our en
gineering staff, and Chairman of our
Development Committee, sailed with
Mrs. Tuttle from New York on the
S. S. Europa on January 22 for a skiing
vacation in the Austrian Alps. While on
the continent, Dr. Tuttle expects to
visit our French representative, Ra
diophon of Paris, and our Italian repre
sentative, Ing. S. Belotti & C. of
Milan. Dr. Tuttle is expected to return
about the middle of March.

• ARE MIN DER- Post cards to
correct the Experimenter mailing list
were mailed to Experimenter readers
during the latter part of January. If
you haven't filled in your card and
mailed it, please do so immediately as
the revised list is now being made up
from the cards returned.

30 STATE STREET
BRANCH ENGINEERING

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

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company nume, company ad
dress, type of business company is enguged in, und title or position of
individuul.

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

OFFlCE-90 WEST STREET, NEW YORK CITY
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TUNING THE TYPE 814·A AMPLIFIER
• WHEN working with single-frequency
voltages, particularly in bridge meas
urements, the elimination of harmonics
and hum by means of filters is a distinct
advantage. Tuning units for this
purpose were mentioned in the re
cently-published description of the
TYPE 814-A Amplifier* and are now

*Exper;menter, July.August, 1936.

available for sale. Two models are
offered, one operating at 60 cycles and
the other at either 400 or 1000 cycles.
Nearly all low-frequency bridge meas
urements are made at one of these
frequencies.

These filters are actually parallel
resonant circuits which connect directly
into the grid circuit of the last tube in

FIGURE 1. Showing how the tuned circuit is plugged into a jack on the amplifier panel

ALSO IN THIS ISSUE: Three·Phase Voltage Control with the VARIAC . page 4



the amplifier. This arrangement has
several advantages for a general-pur
pose amplifier. For instance, the fre
quency response of the amplifier is then
independent of the impedance from
which it is working or into which it
works, which would not be the case if
ordinary filters were connected at
either the input or the output. This
means that the amplifier may be used
interchangeably with head telephones,
a-c galvanometers, or cathode-ray
oscillographs without changing its
selectivity characteristics. Further
more, the filters are operating at a
voltage level sufficiently high to elim
inate ordinary inductive interference
while, at the same time, there is little
danger of strong signals in the attenua
tion band overloading the amplifier
and thus affecting its response on
wanted signals as sometimes happens
when filters are used on the output.
Although the filters introduce a small
insertion loss, they do not, in any way,
affect the maximum output voltage of
the amplifier which would be unde-

sirable in those cases where a cathode
ray oscillograph was to be used.

Figure 1 shows the characteristics of
the two filter units. It will be noted that
the attenuation to the second harmonic
is approximately 20 db, and that higher
harmonics are reduced still further.
The attenuation to lower frequencies
is also quite high, which is extremely
desirable for the 400· and lOOO-cycle
filters, since this reduces the possibility
of 60-cycle pickup.

ot only do the characteristics of
these filters provide satisfactory dis
crimination against harmonics and
hum, but they actually lower the total
noise level of the amplifier by restrict
ing the pass band to a small region.
The TYPE 814.A Amplifier, in common
with all other high-gain amplifiers, has
some residual noise, caused mainly by
the first tube and its associated circuits.

oises of this type cover practically
the whole frequency spectrum and,
accordingly, when the response of the
amplifier is restricted to a narrow range,
the total noise is reduced tremendously.

2

FIGUIlE 2. Tbc TYPE 814-P3
lUllcd circuil. TYPE 814-P2 is
similar in appearance, but is
providcd witb a toggle switcb
so that eitber of two resonant
frequencies can be u ed, 400 or

1000 cycles



In fact, when using either of the filters,
the noise in the TYPE 814-A Amplifier
is rendered practically inaudible. When
making bridge balances this is fre
quently as useful as the elimination of
harmonics, since it is the residual noise
which often masks the threshold and
makes sharp balances impossible.

These filters with the TYPE 814-A
Amplifier provide a means for obtain
ing high amplification at a single
bridge frequeucy and with practically
no background noise or interference,
thus making possible an extremely
sharp balance. The slight reduction in
over-all gain at the bridge frequency
caused by the initial insertion loss of
the filter is generally quite negligible,
because the gain of the amplifier is

more than sufficient for most purposes.
The restriction of the frequency re
sponse to a narrow band, however,
improves the ease of balancing the
bridge to an enormous degree.

Each of the filters is mounted in a
small black crackle-finish case similar
to that used on audio-frequency trans
formers and provided with a shielded
cord and a plug which may be inserted
directly in the jack on the panel of the
amplifier. The TYPE 814-P2 is provided
with a switch for shifting the response
from 400 to 1000 cycles. The low price
of these units and the fact that the
TYPE 814-P2 is useful at two fre
quencies make their purchase desirable
for all owners of the TYPE 814-A
Amplifier. - H. H. SCOTT

PriceCode WordFrequency

SPECIFICATIONS
Dimensions: Area of base, 3% x 4 inches; height, 4}/s inches.
Net Weight: 4 pounds.

Type
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FIGURE 3. Frequency characteristics of both tuned circuits. Note that the TYPE SJ4.-P2

is effective in removing 60-cycle hum as well as harmonics of the resonant frequency
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THREE·PHASE VOLTAGE CONTROL WITH THE VARIAC

tubes materially shorten tube life. Sub
normal voltages, on the other hand,
markedly decrease the operating effi
ciency. Resistive voltage controls are
not only wasteful of power but result in
poor regulation, which in turn makes it
impossible to realize the full capabilities
of the balance of the transmitting
equipment. The VARIAC, being pri
marily a non-dissipative device, per
mits the control of a considerable
amount of power in a much smaller
space than that required by resistive
controls of the same power handling
capacity.

Two- and three-gang VARIAC as
semblies can be used on three-phase cir
cuits in exactly the same manner as
single VARIAC units are applied to
single-phase circuits. The two most
useful assemblies of VARIAC units are
the two-gang assembly used in a delta
circuit and the three-gang assembly
connected in a wye. Standard TYPE 100
or TYPE 200 VARIAC assemblies when
connected in a wye may be used to con
trol230-volt or 440-volt circuits.

The phase voltage of a wye-connected
three-phase circuit is equal to the line
voltage divided by the square root of
three. Because of this the US-volt
VARIACS can be used to control a
230-volt three-phase line and the 230
volt models can be used on 440-volt
lines. The output from such a wye
connected assembly is continuously
variable between zero and full-line
voltage.

The open-delta-connected three
phase circuit may be used for the con
trol of US-volt and 230-volt three
phase lines and for obtaining a 230-volt
output from a US-volt source. This
particular connection. with some of the
VARIACS makes it possible either to

• ALTHO UGH THE VARIAC was
designed primarily for use in single
phase circuits, it may be used equally
well on three-phase systems if the
VARIACS are ganged together for op
eration by a single control.

These ganged assemblies are useful
in regulating the input voltage to three
phase rectifiers for the control of heat
ing units for the starting and control of
three-phase motors and for a number of
other applications in which voltage ad
justments on three-phase circuits are
required.

One important application of the
VARIAC control of rectifying units is
in the radio broadcasting station, par
ticularly on composite transmitters.
Excessively high voltages applied to
the filaments and plates of vacuum

FIGURE 1. A Three-Gang Assembly of TYPE



100·K or 100·L Three-Gang Assembly .
100-K or 100-L Two-Gang Assembly .

Three-Gang Assembly .
Two.Gang Assembly .

•
<
CI

-

Price

65.00 ><
45.00

77.00 Z
53.00 CI

160.00 -105.00 l:)

mounting or back-oi-panel mounting is
desired, it is necessary that the as
sembly be reinforced longitudinally so
that no bending what oever of the
shaft will occur. Any bending will, of
course, result in binding of the shaft
and will make the rotation of the con
trol dial difficult. The ganged units are
assembled to order and are priced as
follows.

The table on pages 6 and 7 lists
briefly the characteri tic and ratings
of various combinations.

- L. E. PACKAHD

FIGURE 2. A Two-Gang Assembly of TYPE
100 VARIACS

Three-Gang Assembly .
Two.Gang Assembly .

200·CU
200-C

200·CUH
200·CUH

Variac Type

raise or to lower the output voltage from
the input line value, and hence makes
it possible to compensate for line volt
ages fluctuating either above or below
the desired value. The open-delta cir
cuits listed in Figure 3 are, for most ap
plications, the most economical means
of supplying a given amount of power
but make balancing to ground some
what difficult. If a balance-to-ground is
required, the wye connection i recom
mended.

Another combination, the closed
delta, makes it possible to obtain out
put power and voltage characteri tics
which may be useful in certain special
applications. It is interesting to note
that, with the TYPE 200-CUH and
TYPE 100-L VARIACS connected ac
cording to Diagrams 2 and 5, re
spectively, of Figure 3, an output line
voltage can be obtained which is
greater than the phase voltage of any
VARIAC.

The maximum amount of power
handled by the ganged VARIAC as·
semblies is in all cases equal to the
square root of three, times the product
of the input line voltage and the max
imum output current.

Two· and three-gang assemblies of
both TYPE 100 and TYPE 200 VARIACS
can be supplied. Figures 1 and 2 illu 
crate the manner in which these unit
are assembled. When so assembled,
these VARIACS are intended for ver
tical mounting only. If horizontal

VARIACS are manufaclured and 80ld under .. Palenl2,009,013.
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OUTPUT INPUT

VOLT-AMPERES LINE CURRENT OUTPUT
Line 3-Phase V!~oj l\-umber CIRCUIT CHARACTER-

At Maxi- I At Input Voltage Line Voltage Required ISTICS
Rated ilfaximum anac

mum Voltage Voltage

11S-VOLT CIRCUITS

235 500 0.5 2.5 0-270 115 200-e R 2 ~ LINEAR
.00

>00

320 500 0.5 2.5 58-372 115 200-CDR 3 ~
~ 200

g 100

0
0 ,. .,

"
,

~
~ DIAL ROTATION

1170 1500 5 7.5 0-135 115 200-CD 2 LINEAR

1600 1800 4 9 0-230 115 100-L 2 ~
LINEAR

..~
2000 1800 4 9 58-304 115 100-L 3 ~

~ 200

~ 100

0
0 ,.

>0 "
,

~
~ DIAL ROTATION

3500 3500 15 17.5
I

0-115

I
115 100-K 2 LINEAR

FIGURE 3



230-VOLT CIRCUITS

430 1000 0.5 2.5 0-500 220 200-CUH 3 ~ LINEAR

700 1000 1.5 2.5 0-270 230 200-CUH 2 ~ LINEAR

3000 3000 5 7.5 0-230 230 200-CU 3 ~ LINEAI{

3000 3600 4 9 0-4.40 230 100-L 3 ~ LINEAR

3600 3600 8 9 0-230 230 100-L 2 ~ LINEAR

6000 6000 13 15 0-230 230 100-K 3 ~ LINEAR

440-VOLT CIRCUITS

1900 1900 1.5 2.5 0-440 440 200-CUH 3 ~ LINEAR

6000 6000 7 8 0-440 440 100-L 3 ~ LINEAR

FIGURE 3



TYPE 682-8 FREQUENCY DEVIATION METER
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• Type 682-B Frequency Deviation
Meter replaces the older TYPE 682-A.
It is similar to the old model in prin-

• AM 0 NG recent VISItors to General
Radio: Messrs. Rosenstrom, Noren,
Hoistensson, Sr., and Hoistensson, Jr.,
from Radiofabriken Luxor, Sweden;
also Mr. J. F. Morrison of Bell Tele
phone Laboratories and Mr. J. L.
Middlebrooks of Columbia Broad
casting System, both in Boston for a
few days in connection with the in
stallation of the new transmitting
equipment for WEEI.

• IRE papers delivered: by Mr. Robert
F. Field, "The Schering Bridge," at the

ciple and in operation, but an input
amplifier has been added. The price is
$160.00, the code word, MISTY.

first meeting of the new Montreal
section, January 20; also by Mr. Field,
"Direct-Reading Instruments," before
the Buffalo Section, January 27.

• BULLETIN 20, entitled "The Tech
nique of Noise Measurement" is now
ready for distribution. Copies will be
mailed to all purchasers of TYPE 759-A
Smmd Level Meters and to any others
who are interested.

Please address requests to the Engi
neering Department.

30 STATE STREET
BRANCH ENGINEERING

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

communication-frequency measurement and control problerns. When
sending requests for subscriptions and address-change notices, please
supply the following informCLtion: name, company name, company CLd
dress, type of business company is engCLged in, CLnd title or position of
individual.
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MEASUREMENTS
AND ITS INDUSTRIAL APPLICATIONS

APRIL, 1937

DISTORTION MEASUREMENTS IN' THE BROADCASTING STATION
eQUALITY OF TRANSMISSION
is rapidly becoming an important factor
in successful broadcasting. While pro
gram excellence and strength of signal
go a long way toward determining to
what station John Doe sets the dial of
his 1937 receiver, he is definitely in
Ouenced by a third factor, quality.

Excessive audio-frequency distor
tion is annoying to the radio listener,
and the difference between good-qual
ity and poor-quality stations is ea ily
distinguishable on modern receivers.
Tests have indicated that a 10% total
distortion is about the maximum which
can be tolerated if the signal is to sound
reasonably pleasant to the listener.
Fortunately, it is not difficult to keep
distortion well below this level in tran 
mitting and receiving equipment.

In order to insure acceptable quality
oftransmission, the Federal Communi
cations Commission has required that
no broadcast transmitter shall have
more than 10% combined audio-har
monic distortion when operating at a

level of 85% modulation. This has been
covered in paragraph (a) of the F.C.C.,
Rule 139, dated October 29, 1935.

During recent years, transmitter
manufacturers have placed a good deal
of emphasis on freedom from distortion
and, as a result, transmitters are now
available with distortion levels as low
as 3%. Complete performance charac
teristics of all transmitters intended for
general sale are submitted to the Com
mission as proof that the requirements
are being met.

Holding distortion at a low figure has
consequently become a problem of
maintenance rather than of transmitter
design. In the carefully balanced elec
trical circuits that make up the modern
transmitter, changes in the operating
biases and the characteristics ofvacuum
tubes, as well as the slow aging of other
circuit elements, may result in excessive
distortion. Proper care and mainte
nance are necessary to obtain best
performance. Periodic tests are the
obvious safeguard against excessive

ALSO IN THIS ISSUE: A1000·Cycle Band·Pass Filter
Visual-Type Frequency Monitors
High-Speed Measurement with the Strobotac .

page 5
page 6
page 7



a::
LI.I
I
:z:
LI.I

::IE:

a::
LI.I
a.
><
LI.I

distortion and, when made as part of a
defini te maintenance routine, they add
very little to the duties ofthe operating
staff. Simple test methods and direct
reading instruments have reduced the
testing time to a few seconds.

TEST METHOD
A transmitter which distort at one

audio frequency will usually do so at
all frequencies, although the magnitude
of harmonic components will vary with
frequency in accordance with the over
all characteristics of the transmitter.
A single-frequency test in the middle
of the audio range, therefore, is gener
any accepted as an indicator of trans
mitter distortion. A standard te t
frequency of 400 cycles has been arbi
trarily selected because it is commonly
used in transmitter and receiver test·

ing. Measurements made at this fre
quency are proof acceptable to the
F.e.e. that the transmitter is operating
properly as long as the combined audio
frequency distortion is less than 10%
at 85% modulation.

The method of te t i to apply a pure
sine wave at the input of the pre-ampli
fier or speech amplifier and to measure
the total harmonic distortion placed
on this sine wave by the complete
transmitting system up to the antenna.

TEST INSTRUMENT
The TYPE 732-A Distortion and
oise Meter has been designed to

measure the combined harmonic dis
tortion at 400 cycles. In practice it is
loosely coupled to the output stages of
the transmitter, preferably to the
antenna loading coil or one of its as-

The Class 730-A Transmission Monitoring Assembly installed at WNAC. The operator is
shown using the TYPE 731-A Modulation Monitor. The TYPE 732-A Distortion and oise

Meter is just below

2



Panel view of the Distortion and Noise Meter. Note the open, easily-read scales. Full-scale
ranges of 1%,3%,10%, and 30% are provided

sociated circuits. The radio-frequency
energy picked up from this circuit is
passed to the distortion meter which
reads directly in percentage the total
r-m-s distortion which is present on
the audio-frequency envelope of modu
lated carrier.*

Measurements are made with the
distortion meter simply and quickly.
All that is necessary is to make an ad
justment to a reference level with the
tone on, and then to!turn one dial to
read the distortion directly on a large
meter. The whole operation does not
take more than ten seconds, even with
inexperienced personnel.

A wide range of distortion can be
measured with this instrument, the
maximum distortion .that can be read
being 30%. The sensitivity is suffi
ciently sensitive to permit measure
ments at low distortion levels. A dis
tortion of 1% will give a full-scale
deflection on one of the measuring
ranges, and distortions as low as 0.2%
are easily readable.

TONE SOURCE
To generate the test tone of 400

cycles, the TYPE 733-A Oscillator has

·The principle of operation is described by L. B. Arguim
bau in the General Radio Experimenter (or February,
1935.

been 'designed. This is a vacuum-tube
oscillator generating a nearly pure
400-cycle tone with a level sufficient
for all measuring purposes. The actual
distortion of this oscillator is 0.2% or
less, and this amount can be neglected
in most measurements. Three output
impedances, 50, 500, and 5000 ohms,
are provided so that almost any stl\dio
circuit can be approximately matched.

ROUTINE
In many broadcasting stations where

the TYPE 732-A Distortion and Noise
Meter is already installed, it is cus
tomary to make a routine distortion
measurement at the beginning of the
day's operation and at the end, and to
record these readings in the station log
along with the other details of the daily
operations.

NOISE MEASUREMENT
Another feature of the meter which

is very useful in broadcast-station
maintenance is the fact that it permits
the measurement of the residual noise
and hum level of the system. This
measurement is made by comparing
the residual noise in the transmitter to
a reference tone level. For example,
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after the distortion measurement has
been made with a modulation percent
age of, say, 85%, the test tone is turned
off, and the noise meter is switched by
the single control dial to another posi
tion where the meter will register the
residual noise in terms of decibels be
low the test-tone level. In this way ex
cessive hum or a noisy transmitter
tube can be discovered immediately.

Sources of noise, whether in lines or
amplifiers, can be located quickly by
patching out the various amplifiers and
equipment in the system until the
noise disappears. The fact that the
noise level is measured in decibels is
most useful in evaluating the amount of
noise introduced by any element in the
system. This method of test is very
quick and serves in emergencies to
isolate any noise promptly so that it
can be cleared with a minimum of
interruption to the program.

No standard of background noise
level has been established as yet, but in
good transmitters the noise level is
sometimes kept as low as 60 decibels
below 85% modulation. It is not diffi·
cult to keep the noise level at least 40
decibels below the distortion test-signal
level, a figure which is good enough for
most practical purposes.

DISTORTION IN THE AUDIO
SYSTEM

In addition to its use in measuring
the over-all quality of the transmitter,
the TYPE 732-A Distortion and oise
Meter has an equally important appli
cation in measurements on the audio
frequency system alone. Two audio
frequency input circuits are provided

TYPE 732-A Distortion and oise
Meter and TYPE 733-A Oscillator are

for this purpose. One of these circuits
has an input impedance of 500 ohms
balanced to ground, and the other an
impedance of 50,000 ohms unbalanced.
Both circuits are available by means of
jacks in the front panel. To make
distortion measurements at the 500
ohm impedance, it is necessary to have
a signal with a level of about plus 1
decibel, or about 2 volts as a reference
level. The exact adjustment of this
input voltage level is provided for by
the panel meter. Approximately 20
volts are required across a 50,000·Ohm
circuit. The 500-ohm input circuit is
carefully balanced to ground so that
the measurement can be made on bal
anced as well as unbalanced circuits
without disturbing the circuit under
measurement.

Residual noise measurements III

audio-frequency circuits can also be
made by the same means.

SIMPLICITY

The TYPE 732.A Distortion and
oise Meter is relay-rack mounted and

alternating-current operated. It re
places earlier distortion-measuring
equipment consisting of TYPE 536-A
Distortion Meter, TYPE 514- M Am
plifier, and TYPE 488 Copper-Oxide
Rectifier Meter. All of the essential
components are self-contained in the
new instrument, and no external ap
paratus is required except the TYPE
733-A Oscillator. This is an obvious
advantage for any laboratory applica
tion and is, of course, absolutely es
sential in broadcast-station practice.

- ARTHUR E. TmESSEN

fully described on pages 111 and 112
of Catalog J.

Thil in.trument is licenied under paleola of the American Telephone and Telegraph Company solely for utiliz.tion in
re.earcb~ ioveetigatioD, meuuremenl. telling. in.t:ructioD and development work in pure Ind applied ICienu.
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A lOOO·CYCLE BAND·PASS FILTER

FIGURE 2. Transmission characteristics of the filter

FIGURE 1. Photograph of TYPE 830-R Wave
Filter, showing the arrangement of terminals

curve shown in Catalog J). An attenu
ation peak at the second harmonic oc

curs when the 500· and 5000-ohm
taps on the four-impedance side
are used. This peak is not pres
ent with the other two taps.

Since either side may be used :.:
as input or output, two different "'0

connections are possible when :::c
working between 500 and 5000 r
ohms. From the curves of Figure ~

2, it is evident that somewhat CD

better characteristics will be ob- ~

tained if the 500-ohm connection ......
is made at the two-impedance •
side. <

The attenuation for the desired 0

frequency is about 5 decibels, so
the discrimination against har- ><

5000 10,000 monies is 5 db less than the actual z
SECOND height of the curves. 0

- W. N. TUTTLE •
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• TYPE 830- R WAVE FI LTER is a
highly selective band-pass filter, pass
ing only a narrow band of frequencies
in the vicinity of 1000 cycles per sec
ond. In order to provide maximum flex
ibility in application, several input and
output impedances are provided. One
side of the filter has two impedances,
500 and 5000 ohms; the other side has
four, 50, 500, 5000, and 50,000 ohms
respectively.

This arrangement makes it possible
to work from either a 500-ohm line or
a vacuum tube into a cifcuit of almost
any impedance with very little im
pedance mismatch.

The attenuation characteristics are
the same for either connection on the
two-impedance side, but differ some
what for different connections on the
four-impedance side. From the plot of
Figure 2, it will be seen that greatest at
tenuation to harmonics is obtained on
the 5000-ohm output tap (this is the
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A-C OPERATION FOR BATTERY MODELS

VISUAL·TYPE FREQUENCY MONITORS

The quartz plate will be readjusted
to exact frequency, and bakelite bases
wilJ 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 total charge for the modification
is $155.00. The rebuilt instruments will
carry the same guarantee as new
equipment. The quoted price will in
clude minor repairs not strictly a part
of the reconditioning operation, but
necessary major repairs will be subject
to additional charge at a fair rate. The
time required to do the work will be
between ten days and two weeks.

When, in addition to this work, a
new TYPE 376-L, low-temperature
coefficient, quartz plate is installed, the
total price is $215.00.

The Federal Communications Com
mission will grant a permit to operate
a broadcasting station for a period of
30 days without a visual monitor, pro
vided it is stated that the frequency
monitoring equipment is being returned
to the manufacturer for modification
and calibration. It is, therefore, essen
tial 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

eWE ARE STILL PREPARED to
rebuild tbe early battery-operated
broadcast frequency monitors, convert
ing them to a-c operated in truments.
These monitor have been in service
from three to five years and a complete
overhauling is desirable. Many stations
have had their monitors rebuilt during
the past two years, and the station en
gineers feel that the expense involved
is justified by the results obtained.

The modification of the piezo-electric
oscillator into a TYPE 575-E includes
installing a new panel and modification
of the terminal strip, replacing the
temperature control relay with an a-c
unit, installing fusible protective links
in the temperature-control circuit, re
placement of the heat indicator lamp
by one of the "ball's-eye" type, and
such other minor changes as may be
necessary.
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HIGH-SPEED MEASUREMENT WITH THE STROBOTAC

24,000 rpm.

eWE HAVE OFTEN BEEN ASKED
how to measure speeds outside the
fundamental range of from 600 rpm to
14,400 rpm covered by the Strobotac.

Speeds of less than 600 rpm rna y be
measured by the simple expedient of
marking a single radius upon the end
of the shaft to be viewed. The true
speed is then the Strobotac setting to
give a motionless multiple pattern
divided by the number of radii seen in
the pattern. Thus a cross seen on the
end of a shaft at a, Strobotac setting of
1000 rpm indicates a true shaft speed
of 1000 divided by four, or 250 rpm.
In this manner the range of the Strobo
tac may be extended to 600 divided by
6, or 100 rpm.

For speeds greater than 14,400 rpm,
ab

the formula is rpm = -b where a and
a-

b are adjacent settings of the Strobotac
for which a motionless image is ob
tained. Thus for tationary images at
8000 rpm and 12,000 rpm

ab 8000 X 12,000

a-b 4000

The TYPE 631-A Strobotac as used to measure
the speed of a centrifuge

For higher speeds, the value of a-b be
comes progressively smaller, giving
increasing error in speed determina
tion for small error in observation.

Take a and b at several patterns
apart and multiply the answer by the
number of pa tlerns reached in going
from a to b, in order to restore the
accuracy of the measurement.

Thus, suppose a still image at a
setting of 12,000 rpm and another, the
tenth image away, at 7200 rpm. The

12,000 X 7200
true speed i then 10 X 4800 '

or 180,000 rpm, a found in some types
of ultra centrifuges. The Strobotac is
the easiest and quickest way to meas
ure these speeds.

Since the ra tio of shaft speed to
Strobotac Aa h rate must be a whole
number, a slightl) better result may
still be obtained by correcting this
ratio to the neare t whole number and
multiplying the Strobotac dial reading
by that whole number. - F. IRELAND
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• GENE RA L RA D I 0 employees
have recently organized a camera and
telescope club. The first meeting was
enthusiastically attended by some
forty people, including many, ~e sus
pect, who hadn't pushed a camera
shutter for years, but were carried
along by the current urge for hobby
cultivation. The attendance was di
vided almost equally among the three
divisions of still pictures, movies, and
telescopes. Courses of instruction in
fundamental photographic processes
are planned, as well as the construction
of a complete telescope.

• THIS is only one phase of an ex
tensive program of out-of-hours ac
tivities promoted by General Radio's
genial Dean of Education, Horatio W.
Lamson. Classroom instruction in ele
mentary electrical and radio theory has
been available to our production men
for several years. During the past few
months a series of informal talks has
been inaugurated, covering a wide
range of popular and specialized sub
jects. Some of these, delivered by
General Radio employees, serve to ac-

quaint men with actIVItIes outside
their own departments. Others have
been presented by representatives from
outside companies. Of these latter, two
were outstanding: that by Messrs.
Oleson and Lamb of the Weston Elec
trical Instrument Corporation on "In
dicating Instruments," and that by
B. W. St. Clair of the Mico Instrument
Company on "Materials."

• H. B. RIC HMO N D, General
Radio's treasurer, was the speaker at
an Electrical Engineering Colloquium
held at M. I. T. March 15 and 16. The
subject: "The Operation of an Engi
neering and Manufacturing Organiza
tion of Moderate Size."

• DR. W. N. TUTTL E of our engi
neering staff has returned from his ski
ing vacation in the Alps. He reports the
skiing conditions good in spite of con
tinual blizzards. Combining business
with pleasure, Dr. Tuttle visited our
agents in Italy, Ing. S. Belotti and C.,
at Milan, as well as the ational Elec
trotechnical Institute, Galileo Ferraris
at Turin, where many General Radio
instruments are installed.

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

communicati,on-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position oj
individual.

RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

OFFICE - 90 WEST STREET, NEW YORK CITY

GENERAL
30 STATE STREET

BRANCH ENGINEERING
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TYPE 726-A VACUUM·TUBE VOLTMETER
.BECAUSE VOLTAGE MEAS·
U REM E NT S at communication fre·
quencies usually require a voltmeter
with an input impedance so high as to

have no appreciable shunting effect on
the source under measurement, the
vacuum-tube voltmeter is a laboratory
necessity to the communication engi
neer. Commercially available thermi
onic voltmeters have in general been
subject to one or more of the following
defects: low sensitivity, limited voltage
range, high-frequency error, and lim
ited precision of reading at low val·

ues on the scale. The design of a
voltmeter in which these defects
are minimized bas recently been

completed, and, since it repre
sents a new approach to the
problem of a-c voltage meas

urements, a number of its
design features are worthy
of mention.

The voltmeter consists
of a familiar combina
tion - a diode-con

denser rectifier cir
cuit and a doc am
plifier. A condenser
becomes charged
by the rectifier

FIGURE 1. TYPE 726-A Vacuum-Tube
Voltmeter



THE RECTIFIER CIRCUIT

FIGURE 2. Schematic circuit diagram of the
vacuum-tube voltmeter

PLATE SUPPLY

the applied alternating voltage. For
the rest of the cycle the plate will be
negative with respect to the cathode.
The voltage across the diode thus con
sists of a negatively-biasing direct
voltage in series with the applied alter
nating voltage, and it will be seen that
the average plate potential is negative
wi th respect to the cathode.

The purpose of R 1 is to permit the
discharge of condensers C1 and C2 when
the input voltage is reduced. This re
sistor is placed across the rectifier rath
er than across C2, so that no direct
current will flow through R 2 except
when the input voltage is varied and
new equilibrium conditions must be es
tablished. No correction need be made,
consequently, for voltage drop across
this resistor, and the entire doc voltage
is applied to the amplifier tube. This
feature contributes considerably to the
stability of the instrument and the per
manence of its calibration.

The direct component of the voltage
across the diode is equal to the peak
value of the applied alternating volt
age. The resistance R2 and condenser
C2 remove the alternating component

to a voltage very closely equal to
the peak value of applied alternating
voltage, and the doc amplifier and a
milliammeter provide a means of meas
uring the voltage appearing across the
condenser. There are new features in
both the rectifier and amplifier cir
cuits, however, which are very impor
tantinachieving high input impedance,
permanency of calibration, and a cali
bration very nearly independent of the
constants of the rectifier and amplifier
tubes. These advantages are obtained,
moreover, in an instrument covering a
wide range of voltages.

C1

H~1-~__r---IMJRVl2N11"""'--'

INPUT

LOW

The rectifier circuit I is shown on the
left-hand side of Figure 2. The resist
ances R 1 and R 2 are of high value so
that they do not affect the operation of
the diode T 1 and the condenser C1 in
the input loop of the circuit. If C1 has
sufficient capacitance so that no a-c
voltage appears across it, its charge
will build up until the voltage is equal
to the peak value of the applied a-c
voltage, after which time the anode will
never be positive with respect to the
cathode and no further rectified cur
rent can flow. When equilibrium is
reached, in other words, the rectifier
will approach the conducting condition
only at the time of the positive peak of

1 For a discussion of diode circuits, see HCrest Voltmetere"
by C. H. Sharp and E. D. Doyle, Trans. A.I.E.E., 35, pp.
99.107, February, 1916.
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so that only the direct component is ap
plied to the doc amplifier. Elaborate fil
tering is not necessary due to the
extreme linearity of the amplifier resuIt
ing from degeneration. nles the al
ternating voltage is sufficient to swing
the plate current to cut-off, only a neg
ligible amount of rectification can take
place. The simple filtering arrangement
shown is, therefore, entirely adequate.

THE AMPLIFIER CIRCUIT

The doc amplifier circuit is shown in
the right-hand section of Figure 2. The
resistor in the cathode lead is particu
larly important. This provides degen
erative coupling between the input and
output circuits and not only accom
plishes in the doc case improvements a
nalogous to those resulting from the use
of degeneration in a-c amplification, 2

but also has other important results.
Before the manner of operation is ex
plained, the important improvements
resulting from the use of degeneration
in the present case will be outlined:

(a) The meter indication within very
close limits is made proportional to the
direct voltage introduced into the grid
circuit.

(b) The sensitivity is made practi
cally independent of the constants of
the tube.

(c) The grid circuit is rendered ca·
pable of handling directly voltage
hundreds of times greater than the nor
mal cut-off bias. Hence no voltage
dividing network is required.

(d) The sensitivity can be changed
for the various desired voltage ranges
merely by changing the value of the
cathode resistor and the value of the
grid-bias voltage.

Figure 3 is a simplified diagram to il
lustrate the degenerative effect of the

2 See U tabilized Feedback Amplifiers," H. S. Black,
BoS.T.J. 13. pp. 1·18, January, 1934.

3

cathode resistor. If a voltage E 1 is in
troduced into the grid circuit, the plate
current will tend to increase, causing a
voltage drop ER across the cathode re
sistor in opposition to the introduced
voltage. The net change in grid voltage
is the difference between the two. If the
cathode resistor is large in value, only a
very slight increase in plate current is
required to develop a voltage equal to
the introduced voltage. The net grid
voltage, therefore, can change only
slightly, and ER must always be very
nearly equal to E 1• The larger the value
of the cathode resistor, the smaller must
be the increment in plate current and
the more nearly equal must ER be to
the introduced voltage E 1• Whenever
the cathode resistor is large enough to
bring about this condition, the change
in plate current, indicated on the me
ter, will be directly proportional to the
introduced voltage, and the tube con
stants will be of very little importance.

The ame simple consideration shows
that the sensitivity of the arrangement,
considered as a doc voltmeter, can be
changed by varying the cathode reo
sistor. If this resistor is increased in
value ten times, only one-tenth of the
change in plate current will be required

+

FIGUHE 3. Schematic circuit diagram of a
degenerative doc amplifier
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to develop a given opposing voltage. If
the plate mjJliammeter has a certain
full-scale sensitivity, consequently, ten
times the voltage must be introduced
into the grid circuit to cause full-scale
deflection. For sufficiently high values
of the cathode resistor, the full-scale
voltage is directly proportional to the
cathode resistance and depends only on
this quantity and on the sensitivity of
the milliammeter.

The polarity of the direct voltage de
veloped by the rectifier circuit and ap
plied to the doc amplifier is such that
the grid of the amplifier T 2 is made neg
ative with respect to the cathode. This
is important in preventing damage to

FJGURE 4. This shows the rectifier, mounted
in the prohe with cover removed. The ex
tremely short leads and low shunt capacitance
ohtained are responsible for the excellent

frequency characteristic

the meter due to overload. The plate
current decreases when voltage is ap
plied and can be reduced only to zero.
The maximum possible change in plate
current does not greatly exceed the
milliammeter fuJI-scale current, so that
serious overload is not possible, no mat
ter what input voltage is applied. The
milliammeter, of cour e, is connected in
the circuit backward, so that a de
crease in plate current is indicated as
a positive deflection.

The three resistances, It, RD, and R6

shown in Figure 2, but not in Figure 3,
make it possible to balance out the
initial plate current and to furnish the
desired grid bias. The resistance R3 and
the position of the tap on the resistance
R3 are changed simultaneously when
the range of the instrument is changed.

POWER ABSORPTION

The power which must be drawn
from the voltage source can readily be
calculated from the known voltages ap
pearing across the resistors R 1 and R2 •

In the filter circuit R2C2 just consid
ered, the entire alternating voltage ap
pears across R2• The same voltage
appears across R 1 as appears across the
rectifier, namely, the full alternating
voltage in series with a direct voltage
equal to its peak value. The a-c frac
tion of the power loss is the same which
would result if R 1 and R 2 in parallel
were placed directly across the voltage
source. In addition, sufficient power
must be drawn to supply the doc loss in
R 1 corresponding to the peak value of
the a-c voltage. Short pulses of current
flow through the rectifier to supply this
power, so for this component of the loss
the voltage source is loaded relatively
heavily during a very small part of the
cycle, and not at all during the rest of
the cycle.

4



Due to the shortness and intensity of
the pulses through the rectifier any re
sistance in the input branch reduces
seriously the flow of rectified current
and lowers correspondingly the meter
reading. It is this reduction in meter
reading due to the impedance of the
voltage source, rather than the total
power consumption, which is important
in most applications. This effect can be
made negligible only by reducing the
doc power absorbed to the lowest pos
sible value. In the TYPE 721-A Vacu
um-Tube Voltmeter the resistor R I

has the value 50 megohms. About 4
megohms in series with the applied
voltage is sufficient, however, to halve
the voltmeter reading. From the volt
age reduction standpoint the input re
sistance, therefore, can be said to be 4
megohms. The power absorption, how
ever, is determined mainly by a-c losses
in R 2 (10 megohms), and from this
standpoint the input resistance is ap
preciably greater - about 6 megohm .
At high frequencies other factors be
come important, so that the simple
analysis here given is no longer appli
cable. These faetors are discussed
below.

OPERATION AT HIGH
FREQUENCIES

To achieve satisfactory operation at
high frequencies, the elements which
make up the rectifier circuit are made
as small as possible and are mounted in
a separate housing at the end of a flex
ible cord. Probe terminals are pro
vided so that the measuring circuit
may be placed close to the voltage
source. A 955-type acorn tube is used
as the diode rectifier. The probe ter
minals can be removed to reduce still
further the inductance of the input
loop.

s a result of these details of con-

5

FIGURE 5. Five ranges of vollage are provided.
Il will be seen that the scales are nearly

linear

struction, the resonant frequency of
the input loop is about 380 megacycles,
and 500 megacycles with the probe
terminals removed. The frequency
error in the reading is only 3 per cent at
100 megacycles.

The power consumed from the source
at high frequencies is no longer de
termined by the values of resistances
R 1 and R 2 but by the total stray capac
itance acro s the input and the losses
in this capacitance. The total capaci
tance is about 6 J.LJ.Lf and the power fac
tor about 2.5 per cent, the losses oc
curring principally in the envelope and
socket of the tube and in the material
surrounding the resistance elements R I

and R 2• It is interesting that at high
frequencies the input impedance is not
affected by turning on or off the heater
of the diode T I •

OTHER ADVANTAGES
By including a power-supply voltage

regulator, the meter indication has been
made as stable as that of a doc instru
ment. Fluctuations in line voltage have
no effect, nor do long period drifts
which would otherwise change the read-
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SPECIFICATIONS
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ing through changes in filament tem
perature.

Although .the diode rectifier is
mOUllted in a probe, the probe can be
mounted inside the cabinet for low
frequency measurements, if desired,
and the voltage source under mea ure
ment cOlmected directly to terminals
on the panel.

The Low terminal on the panel i not
cOUllected directly to panel, but is i 0

lated by a blocking conden er. This is
convenient III measuring voltages

Ran g e : 0.1 to 150 volts in five ranges
(1.5-5-15-50-150 volts).

Accuracy: ±2% of full scale at all
five ranges, on sinusoidal voltages.

Wavefor mEr r 0 r: The instrument
is essentially a peak voltmeter cali
brated to read r-m-s values of a sine
wave, or 0.707 of the peak value of a
complex wave. On distorted waveforms
the percentage deviation of the reading
from the r-m-s value may be as large as
the percentage of harmonics present.

F r eque ncy Err 0 r : Less than 1 % be
tween 20 cycles and 50 megacycles. At
100 megacycles, the voltage indicated
is about 3% larger than the voltage
across the probe terminals when the
tips are removed. With the tips in
place the error is about 7%.
I nput Imp edan ce: About 5 meg
ohms at low audio frequencies. Since
the capacitance between input ter
minals at the probe is 6 fJ.fJ.f, the input
impedance will be lower at higher fre-

across plate tank circuits, for instance,
where the voltmeter can be grounded
without damage.

The meter reads directly the r-m-s
value of a sinusoidal voltage. As has
been shown above, however, it is the
peak value of the waveform which de
termines the reading. The instrument
is very useful for determining the peak
values of complex waveforms, these
values being obtained by multiplying
the reading by 1.414.

- W.. T TTLE

quencies. The resonant frequency of
the input circuit is about 380 mega
cycles but can be increased to 500
megacycles by removing the plug tips
of the probe.

Power Sup ply: 100 to 130 volts,
ac, 60, 50 or 42 cycles and 200 to 260
volts, 50 cycles (see price list). The
instrument incorporates a voltage reg
ulator to compensate for supply vari
ations over this voltage range. The
power drain is less than 20 watts.

Tub es: One 955-type, one 75-type,
and one Iv-type rectifier, supplied
with the instrument.

AcceS S 0 r i eS : seven-foot attach
ment cord, a pilot lamp, and the three
tubes are supplied with the instrument.

M 0 untin g: Black crackle-finish alu
minum panel mounted in a shielded
walnut cabinet.

Dim ens ion S : (Width) 9~ x (depth)
14 x (height) 8~ inches, over-all.

Net Wei g h t : 17~ pounds.

Power Supply

Type Frequency Voltage Code Word Price

726-A 60 cycles 100 to 130 ALLOT 165.00
726-A 50 cycles 200 to 260 ALTER 165.00
726-A 50 cycles 100 to 130 ABAFT 165.00
726-A 42 cycles 100 to 130 AMA S 165.00

6



MISCELLANY
• 0 N MAY 1I Martin A. Gilman
joined the Engineering Department of
the General Radio Company. Mr. Gil
man receives his S.M. degree in elec
trical engineering from M.I.T. in June
of this year.

.0 NAP RI L 20, R. F. Field spoke
before the Pittsburgh section of the
I.R.E. on the subject of "Direct
Reading Instruments." He plans to
deliver this paper before the Indianap
olis section on May 13.

• FOR SEVE RAL M 0 NTH SI Ar
nold Peterson of M.LT. has been en
gaged in a research project at General
Radio Company studying ultra-high
frequency oscillators. Some of the re
sults of this project were presented by
Mr. Peterson at the April 30 meeting of
the International Scientific Radio
Union at Washington, D. C. The title
of the paper was "The Frequency Sta
bility of Ultra-High-Frequency Oscil
lators." We hope to publish some of
this material in a forthcoming issue of
the Experimenter.

• A. E. T HIE SSE N returned early
in April from a several weeks' visit to
our Pacific Coast offices in Los Angeles
and San Francisco. During this time he
addressed several technical society

7

meetings. At the February 23 meeting
of the Physics Club of Chicago, Dr.
Arthur H. Compton, Chairman, his
subject was "Stroboscopes and High
Speed Photography."

"Direct-Reading Instruments" was
the title of Mr. Thiessen's paper at the
Los Angeles section, LR.E. The talk
was supplemented by a few reels of
high-speed motion pictures. Douglas
Kennedy is chairman of the Los An
geles section, and the speaker was in
troduced by W. W. Lindsay, Jr., of the
Meetings and Papers Committee.

This same paper was also delivered
at the San Francisco section, V. J.
Freiermuth, Chairman.

The subject of "Wave Analysis" was
discussed before the Electronics Club
of Los Angeles, Dr. J. F. Blackburn,
Chairman.

A number of invitations to address
other LR.E. sections were received, and
it is regretted that the schedule did not
permit the acceptance of these.

• I NOR 0 ER TOT EST the per
formance of the TYPE 726-A Vacuum
Tube Voltmeter a t high frequencies, it
was necessary to develop an accurate
method of high-frequency voltage
measurement. In next month's Experi
menter, L. B. Arguimbau will describe
the high-frequency voltage standard
used for these measurements.

•
<
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I. R. E. H0 NOR S GENE RAL RA0 lOP RES IDE NT
who has been responsible for an im
portant advance in the science or art of
radio communication. This advance
ment may be a single development or it
may be a series of developments which
in the aggregate have resulted in sub
stantial improvements in radio com
munication. . . . "

Mr. Eastham has been active in
radio engineering societies since the
early days of wireless telegraphy, and a
member of the Institute since the first
year of its existence. He served as a di
rector of the Institute for several years,
and has been its treasurer since 1927.
He now holds the membership grade of
Fellow. As founder and president of
the General Radio Company, he has
contributed much to the development
of instruments and methods for radio
measurements.

Presentation of the medal will be
made at the annual convention ban
quet of the Institute on May 12. The
citation reads as follows:

"To Melville Eastham for his pio
neer work in the field of radio measure
ments, his constructive influence on
laboratory practice in communication
engineering, and his unfailing support
of the aims and ideals of the Institute."

.THE MEDAL OF HONOR of
the Institute of Radio Engineers has
been awarded to Melville Eastham,
President of the General Radio Com
pany since its founding in 1915.

This gold medal "is given in recog
nition of distinguished service in radio
communication. It is awarded to one
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FIGURE 1. Voltage standard, making use of a ribbon resistor separated from the
metal return path by I-mil mica

• I N DES I GNIN G vacuum-tube volt
meters and standard-signal generators, it is
frequently necessary to have a voltage stand
ard which is good at high frequencies. A con-
venient standard is the voltage drop across
a standard resistor when the current through

it is measured by means of a thermocouple. This arrangement can be
calibrated on direct current by reference to a standard cell and, provided
the frequency characteristics of the elements are known, is quite usable
for high frequencies. In practice, the best solution is to design couples
and resistance elements having negligible frequency error at the fre
quencies where i<is desired to work.

A few years ago, sufficient accuracy was obtained with an Ayrton
Perry-wound resistor and an ordinary vacuum thermocouple, because

(Continued on page 2)
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GENERAL RADIO 2

accurate measurements were not required
above a few megacycle. Present-day re
quirement are more severe, calling for
measuremen ts a t much higher freq uencies.

Considerable work* ha recently been
done on computing the characteristics of
acorn-tube voltmeters and comparing the
performance of different tubes with each
other and with theoretical con iderations.

In order to obtain an independen t
calibration of voltage indicators, a ther
movoltmeter standard for direct mea ure
ments at high frequencies has been de
vised at the General Radio Company.

Errors in the thermocouple-resistor
system are caused by (1) skin effect and
capacitance to ground in the thermo
couple heater and (2) skin effect, induc
tance, and ground capacitance in the
standard resistor.

The design of a thermocouple for use at
frequencies up to hundreds of megacycles
is not difficult. The heater can be made
from wire of small diameter, keeping skin

·L. s. ~ergaard, ~'ElecLrical .Measurements at Wa\elcnglbs
Less Than Two A-1elers," Proc. I.R.E., eptember, 1936.

FIG HE 2. Photograph of the final model of the
high-frequency voltage standard, u ing a Vt6-inch
length of O.0004-inch resistance wire as an
impedance tandard. A transparent disc covers
the unit to protect the parts and to avoid errors

in readings resulting from air currents

effect at a low value. The skin effect in a
piece of manganin wire 2 mils in diameter
amounts to only 1% at 100 megacycles.
It is possible to draw a wire to 0.25 mils
and tms would have a calculated skin
effect of 1% at 4000 megacycles.

The heating effect can be measured by
using a thermocouple whose junction is in
sulated from the heater. The insulator
can be made to ha ve a capacity of les
than 0.1 J.l.J.I.f so that the capacitive cur
rent from tbe beater to ground can be
kept negligible if the impedance from the
heater to ground is kept low. Thus it ap
pears that the current flowing in the
heater of a thermocouple can be known
accurately, but it is another matter to
make use of this knowledge.

When a tbermocouple is used for meas
uring voltages, an impedance standard
is necessary. Probably the best imped
ance is a pure resistance. While thi
cannot be strictly realized, it may, by
proper design, be approached. The cir
cuits must be so arranged that the current
flowing through the thermocouple is the
same as that flowing through the stand
ard impedance. Further, the standard
voltage hould be essentially equal to the
voltage drop in the resistor, that is, there
should be no induced emf in the leads to
the standard terminals.

One arrangement made five or six years
ago for testing signal generators is shown
in Figure 1. The resistance unit consisted
of a short length of 2-mil manganin wire
rolled into a ribbon 10 mils wide and sepa
rated from a grounded slab of metal by a
I-mil sheet of mica. This rather uncon
ventional design was used in an at
tempt to avoid the large inductive re
actance associated with low-resistance
units. The reduction was accomplished
by treating the resistor as a transmission

line and attempting to make V!:.. about
C

equal to R. Actually, a still closer spacing
would have been desirable.
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FIGURE 3. Diagram of connections for thc stand
ard of Figure 2. Tbe return patbs are through thc

grounded brass case

It will be noticed that the potential
terminals are connected to the resistor in
a manner calculated to eliminate wiring
inductance in a sort of high-frequency
analogue of the conventional four-ter
minal resistor commonly used for direct
currents.

Another and more satisfactory way of
decreasing the inductance (and the ca
paci tance as well) is to decrease the neces
sary length by using much finer wire.
Figure 2 shows a unit consisting of a piece
of resistance wire 0.0004 inch in diameter,
only YI'6 inch long, and having a resistance
of about 7 ohms.

In this case, as with the resistor of Fig
ure 1, the thermocouple heater was joined
directly to the resistor in air ra ther than
risk errors inherent in the long lead wires
of the usual glass bulb construction of a
vacuum couple.

The inductance of the second resistor
unit is computed at about 1.6 cm (1.6 x
10-9h) which gives an inductive reactance

of 1 ohm at 100 Mc. Since this is added in
quadrature to the resistance, the im
pedance is only increased 1%. A pre
viously mentioned, the kin effect is en
tirely negligible.

Wire is now available having a diameter
of 0.00025 inch. A uni t of the same size as
the present one, if made of uch wire,
would have an inductive error of 1% at
250 Mc. Another improvement over the
present unit would con ist in u ing the
thermocouple heater itself as the standard
resistance, taking the same precautions to
minimize mntual impedance.

The voltage standard of Figure 2 has
been used in measuring the error of in
dication as a ftmction of frequency in the
TYPE 726-A Vacuum-Tube Voltmeter and
the variation of outpnt voltage with fre
quency in the TYPE 605-A Standard
Signal Generator. This voltage standard
in conjunction with a heterodyne method
of measuring attenuation ratios provides
an absolute voltage calibration for stand
ard-signal generators. The complete sys
tem will be described in an early issue of
the Experimenter. -L. B. ARGUll\IBAU

FIGURE 4. Outside view of tbe voltage standard of
Figure 2, indicating shielding of tbe output
terminals from tbe ground leads. The standard
was made as a detachable unit so tbat it could

be used in several as emblies

ACDC



AT THE SILVER ANNIVERSARY CONVENTION
• THE PHOTOGRAPH above shows the
General Radio booth at the Silver Anni
versary Convention of the Institute of
Radio Engineers, held in ew York,

May 10 to 12. A number of the newer
instruments were displayed, and several
members of the engineering staff were in
attendance.

NEW DIAL PLATES
.THE TYPE 318-A DIAL PLATE,
intended for use with General Radio
rheostat-potentiometers, has been re
placed with a new model, TYPE 318-B.
The new plate has ten numbered divisions,
each subdivided into five equal parts.
Tills total of fifty divisions covers a ro
tational angle of 298°. The scale is photo
etched, with raised nickel-silver gradua
tions on a flat black background. Mount
ing holes coincide with those of General
Radio rheostat-potentiometers having a
three-hole mounting.

The diameter is 3 inches and the plate
is intended for use with a l%-inch knob,
such as TYPES 637-G, -R, -J, and -K.

Type

318-B

GENERAL RADIO 4

Code Word

DEVIL

Price

0.35
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AN IMPROVED OUTPUT METER

• THE HI GHIM P EDAN CE and in
herent ruggedness of the copper-oxide
rectifier type voltmeter are advantages
which more than offset its accuracy limi
tations. Because of this, the TYPE 483 Out
put Meter, which consists of a copper
oxide voltmeter and a resistive multiplier
uetwork for extending the range, has been
widely used in laboratories where audio
frequency measurements are made.

Recent improvements in rectifier-type
instruments have resulted in a meter with
much better characteristics than were pos
sible a few years ago. Using this new in
strument, the General Radio Company
has designed a new model of tbe TYPE 483
Output Meter. In addition to better elec
trical performance, the new TYPE 483-F
Output Meter has several improved fea
tures of mechanical design. The character
istics of the instrument are discussed be
low.

Full-scale deflection on the indicating
instrument is 2 volts. The L-type multi
plying network provides full-scale ranges
of 2, 4, 10, 40, 100, and 200 volts. A
schematic diagram of the circuit is shown
in Figure 1, a photograph of the instru
ment in Figure 2.

Errors in copper-oxide instruments fall
into two classes: (1) errors in the voltage
indica tion as a function of frequency,
temperature, and waveform, and (2)
changes in impedance as a function of
voltage.

(1) ERRORS IN INDICATION
The frequency error is caused by the

shunting effect of input capacitance and is
not serious below 6 or 7 kilocycles. Figure
3 shows an average frequency character
istic for a number of meters as well as the
maximum deviation from the average
within the group tested.

FIGURE 1. Schematic wiring diagram of the
TYPE 483-F Output Meter

All copper-oxide rectifiers show tem
perature effects, but the new design used
in the output meter has a zero tempera
ture coefficient in the normal range of
room temperatures. This is shown in Fig
ure 5.

The indication of a copper-oxide in
strument depends upon the average value

FIGURE 2. Photograph of the new output meter
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scale on the 1 multiplier, rather than at
half-scale on the 2 multiplier.

Mechanically, improvements in the out-

.5 LO 1.5 Z.O
METER READING IN VOLTS

FIGURE 4. The frequency characteristic of the
oxide-rectifier meter itself as a function of
applied voltage. The maximum variation from

the ClLrve shown is ±lO%

but, since the meter impedance error de
creases with applied voltage, the minimum
impedance error for a given voltage
measurement will occur at the multiplier
setting which gives the highest on-scale
reading. In other words, with 2 volts ap
plied, the reading should be taken at full

of the applied voltage over a complete
cycle. TYPE 483-1;' Output Meters are
calibrated in r-m-s values on a sine-wave
source. When used to measure non-sinu
soidal voltages, the error in indication will
depend upon the degree by which the ratio
of rms to average for the applied voltage
differs from that for a sine wave. Conse
quently, this error is affected by both
magni tude and phase of harmonics.

(2) IMPEDANCE ERROR
The impedance characteristic of the

copper-oxide instrument itself as a func
tion of voltage applied is shown in Figure
4. This indicates the average impedance
error which occurs on the 1 multiplier.
The impedance of individual instruments
may deviate from the values shown by as
much as 10%.

When the multiplying network is in
circuit, the error decreases and, for the
100 multiplier, the impedance is 20,000
ohms ±2%. The error in impedance in
creases as the multiplier setting is reduced,
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FIGURE 5. This shows the effect of temperature ou the meter indication. It will be noted that in the
normal room temperature range the temperature coefficient is practically zero. The doned lines

indicate the maximum deviations to be expected

put meter consist of using a TYPE 510
Switch with concealed, dustproofcontacts,
and mounting the assembly on an alumi
num panel fmished in black crackle lac
quer.

From the foregoing it is evident that
the TYPE 483-F Output Meter is not a
precision standard of voltage. Its accu
racy is, however, sufficient for most rou-

tine laboratory measurements. By far its
greatest field of usefulness is in comparison
measurements of various types, where the
meter is used to match two voltages. Here
temperature and frequency errors cancel,
and even waveform errors are seldom im
portant, because usually a single voltage
source is used.

-W. G. WEBSTER

SPECIFICATIONS

equivalent to ±0.1 volt multiplied by the
multiplier setting. This figure holds only
wben frequency and temperature fall on
the flat portion of the curves of Figures 3
and 5 and when the waveform of the ap
plied voltage is sinusoidal.

Net Weigh t: 3 pounds, 9 ounces.

Dimensions: (Length) 9% x (width)
47i x (height) 57i inches, over-all.

Voltage Range: Below 0.5 volt to 200
volts in seven steps.

Input Impedance: Nominally 20,000
ohms.

Freq uency Characte ri stic: See Figure 3.

Tern pe ratu re Cha racte ri stic: See Figure
5.

Accuracy: ±5% of full scale, which IS

Type

483-F
This instrument is manufactured and sold under U. S. Patent No. 1,901.343.

Code Word

AVOID

7

Price

854.00

EXPERIMENTER
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MISCELLANY

.THE GENERAL RADIO COM
PAN Y cordially invites readers of the
Experimenter to inspect its exhibit of
laboratory and industrial apparatus at
the Fortieth Annual Meeting-Exhibit
of the American Society for Testing
Materials. The exhibition will be held
June 28 through July 2 in the Astor Gal
lery of the Waldorf-Astoria Hotel, Park
Avenue and 49th Street, New York City.

Mr. Robert Field, design engineer re
sponsible for the development of the
TYPE 516-C Radio-Frequency Bridge,
the TYPE 544-B Megohm Bridge, and the
TYPE 7l6-A Capacitance Bridge, and Mr.
Frederick Ireland of the general engineer
ing department will be in attendance at
the exhiliit.

Because of their particular interest to
the members of the A.S.T.M., the new
TYPE 7l6-A Capacitance and Power Fac
tor Bridge and the new TYPE 544-B Meg
ohm Bridge will be on display. Industrial
devices such as the TYPE 548-B Strobo-

scope, the TYPE 631-A Strobotac, the
TYPE 759-A Sound-Level Meter, and the
TYPE 725-A Color Comparator will be
presented for the inspection of engineers
less interested in electrical measurements.

• THE CHAI RMA'N of our Board
of Directors, Mr. Henry S. Shaw, has
just been honored by being elected a
Fellow of the American Academy of Arts
and Sciences.

• 0 N MAY 2 1, H. H. Scott, of the
General Radio engineering staff, spoke
before a joint meeting of the Detroit sec
tion of the Institute of Radio Engineers
and the Engineering Society of Detroit.
Also present were members of the Ameri
can Society of Mechanical Engineers and
the Cleveland Engineering Society. Mr.
Scott's subject was "The Stroboscope and
the Sound-Level Meter, Electronic Aids
in the Elimination of Noise." The talk
was illustrated by lantern slides and high
speed motion pictures.

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

communication-frequency measurem,ent and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position of
individual.

RADIO COMPANY
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THE MEGOHM BRIDGE

PAGE 6
REPAIRS 'Us. OBSOLESCENCE

• I TIS BEe 0 MIN G of increasing importance to be able to measure
accurately and rapidly high resistances in the range from 1 megohm to
1,000,000 megohms. The volume resistivity of insulating materials is a
fundamental property in predicting their electrical characteris·tics. It
is particularly sensitive to smalJ traces of moisture and so becomes a
valuable measure of moisture content. When this property is used in

conjunction with dielectric FIGURE 1. TYPE 544-B Megohm Bridge
constant and power factor, a
powerful means is offered of
studying the molecular struc
ture of complex dielectrics.

The bar to the successful
use of the Wheatstone bridge
in this high-resistance range
is the relatively low resistance
of the conventional galva
nometer used to indicate
bridge balance. The amount
of power demanded by even a
sensitive wall galvanometer
is such as to make it difficult
to measure resistances greater
than 10 megohms. The use of
a vacuum-tube voltmeter as
the bridge detector com
pletely resolves the difficulty.
It is quite possible to obtain
a tube which presents to the.....
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Galvanometer in plate
('irctlit shows bridge bal.

ance

Oridge voltage

Galvanometer zero ad
jU8unent

N-arm; 5 multiplier steps

For probe to check high
resistance standards

2

YeUow hakeLite (XN.
262) bushing insulates
high terminal from

ground

Unknown reeistor con
necls here

Guard terminal and
ground switch Ior 2- or
3-terminal resistance

measurement

Control switch, selecting
connections shown in

Figure 4

r.::=--- A-arm; Bcale logarithmic
over one decade

FIGURE 2. Panel view of the bridge, identifying
the several controls

bridge a resistance greater than 10,000
megohms and still allows the bridge to be
balanced to 0.1%, using an ordinary
pointer galvanometer in its plate circuit.

AN IMPROVED MEGOHM
BRIDGE

Just such a comhination of Wheatstone
bridge and vacuum-tube voltmeter was
designed in 1933* and has been in use ever
since. Two kinds of measurements have
grown in importance since then - the
leakage resistance of large condensers and
the use of guard electrodes and three
terminal condensers - for which that
bridge was not well adapted. In the TYPE
544-B Megohm Bridge, which is now an
nounced, all the desirable features of the
earlier model are retained (see Figure I).
·R. F. Field, UBridge + Vacuum Tube = Megohm Meter,"
General Radio Experimenter, June-]uly, 1933, pp. 7-9.

In addition, condensers can be measured
for resistance because the voltage applied
to the unknown varies only slightly during
balance, and all sorts of three-terminal re
sistors can be connected because of the
flexibility of the guard terminals and
grounding system.

ACCURACY AND RANGE

The resistance reading of the bridge is
taken from the settings of a five-point
decade multiplier switch and a four-inch
dial, having a scale which is approximately
logarithmic over one decade. These appear
at the bottom of the panel in Figure 2.
The MEGOHMS dial is shown full size in
Figure 3. The main decade is 7 inches long.
Hence the scale length for the resistance
range from 0.1 MQ to 10,000 MO, over
which the accuracy of scale reading is 2%,
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is 35 inches. Taking into account the er
rors in the other bridge arms, the accu
racies of the resistance measurements are:

Range Error
.1 MO - 100 MO ± 3%

100 MO - 1,000 MO ± 6%
1,000 MO - 10,000 MO ± 10%

Beyond 10,000 MO the error is essentially
that with which the scale on the MEGOHMS
dial can be read. A resistance of 1,000,000
MO can be detected.

THE BRIDGE CIRCUIT

The bridge is composed of the four arms
A, B, N, P as shown for the OPERATE po·
sition in Figure 4, with the power applied
across the arms A and B and the vacuum·
tube voltmeter connected across the con·
jugate pairs A-N and B-P. For checking
the galvanometer zero, the tube is isolated

from the bridge voltage as shown in the
CHECK position, with the high resistors
Nand P connected to the grid exactly as
in the OPERATE position. The effects of
any voltages, alternating or direct, in the
unknown resistor P and of any grid cur
rent of the tube will not appear in the
bridge balance because they are balanced
out in the zero adjustment. There is also a
CHARGE position, in which the unknown
resistor P is placed across the arm B. This
is valuable in measuring the resistance of
large condensers.

The exact connections of the various
arms are shown in the schematic wiring
diagram in the center of Figure 3. Not all
the standard resistors which make up the
N-arm are wire wound. The two highes t

FIGURE 3. Full·

size reproduction
of the MEG·
OHMS dial, show
ing also the sche·
matic wiring dia·

gram
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are of the less stable metallized-filament
type. Means are provided for connecting
these resistors in the P-arm and measur
ing them in terms of the wire-wound
standards.

TERMINAL CONNECTIONS
All the terminals of the bridge are

grouped together in the upper part of the
panel (Figure 2) to allow the convenient
connection of aU types of resistors. For
measuring all grounded resistors and most
two-terminal resistors, the ground post G
is connected to the Low terminal by the
spring clip provided. This group includes
the insulation resistance of electrical ma
chinery such as generators, motors, and
transformers, electrical equipment such as
rheostats and household appliances, single
conductors, cables, and condensers. For all
resistors having a third terminal, which
may be brought out separately or may be
ground it elf, this third terminal is con
nected to the GUARD terminal as shown in
Figure 6. The ground post G is connected
to whichever of the two terminals, Low
or G ARD, is grounded. The bridge then
measures the direct resistance R D and
rejects the terminal resistance R l andR2•

AU multi-wire cables, multi-circuit trans
formers, and multiple terminal condensers
and networks are included in this type of
measurement. Guard electrodes are fre
quently added to simple two-terminal de
vices to elimina te both surface leakage
and the effect of fringing in discs of insu
lating material. A good example of this
using mercury electrodes is shown in
Figure 5.

The high p.otential terminal and all
leads connected to it are insulated with
low-loss bakelite, X -262, which even
with the existing multiple paths to ground
has a resistance to ground of over 1 MMQ.
The black crackle-finish on the panel is
stripped from around the panel insulator
so that, when the G ARD terminal is
grounded, thel·e will be no leakage over it
to the Low terminal.

RESISTANCE OF CONDENSERS
The leakage resistance of condensers is

measured in the same manner as other re
sistances except when the capacitance is
large, a tenth microfarad or greater. Suf
ficient time must then be allowed to
charge the condenser, through the stand
ard resistance in the N-arm, to the volt
age it will have when the bridge is bal·
anced. The time constant of this circuit,
which is the product of the capacitance in
microfarads and the resistance in meg
ohms, is a convenient measure of this
time interval. When this is more than a
few seconds, time is saved by turning the
control knob to the CHARGE position, as
shown in Figure 4. This applies to the
condenser approximately the same volt·
age as it will have at bridge balance.

This switch position is also useful when
a condenser shows considerable dielectric
absorption and therefore acquires a vol
ume charge. After the initial adjustment,
the galvanometer zero can no longer be
checked in the CHECK position because of
this volume charge. In some types of in
sulation, such as long cables with both
rubber and paper insulation and lami
nated materials like the pasted mica used
in high voltage generators, this volume

FIGURE 4. Schematic bridge diagrams for the three positions of the control knob
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charge reaches huge propo};.tions. It may
require hours and sometimes days to at
tain equilibrium. This effect has fostered
the rule of thumb of observing the resist
ance one minute after the application of
the voltage. Any measurement taken
while this volume charge is flowing is not a
measurement of leakage resistance, but of
charging current. There is no definite re
lationship between the resistance meas
ured at an arbitrary time and the final
steady state resistance. The rate of
change of the instantaneous resistance is
probably of more significance* than the
resistance itself because it suggests by its
magnitude how much greater the final in
sulation resistance will be. It is very easy
to use the bridge for such measurements.
Balance is maintained by adjustment of
the MEGOH~IS dial up to a given time and
the setting then read at leisure. The cur
rent flowing can be easily calculated from
the observed resistance and the voltage
applied to the bridge. It is also possible to
discharge the condenser through the
standard resistance and calculate the
discharge current.

EXTERNAL DECADE RESISTOR
It is possible to replace the logarithmic

resistor with a five-dial TYPE 602 Decade
Resistance Box when the maximum pos
sible accuracy of balance is desired. Re
sistances from 10 kilohms to 10 kilomeg
ohms can then be measured with an ac
curacy of about %%. Sets of high resist
ance standards can be compared over that
same range to an accuracy of 0.1% pro
vided such standards have negligible
voltage coefficients.

doc operation. Either power supply will be
furnished with the bridge as listed below,
while the other one may be obtained as
extra equipment. In the a-c supply the
bridge and tube bias voltages are sta
bilized against line voltage fluctuations by
ballast tubes. Different tubes for the
bridge detector are used for a-c and doc
operation and are furnished as part of
their respective power supplies. These

GUARD

LOW

"=" METAL CONTAINER

FIGURE 5. Cell for solid dielectrics, using mercury
electrodes

tubes are tested for low grid current and a
stock is maintained on hand. The actual
voltage applied to the bridge can be
measured at the BRIDGE terminals on the
left of the panel. These terminals may
also be used for external supply up to 500
volts. This makes it possible to study the
effect of voltage on the resistance of
insulation. - R. F. :FIELD

FIGURE 6. Bridge connections for the measure
ment of direct resistance

UNKNOWN
RESISTOR

POWER SUPPLIES
The voltage normally applied to the

bridge is 90 volts, obtained from one of
two power supplies mounted in back of
the bridge panel, one for a-c, the other for

·R. W. Wiesman, '"Insulation Resistance of Armature
Windings." Electrical Engineering, June, 1934. pp.l 010 lO 1021.

+

LOW

o
G

GUARD



TYPE 544-B MEGOHM BRIDGE

SPECIFICATIONS

Ran ge and Ace urae y: See table on
page 3.

Termin aIs: The terminals for connect
ing the unknown resistor include connec
tions for guard electrodes so that either
two- or three-terminal resistors can be
measured.

Power Sup ply: Two types of power
supply are available, one using batteries,
the other operating from a 1I5-volt, 40
to 60-cycle a-c line.

Va cuum Tub es: With battery power

supply, a 1D5G detector tube is used; the
a-c power supply uses a 6K7G detector,
two 6X5G rectifiers, and an 874 ballast
tube. All tubes are supplied ,rith the
instrument.

M0 untin g : Shielded oak cabinet.

Dim ens ion s: Cabinet ,rith cover closed,
(,ridth) 872 x (length) 2272 x (height) 8
inches, over-all.

Net Wei ght: With battery power sup
ply, 3034 pounds; with a-c power supply,
2534 pounds.

Type

544-B
544-B I

Battery operated
A-C operated ..

Code Word

ALOOF

ANNOY

Price

$175.00
225.00

REPAIRS YS. OBSOLESCENCE

eOUR SERVICE DEPARTMENT,
through which are handled all customer
complaints, repairs, exchanges, and ad
justments, is often called upon to repair
and rebuild obsolete equipment. Expe
rience has shown that misunderstandings
between manufacturer and customer arise
more often with obsolete instruments than
with current models. The two major
points of disagreement are (1) cost of re
pairs and (2) instrument performance
after repairs are made.

COST

Since each instrument returned for re
conditioning must receive individual at
tention, the work must be handled in
much the same way as a special manufac
turing job. Consequently, the amount of
supervision required per instrument is con
siderably more than that necessary in reg-

ularly scheduled production. An analysis
of the performance characteristics must be
made as well as a schedule of mechanical
repairs. All badly worn or defective parts
must be replaced, resistance elements re
adjusted, and the remainder of the as
sembly thoroughly cleaned and tightened
mechanically. This involves an operating
check on nearly all component parts, and
when these are found defective it is often
difficult to find replacements, particu
larly if the instrument has been obsolete
for any considerable period.

Parts which are of General Radio man
ufacture may not be in stock. While these
can be made, the operation is necessarily
costly because they were originally made
in large quantities. Parts and materials
supplied by other manufacturers may no
longer be available, which necessitates
finding satisfactory substitutes or making
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These are only approximate prices and the
exact charge is, of course, dependent upon
the age and the condition of the instru
ment. From these figures, however, it will
be realized that in many instances the re
pair costs approach the list price of a new
instrument which has replaced the model
submitted for repair. Because of this it is

minor changes in the design of the instru
ment.

After all repair operations have been
performed, a complete operating test and
calibration must be made in our testing
laboratory. Here again it is uneconomical
to handle the instruments individually
since all normal production work is done
in quan tity lots.

Electrical design and production meth
ods are constantly improving. As a result,
many labor operations performed on ob
solete instruments are less efficiently per
formed than those on newer products.
TIlls is particularly true of such items as
the TYPE 102 Decade-Resistance Box in
wlllch certain of the cards were wound
with resistance wire having a high tem
perature coefficient. Readjusting resistors
in these cards consumes a considerable
amount of time because the wire is raised
in temperature whenever a soldering iron
is applied to it. The repair of these re
sistance boxes is often not merely a mat
ter of readjusting a few resistors, but one
of replacing most of the resistance cards in
the box. Since the resistance cards repre
sent the greater part of the original cost of
the instrument, repair costs are corre
spondingly high.

A cost analysis of reconditioning opera
tions on a number of obsolete instruments
shows that average repair prices are ap
proximately as follows:

Original
Cost of Instrument

Less than 50.00
Between $50.00 and $100
Between $100 and $200
Above $200

Maximum
Repair Charge

75% of list price
65% of list price
50% of list price
33% of list price

often less expensive, or at least very little
more so, if the instrument is replaced by a
newer model.

PERFORMANCE OF RECONDI

TIONED INSTRUMENTS

In addition to the cost, the performance
to be obtained from the repaired instru
ment should be carefully considered. It
should be obvious that the maximum per
formance to be expected from a recon
ditioned instrument is only that obtain
able when the instrument was originally
sold. Usually this is considerably inferior
to that obtainable from instruments of
more recent design. In other words, a
complete reconditioning of the TYPE
513-B Beat-Frequency Oscillator will by
no means make it equal in performance to
the newer TYPE 7l3-A Beat-Frequency
Oscillator. As an element of the total cost
of repairs, therefore, the performance to
be expected from the repaired instrument
is important.

If we offered for sale, at its original
price of $100, a brand-new TYPE 102-M
Decade-Resistance Box which was man
ufactured between 1920 and 1931, its
purchase could not be justified because a
TYPE 602-M Decade-Resistance Box,
which has far better characteristics and
general performance, can be purchased
new for $70. Yet the cost of repairing a
TYPE 102-M Box may be well in excess
of $50.

Our Service Department will be glad to
advise the u er of General Radio instru
ments regarding both the probable cost
and the desirability of reconditioning old
instruments. If, after an instrument is re
ceived for repair, the costs are evidently
much higher than the original estimate, a
formal quotation will be submitted before
work is started. - H. H. DAWE
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A NEW INSTRUMENT AND
A NEW CIRCUIT FOR COIL
OR CONDENSER CHECKING

8

AIJC
IN THIS ISSUE

STANDARD FREQUENCIES
FOR THE MUSICIAN 10

Page

STANDARDIZING THE
STANDARD·SIGNAL
GENERATOR

FIGURE 1. Two TYPE 721·A Coil Comparators arranged for testing coils at two frequene

.THE REACTANCE AND RESIS·
TAN CE of coils and condensers used in
modern radio receivers are frequently held
to extremely close tolerances. Acceptance
tests and equipment for checking these fac
tors are important to both parts manufac·

turers and receiver manufacturers. Laboratory instruments of high ac·
curacy are available for making these measurements, but their relatively
high cost usually prohibits their use on the production line. The same
resultant accuracy, however, can be obtained by measuring and adjust.

VOLUME XII NOS. 3 and 4
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GENERAL RADIO 2
A NEW CIRCUIT
ITS ADVANTAGES

(2)

(1)

ing a standard coil in the laboratory and
comparing others with the standard by
means of simple, inexpensive instru
ments. Primarily for this latter purpose
the General Radio TYPE 721-A Coil
Comparator has been designed.

What method of measurement should
be chosen if it is desired to compare, at a
radio frequency, a number of production
coils with a standard sample? There are
available the familiar bridge methods,
resonance methods, detuning methods,
etc. Direct substitution can be used
equally well with all of these, and any
not too elaborate circuit which permits
the comparison to be made readily with
the desired degree of precision should be
satisfactory. Bridge measurements rely
on a null indication and can be made,
consequently, with almost any required
precision. They are difficult to set up,
however, and require considerable equip
ment. Resonance methods, although
capable of giving satisfactory results
when the losses in the coil are low, fre
quently do not permit settings to be
made sufficiently closely in other cases.
DetuDing methods, such as the zero
beat substitution method, likewise re
quire, for stable and satisfactory oper
ation, a considerable amount of equip
ment, and are difficult to adapt to the
checking of coil losses.

A new measuring circuit has been
adopted for the TYPE 721-A Coil Com
parator in order to keep the simplicity
of a resonance method, but with con
siderably increased precision of setting.
This circuit, which is a bridged-T net
work, is shown in Figure 2. Like a bridge,
it is capable of being balanced for a per
fect null indication, but unlike a bridge,
one side of the generator, of the detector,
and of the coil under test are connected
to a common grounded point. This sim
plifies considerably the whole arrange
ment, and the stray capacitance from
the generator to ground, or from the de
tector to ground, does not have to be
balanced out or otherwise compensated
for. Readings are completely indepen
dent of both generator and detector im
pedances. The effective low impedance
of the circuit, moreover, makes other ef
fects' such as capacitance between input
and output and capacitance to the oper
ator's body, almost unnoticeable.

The conditions for balance, if the two
condenser sections are approximately
equal and if the coil has a reasonably
high Q, are as follows:

1
Lw=----

(Cl + C2)w

R = Rs
4

TO
GENERATOR

TO
DETECTOR

FIGURE 2. Circuit
of the TypE 721-A
Coil Comparator.
C. and C2 are
ganged and oper
ated by a single
control. Land R
are the inductance
and resistance of
thecoil under test.
and Cs is the
stray capacitance
of the measuring

circuit
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however, only when the coil has reason
ably high Q. Moreover, between the
junction of the two condenser sections
and ground, there is usually an appre
ciable amount of stray capacitance
which is directly in parallel with the coil
and cannot be separated out in the mea
surement. The coil is measured, therefore,
when partly tuned by this additional
capacitance. The condition for the re
sistance balance is changed because the
partly-tuned coil has a higher apparent
resistance. The reactance condition is
not affected, except that the stray capac
itance decreases by just so much the tun
ing capacitance required in the two con
denser sections and raises the value of
the minimum tuning capacitance that
can be obtained. The complete balance
equations, taking account of both the
coil Q and the stray capacitance, are as
follows:

(3)
1

In other words, the sum of the capac
itance of the two sections of the tuning
condenser must be sufficient to tune the
coil to resonance, and the bridging re
sistance must be equal to four times the
coil resistance. If the coil were perfect
and had no losses, the bridging resistance
would have to be zero and the circuit
would become that of Figure 3, which
shows a simple series-resonant circuit
shunting the line, the coil being tuned
by the two condenser sections in paral
lel. The circuit of Figure 2 is seen to be
a series-resonant wave-trap in which
losses in the coil are compensated for by
splitting the condenser and inserting a
bridging resistance. In this way perfect
suppression of the applied voltage can
be obtained regardless of coil losses.

The two condensers C1 and C2 are
equal and are operated by a single con
trol which determines the reactance set.
ting. A small condenser, also in two sec
tion , is in parallel with the main con
denser and is used to show small dif·
ferences in reactance in comparison
measurements. The new circuit makes it
possible to provide an almost ideal ar
rangement: a single control, with an in
cremental adjustment, for reactance,
and an independent control for resis
tance.

CORRECTIONS
The simple relations which have been

given for the balance condition hold,

The correction for Q is seen to be gen
erally very small. If Q is 100, the correc
tion is only one part in 10,000. Q may be

FIGURE 3. If the
coil under test
had no losses, the
coil comparator
circuit would be
as shown here.
This is a series
tuned circuit di
rectly across the

line

O~-------Il--------O

CIL lC2
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as low as 10 without the correction ex
ceeding 1%. The correction for Q wiII be
recognized as the familiar expression for
the ratio between the equivalent series
reactance and the equivalent parallel re
actance of a coil. The complete reactance
condition (3) merely states, therefore,
that the total capacitance (C l + Cz +
Cs) must tune the coil to parallel reso
nance.

It is interesting that the bridging re
sistance has no effect "\ hatever on the
total tuning capacitance required. The
total capacitance is the same as would be
used under operating condition when
the coil is tuned by a parallel condenser.
Since the two condenser sections C l and
Cz are operated together as a unit, and
since the stray capacitance Cs depends
only on the condenser setting, it follows
that the instrument can be calibrated
directly in terms ofthe total capacitance
(C l + Cz + Cs) as if it were a simple
condenser. Referring to the diagram, it
will be een that this can be accom
pli hed by shorting the oscillator and de
tector terminals and measuring the total
capacitance across the points at which
the coil i to be connected.

The correction in expression (4) for the
effect of the stray capacitance on the re
sistance measurement depends on the
condenser setting alone and is indepen
dent of frequency. Thebridgingresistance
for balance is in all cases proportional to
the coil resistance, but the factor of pro
portionality is changed if the stray
capacitance is appreciable compared
with the total tuning capacitance.

PRODUCTION CHECKING
OF REACTANCE

The instrument is particularly conven
ient {or this application, since the direct
measurement of Land R i less impor-

tant than the ability to compare accu
rately a production coil with a standard
sample.

In many cases a reactance check alone
is all that is required. In such cases the
procedme is extremely simple and
traightforward. The small condenser,

marked LIMITS, is set at the center
scale zero, and balance obtained for the
standard coil by varying the resistance
control and the control of the main con
denser, marked STAND RD SET
TI G. The reactance setting is locked
by a clamp provided, the tandard coil
is replaced by the production coil, and
balance re tored by varying the aux
iliary LIMITS condenser and the re ist
ance control. If the production coil is
similar in construction to the standard,
the test can almost invariably be made
with sufficient precision by adjusting
only the LI ITS condenser, leaving the
resistance setting unaltered. In thi "\ ay,
an extremely rapid check can be ob
tained. If a meter, in place of an audible
tone, is employed to indicate balance,
its scale can be marked to correspond to
the required limits. This arrangement
may be preferable for certain applica
tions.

Condensers can be checked as readily
as coils, but it is necessary to use an ex
ternal coil to obtain balance. The LIM
ITS dial reads directly in micro
microfarads, 1 JJp.f per division, and the
scale -extends from - 13 J.l.J.I.f to +13 J.l.J.I.f.

Differences can be estimated to 0.1 J.l.J.I.f.

Although it is anticipated that the
single frequency test described above
wiII be generally adopted for production
checking, the circuit of the comparator
lends itself particularly well to more de
tailed tests. For example, a convenient
arrangement for checking coils at two
frequencies to obtain a measure of the
distributed capacitance can be made by
employing two TYPE 721-A Coil Com-
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para tors side by side, each with its
separately-tuned detector. If the oscil
lator fundamental and second harmonic
are used for the test frequencies, the
two inputs can be connected together.
It is then only necessary to shift the
high-potential coil lead to test at the
two frequencies and to insure that the
reactance value in each case falls within
the specified limits.

PRODUCTION CHECKING
OF RESISTANCE

Production coils can also be checked
for resi tance or for Q in comparison with
a standard coil. It has been shown above
that for coils of the same reactance the
setting of the resistance control is always
directly proportional to the coil resis
tance. The percentage deviation in R or
Q is equal in magnitude to the percent
age deviation of the resistance control
setting. The correction factor for the
stray capacitance need be considered
only for an absolute determination of R
or Q. Two ranges of the resistance con
trol are provided, reading directly 0·10
and 0-100 ohms "nominal," i.e., uncor
rected, coil re istance.

DIRECT MEASUREMENTS
OF RAND l

Although the TYPE 721-A Coil Com
parator has been developed principally
for production checking, it is believed
that it frequently will be found valuable
in the laboratory for direct measure
ments of reactance and resistance where
precise results are not required.

The circuit makes it possible, essen
tially, to compare a coil with a condenser
and resistor without any complication
due either to the impedance of the volt
age source or of the indicator employed,
and it permits the comparison to be
made as closely as desired. A suming an
accurate condenser calibration, the ac
curacy of measurement under such Cll:
cumstances depends principally on how
much the constants of the circuit ele
ments vary with frequency. t high fre
quencies the capacitance of a condenser
may differ widely from its low-frequency
value, and it Q may become comparable
to that of the coil. The difficulties in
making a variable re i tance operate
satisfactorily at high frequencies are we))

FIGURE 4. Panel
view of the coil
comparator. For
production test
ing, the main
dial is locked at
the standard set
ting and devia
tions are read on
the LIMITS dial
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known. Although the TYPE 721-A Coil
Comparator is not primarily intended for
direct measurements, both the condenser
and resistor have been designed so that
high-frequency effects are reduced as
much as is practicable, and the scales
provided permit readings to be made
with sufficient precision.

It has been shown that the stray ca
pacitance correction for resistance de
pends only on the condenser setting.
The condenser can be calibrated di
rectly, therefore, once for all, not only in
terms of total effective tuning capaci
tance, but also in terms of resistance cor
rection factor, obtainable from the ratio
of easily measured direct capacitances in
accordance with equation (4). This cor
rection curve does not vary appreciably
from one instrument to another, and the
average curve given in the operating in
structions is sufficiently close to permit
very satisfactory direct measurements of
resistance. It is merely necessary to mw
tiply the reading of the resistance con
trol by the correction factor correspond
ing to the condenser setting to obtain the
true series resistance of the coil.

It must be emphasized, however, that
the TYPE 721-A Coil Comparator is of
fered principally for comparison mea
surements and no guaranteecanbemade,
either with regard to frequency range or
accuracy when it is used as a direct-read
ing instrument. It is hoped that further
experience with the new circuit will make
it possible to evaluate the errors which
occur at high frequencies so that the ad
vantages resulting from its inherent
simplicity may be fu1ly realized in direct
measurements.

CONSTRUCTION

The condenser has the rotor and both
stators insulated from the frame. Con-

nection to the rotor is made at the center
between the two sections to reduce the
size of the inductive loop and improve
the high-frequency performance.

The variable resistance has low resid
ual inductance, and is capable of smooth
and continuous variation. The unit em
ployed is similar to the type used as an
output potentiometer in General Radio
standard-signal generators. It is wire
wound on a form of small cross-section,
and the winding is of the Ayrton-Perry
constru ction.

Two separate variable resistors are
employed, controlled by the same dial, a
toggle switch selecting the range desired.
The dial has 100 divisions giving direct
ly, without calibration, the "nominal"
coil resistance referred to above.

AUXILIARY EQUIPMENT

The TYPE 721-A Coil Comparator is
supplied without oscillator or detector,
in order to permit the greatest possible
flexibility and economy in the construc
tion of test benches. A single master os
cillator can be used to furnish power for
several coil comparators. If a modulated
oscillator is employed, a small broadcast
receiver can be used for the detector and
is very much less expensive than a spe
cialized piece of test equipment. An un
modulated oscillator can be used, if pre
ferred, with a heterodyne detector, or
with a straight radio-frequency detector
such as a radio receiver with an electron
ray tube tuning indicator. The oscillator
should be sufficiently shielded magneti
cally to avoid coupling to the coil under
test and should furnish, preferably,
about 10 volts output, although even a
standard-signal generator can frequently
be used satisfactorily. A new General
Radio modulated oscillator, suitable as a
source of power, will be announced in
the near future. - W. . TUTTLE
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itance calibration is supplied for the
main dial; this is actually the average of
a number of instruments and is within
±5%. The a u.xillary condenser dial is
direct reading in micromicrofarads and
the resistance dial in ohms. A correction
curve for the effects of stray capacitance
is supplied.

M0 untin g : The instrument can be sup
plied in a walnut cabinet for table use,
or with a metal dust cover for building
into test equipment.

Ace eS S 0 r i eS Requi red: Radio-fre
quency oscillator, preferably modulated
for use as a power source, and a radio re
ceiver for use as a detector.

Dim ens ion s: Panel, 12 x 9 inches;
depth behind. panel, TYPE 721-AM,
931 inches; TYPE 721-AR, 8%' inches.

Net Wei ght: TYPE 721-AM, 12%
pounds; TYPE 721- R, 8%' pounds.

Tun i ng Cap acit anee: The effective
tuning capacitance is adjustable be
tween 75 p.p.f and 1200 p.p.f when the aux
iliary condenser is set at zero (mid-scale).
This includes a stray capacitance of 25
to 32 p.p.f, depending on the setting of the
main condenser.
Res i stan ce: The resistance control
reads directly within 5% the "nominal"
coil resistance from 0.5 g to 95 g, in two
ranges. The correction for stray capaci
tance, however, lowers the maximum
measurable coil resistance to 46 g when
the tuning capacitance is 100 p.p.f, and to
85 g at 1000 p.p.f.

I ndue tan ceRa nge : Any coil can be
tested which can be tuned to resonance
at the test frequency by a capacitance
between the limits given above, and
which has a series resistance lying with
in the range specified above.
Calib rat ion: n approximate capac-

Type Code Word Price _

721-AM
721-AR I

With cabinet .
With metal dust cover. . . . .. . .

BIBLE

BIGOT

85.00
80.00

In the laboratories of public utility
companies where 60-cycle testing and
standardization are carried on, the
VARIAC is widely used as an easily-

adjusted source of test voltage. The
photograph below shows the VARIAC
being used for this purpose in the labora
tory of the Edison Company of Boston.
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STANDARDIZING
THE STANDARD·SIGNAL GENERATOR

• I N ARE CENTIS SUE ofthe Ex
perimenter a high-frequency standard of
voltage was described.* One of the chief
uses of this device has been the stand
ardization of signal generator output
levels at high frequencie . The following
article is written to give the large num
ber of signal generator users a brief idea
of how the e measurements are made.
The equipment described is purely ex
perimental; it has not been put in com
mercial form and is not available for sale.

A standard-signal generator usually
consists of an oscillator coupled through
an attenua tor to output terminals. The
constants of a resistive attenuator are
determined at dc or at audio frequencies,
those of inductive or capacitive tmits by
computation :from the phy ical dimen
sions or :from audio-frequency measure
ments. It is possible to intercompare dif
ferent types of attenuators, and a very
carefully constructed unit may be used
-L. B. Arguimbau, HA High.Frequency Yohage Standard,"
General Radio Experimenter, Vol. XII, 0.1 (June, 1937).

as a standard in checking cruder aLLen
uators. It is much better, however, to
use an entirely independent method.

As is well known, a detector tube with
an input consisting of two frequencie
superposed will give an output signal of
the beat or difference frequency. If one
of the signals is fairly large (e.g., 1 volt),
while the other is much smaller (e.g., 1
millivolt), the amplitude of the beat fre
quency will be very closely proportional
to the amplitude of the small input sig
nal. This proportionality holds over a
very wide range of amplitudes such as
60-80 db, so that the amplitude of the
difference frequency will serve as a mea
sure of the small input ignal even when
this signal is varied from 0.1 !Jov to 1000
!Jov or even 50,000 !Jov. Thi is a very u e
ful relationship because it permits com
parison to be made of the amplitudes of
high-frequency signals by measuring
amplitudes of low-frequency beat sig
nals.

AUDIO-fREQUENCY
OSCILLATOR

15 KC

f---------{/

®
R-f VOLTAGE

STANDARD

(0.5v)

®
SIGNAL

GENERATOR
UNDER TEST

(O.lpv-lv)
UNM ODULATED

f

©
R-f

ATTENUATOR

@
R-f

AMPLifiER

A-f

@ ATTENUATOR

BUffER

® AMPLIfiER

®
ATTENUATOR

AND TUNED

AMPLifiER

©
/

® r'\. HETERODYNING
G v OSCILLATOR

f-15 KC

FIGURE 1. A functional diagram showing the equipment and method of measurement used to
standardize signal generators
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Of course precautions must be taken

to make certain that the conditions ou t
lined above are really obtained. For ex
ample, it is important that the small sig
nal to be measured should not react on
the local heterodyning oscillator. Fur
thermore, the detection should all occur
in the detector rather than in the audio
measuring circuits. It is also important
that the mea uring circuit should mea
sure the beat frequency rather than 60
cycles or vacuum-tube noise of one sort
or another, a requirement which makes
highly selective audio-measuring cir
cuits necessary. When these precautions
have been taken, however, one has a
method of comparing any voltage level
with the output of the high-frequency
standard previously described.

The system is shown in the functional
diagram of Figure 1. Either the fixed
voltage standard or the signal generator
under test is connected through an at
tenuator to a high-frequency amplifier.
The attenuator is a capacitive one of
very low input capacitance and of com-

paratively high resonant frequency.
(The construction i similar to that
which was used in the TYPE 604-B Sig
nal Generator.)* This attenuator is in
cluded chieAy to provide a high input
impedance for the test circuit, although
it is also used for adjusting the circuit
operating level. It is removed when com
parisons are made between different low
levels of the arne generator. As indicated
in the figure, the amplified high fre
quency is heterodyned with another high
frequency, and the low-frequency out
put is passed through a low-pass filter to
audio-frequency measuring equipment.
The audio equipment consists of a tuned
circuit analyzed built in a particularly
flexible manner with gain controls in
various positions; the circuit being ar-

•.E. Karplu8, HReceiver Testing in the Ultra IIigh.Frequency
Band8/' General Radio E.T.per;menter, Vol. VII, No. 9
(February, 1933).

tAo G. Landeen, "Analyzer for Complex Electric ',aves,"
/Jell $)'stent Technical Journal, Vol. VI, pp. 230-247 (April,

1927).

FIG RE 2. Photograph of the apparatus used at General Radio. The encircled letters correspond
to those in the diagram of FIGURE 1
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ranged to give a minimum of vacuum
tube noise. The comparison audio-fre
quency signal was provided with an at·
tenuator of 120-db range in 0.2 db steps.
Interpolation made it possible to esti
mate to about 0.01 db under favorable
conditions.

The procedure in making the mea
surement is evident from the functional
diagram of Figure 1. The standard volt
age is applied and a reading obtained on
the audio-frequency voltmeter. The un
known voltage from the generator under
test is then substituted for the standard
and the audio-frequency attenuator is
adjusted to produce the same deflection.
The difference in the attenuator settings
for the two conditions then gives the dif
ference in level between the standard
and unknown voltages.

At standard broadcast frequencies,
the accuracy of measurement is in the
vicinity of 0.1%. At high frequencies
(30 to 100 Mc), although the error in the
voltage standard itself is small, differ
ences between the internal impedance of
the standard and that of the generator
under measurement may lead to unpre
dictable errors at some frequencies be
cause of resonant effects. In general,
however, the error at high frequencies is
not greater than 2% or 3%.

Two models of this equipment have
been built and development has been
started on a third. The first unit was
built in 1930 for use in the standard
broadcast band; the second, built two
years later, could be used at frequencies
up to 30 megacycles and it is hoped that
the new unit will operate up to 100 mega
cycles.

- L. B. ARG IMBA

STANDARD FREQUENCIES FOR THE MUSICIAN
• 0 N J U N E 1, 1937, the ational
Bureau of Standards began a new and
unique standard-frequency service. In
tended for musicians, the new transmis
sion consists of a 5-megacycle carrier
modulated at 440 cycles per second, the
American standard of musical pitch for
A above middle C.

Experimental transmISSIOns were
given in August and September, 1936,
and the interest displayed by musicians,
musical organizations, and manufac
turers of musical instruments was suf
ficient to justify their continuance as a
regular standard-frequency broadcast.

Both the 440-cycle modulating fre
quency and the 1000-cycle frequency
used on other standard-frequency trans
missions are derived from a standard-

frequency oscillator by means of multi
vibrators supplied by the General Ra
dio Company.

Figure 1 shows how these frequencies
are obtained from the standard fre
quency of 200 kc. A frequency of one
kilocycle is produced by dividing 200 kc
in three steps of 4, 5, and 10, respec
tively. The output of the 1-kilocycle
multivibrator is filtered to obtain a pure
1000-cycle voltage which is then used to
modulate a standard frequency trans
mitter. To produce a 440-cycle fre
quency, the 11th harmonic ofthe I-kilo
cycle multivibrator is selected by means
of a filter and used to control an 11
kilocycle multivibrator. Two successive
reductions by factors of 5, using multi
vibrators of 2.2 kc and 0.44 kc, are then
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FIGURE 1. Block diagram showing how frequencies of 1000 cycles and 440 cycles are derived
from a 200-kilocycle standard frequency

necessary to produce the desired 440
cycles per second. A filter is used to
eliminate harmonics from the 440-cycle
voltage.

The ational Bureau of Standards
is interested in receiving reports of
methods of use or special applications
of the standard frequencies.

MISCELLANY
eAT THE SUMMER CONVEN
TION of the American Institute of Elec
trical Engineers held at Milwaukee in
June, the Best Paper Prize for 1936 in
the field of theory and research was
awarded to Dr. Harold E. Edgerton of
M.LT. for his paper on "High-Speed
Motion Pictures" presented at the Win
ter Convention of the Institute in ew
York in January, 1936. Dr. Edgerton is
the originator of the Edgerton Strobo
scope and of the high-speed camera
manufactured by General Radio.

eRE CENT VI SIT 0 RS at General
Radio: Messrs. I-Lun Liu and Chao-Chi
Cheng, radio officers of the Chinese

avy; Mr. R. L. Palmer, Laboratory
Supervisor, International Business Ma
chines, Inc.; Mr. C. G. Motwane ofEast-

ern Electric and Engineering Company,
Bombay, India.

e MR. H. B. RIC HMO N D, Treas
urer of the General Radio Company,
sailed with Mrs. Richmond and their
two children on the S. S. Saturnia, on
July 25, for Venice. He plans to spend
several weeks in Europe and will visit a
number of General Radio's foreign rep
resentatives.

e ANAP 0 LOG Yis due our readers for
the photograph of Figure 5 in our May
issue. Although diode characteristics are
not linear for low values of voltage, this
photo shows exactly linear meter scales.

pon investigation, we find that the
meter shown was one of a lot rejected be
cause the scales were incorrect.
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• T HAT THE CUR RENT building
boom has already reached General Radio
is indicated in the accompanying photo
graph which hows a fourth floor being
added to the only three-floor unit of our
factory. This addition, now completed,
brings our floor space to over 75,000

square feet, in three four-floor units .
• TYPE 721-A COil COMPARATOR
was designed by Dr. W. . Tuttle,
author of the article describing it which
appears in this issue. These instruments
are already in stock and immediate
delivery can be made.

30 STATE STREET
BRANCH ENGINEERING

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

communication-freciuency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position of
individual.

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

OFFICE - 90 WEST STREET, NEW YORK CITY



FIGURE 1. Panel view of the TYPE 686-A Power-Level Jndjeator
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A PEAK· READING POWER·LEVEL
INDICATOR FOR MONITORING BROAD·
CAST AND SOUND RECORDING CIRCUITS
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• THE S H0 RT COM I NGS of existing
types of power-level indicators are matters
of common knowledge to both the chief
engineer and the man who "rides the gain"

in the monitoring booth. Old-style, sluggish indicators, however well
they may read the r-m-s average of power levels, are useless for indicat
ing the rapid surges of power in speech and music transmission. These
sudden peaks of short duration cause circuit overload with its attendant
transmitter distortion and light-valve clash in sound recording. The
newer high-speed meter movements, on the other hand, follow the minor
level fluctuations so faithfully that the eye has difficulty in interpreting
the readings, and their continued use results in eyestrain and fatigue.

The ideal meter characteristic is one having a fast upswing so that
true amplitude indications are obtained on the shortest pulses of speech
and music, while a slow return movement makes it possible to observe
the peak amplitude and eliminates the fatiguing erratic motion charac
teristic of the rapid return swing.

This arrangement, used in modern broadcast modulation monitors,
was originally agreed upon as a result of conferences on broadcast
modulation monitors sponsored by the Federal Communications Com
mission. Attending the conferences were representatives of the Com-

~

~ PEBIMENTEB
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FIGURE 2. Photograph of the indicating
meter. The main scale is black on a yellow
back.ground. The decibel scale is red. Two

lamps behind the panel illuminate the scale

mission, the broadcasters, and leading
manufacturers of radio instruments.
Tests and demonstrations of differ
ent types of meter movements were
made through the courtesy of Bell Tele
phone Laboratories in New York City.
These conferences were the basis of the
Federal Communications Commission
specifications for modulation monitors.
The desirability of this type of monitor
ing indication has been amply demon
strated by the modulation monitors, and
this has served to emphasize the need
for a similar system in audio-frequency
monitoring. Among the advantages of
such a system are:

(1) A more accurate indication of
peaks is obtained.

(2) The meter is easy to read without
eyestrain.

(3) Because it gives the same type
of peak indication as does the modula
tion monitor, audio-frequency power
level readings can be interpreted in
terms of percentage modulation and
peak readings accurately checked between
the studio and the transmitter.

(4) By adding a 0-to-100 scale like
that on the percentage modulation
meter, the reading of the power-level
indicator can be made to coincide with
that of the modulation monitor.

(5) The psychological effect is excel
lent in that the meter seems to show the
audio wave as it sounds to the ear from
a monitoring loudspeaker or head
phones.

TYPE 686-A POWER-LEVEL
INDICATOR*

General Radio's new TYPE 686-A
Power-Level Indicator, shown in Figure
1, has the high-speed, slow-return meter
movement just described. Designed to
meet a set of rigid specifications for
electrical performance, it registers faith
fully and follows accurately the peaks
occurring in speech and music. Particu
lar attention has been given to mechani
cal features such as ease of reading and
accessibility of tubes and other compo
nent parts.

CIRCUIT
The circuit is that of a full-wave

vacuum-tube voltmeter with a linear
preamplifier. Since the input impedance
is resistive and constant with amplitude,
no distortion is introduced into the
channel across which it is connected.
This impedance is greater than 15,000
ohms, resulting in an insertion loss of
less than 0.15 decibel. Consequently, a
negligible amount of power is absorbed
from 500-ohm transmission lines.

METE R
The indicator is a large high-speed

Weston Model 643 Meter. The needle
reaches its maximum deflection in ap
proximately 0.15 second which means
that it will respond to the shortest
pulses occurring in most speech and
music circuits. The mechanical damping

*This instrument has been developed in collaboration with
the Columbia Broadcasting System. Their assistance in
de8i~n and testing is gratefully acknowledged.
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stops the swing at maximum amplitude
with no appreciable overshoot, and an
electrical delay circuit, composed of
capacitance and resistance, allows it to
return slowly toward zero. In this way
the meter registers accurately each peak,
but appears to "float" on the peaks
without erratic movement.

The meter scale, shown in Figure 2, is
printed in simple bold figures on a soft
yellow background. The main scale,
reading from 0 to 100, can be used to
indicate per cent modulation, per cent of
modulation capability, per cent utiliza
tion of channel, or percentage of any
arbitrary limit. An auxiliary scale read·
ing in decibels is also provided. The scale
is illuminated from behind the panel so
that it is easily read in dark monitoring
booths. The upper range of the scale
above 100 is colored red as a warning
against small overloads.

RANGE
A wide operating range is provided.

Zero decibels on the meter, which is
about three-quarters of the way up
scale, correspond at greatest sensitivity
to an operating circuit level as low as
-20 decibels. A level of -40 decibels

represents a deflection of about X inch
and is easily readable. The maximum
level is +33 decibels. The operating
level of the instrument is adjustable by
means of a 10-step switch in 2-decibel
steps and a key-switch multiplier.

OTHER DESIGN FEATURES

o power transformers or filter choke
coils are used. Therefore, the instru
ment cannot induce 60-cycle hum into
surrounding high-gain amplifiers by in
ductive pickup. All tubes are easily ac
cessible from back of relay rack. The
input may be connected to a terminal
board in rear or to normal-through
standard double patch-cord jacks at
front of panel. This feature is especially
useful when the instrument, although
permanently connected in one channel,
is desired to check another system which
cannot be patched in through the regular
patchboard. The power input terminals
are shown at the right of Figure 3. The
attachment is designed to hold B cable
which can be wired directly to the term
inals shown. - ARTHUR E. THIESSEN

FIGURE 3. Rear view of the power.level indicator with dust cover removed. ote that all tubes
are easily accessible from the rear
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POWER·LEVEL INDICATOR

3 -TYPE 6F5
I-TypE 6H6
I-TypE 25Z6

Calib rat ion: The instrument is precalibrated
at the factory, and any change resulting from
tube replacements can be easily corrected by
the nser.
Power Sup ply: 115 volts alternating current,
50 to 60 cycles.
M0 untin g: Standard relay-rack mounting, 19
inches by 5~ inches; depth behind panel, 872
inches; black crackle panel finish.
Net Weight: 2372 pounds with tnbcs and
accessories.

SPECIFICATIONS FOR TYPE 686-A

Power· Ley eI Ran ge: Zero decibels on the
meter scale (100 on black scale) will represent
from -20 to +30 decibels, depending on at
{enuator setting. Total over-all calibrated range
-40 to +33 decibels. All ratings are for a zero
level of 6 milliwatts in a 500-ohm line. Calibra
tion at otber zero levels or for other line imped
ances can be supplied on order.
Fr eque ncy Charae t er i sti c : Tbe frequency reo
sponse is flat within one decibel from 60 to
10,000 cycles; within two decibels from 40 to
12,000 cycle .
Va cuumTub es: Five all-metal tubes are used,
casily acccssible from back of pancl:

Code Word Price

686-A A 'GER 195.00

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

AN ULTRA·HIGH·FREQUENCY OSCILLATOR
• THE WID ENI N G FIE L D of usefulness for
ultra-high frequencies in radio communication
has naturally stimulated the development of
equipment for making measurements at those
frequencies. Measurements of such factors as
reactance, resistance, dielectric constant, per
meability, and power factor are necessary both
to prove the acceptability of existing dcsigns
and to provide a basis for the development of
new designs and the application ofnew materials.

A prerequisite for measurements at any fre
quency is a satisfactory power sonrce. The
anthor, a member of the staff of the Department
of Electrical Engineering at the Massachusetts
Institute of Technology, has developed for this
purpose the ultra-high-frequency oscillator de
scribed here. The work was a joint research
project of M. I. T. and the General Radio
Company.

-EDITOR

Vacuum·tube oscillators for operation
at ultra-high frequencies have received
considerable attention in the last few
years. Improved vacuum tubes have per
mitted the use of circuits which govern
the frequency of oscillation to a much
greater degree than is possible at these
frequencies with the older and more
conventional tubes. Several tank cir
cuits for frequency stabilization have
heen developed, notably the parallel
wire and coaxial transmission lines and
the Kolster toroid. None of these, how
ever, meets all the requirements for a
satisfactory laboratory source. These
requirements are as follows: (1) A high
degree of frequency stability under vary
ing external conditions, (2) a confined

FIGURE 1. The complete oscillator
consisting of tank circui t and vacuum
tube. The over.all height is 7 inches



lKelly, M. J., and A. L. Samuel, uVacuum Tubes as High
Frequency Oscillators," E. E., Vol. LIII. 0.11, Nov., 1934,
pp.1504.1517.

This tank circuit consists of an outer
containing-cylindet' with a cylindrical
piston-shaped insert. Referring to Figures
2 and 3, it is perhaps simplest to con
sider the oscillatory tank circuit as an
L-C circuit, who e capacitance is that
formed by the outer cylinder and the
large inner copper tube, and whose in
ductance is that obtained by the field
surrounding the inner copper rod. The
dimensions of the tuned circuit are
sufficiently small in comparison with the
wavelength to permit its treatment as
a lumped circuit.

The effectiveness of this oscillatory
circuit for frequency stabilization is the
result of the low losses in its component
elements and of its connection to the
vacuum tube in such a manner as to
appear as a circuit with elements of low
reactance. For the oscillator illustrated,
which has an outside diameter of slightly
more than 4 inches, the tank capacity is

GRID

MICA
FREQUENCY ADJUSTMENT (GRID BLOCKING CONDENSER)

FIG RE 2. Sectional view of the tank circuit
showing details of assembly

electromagnetic field, (3) ample output
for use as a source for high frequency
measurements, and (4) a convenient
physical size. A good compromise be
tween these conflicting requirements has
been achieved in a new oscillator utiliz
ing a vacuum tube! especially designed
for the ultra-high frequencies coupled
to a lumped concentric-element tank
circuit.

5 EXPERIMENTER

FIGURE 3. The concentric-element tank circuit taken apart. The outer hrass shell is shown on
the left, the inner copper cylinder on the right. The brass disc in the foreground closes the
brass cylinder after the
copper insert has been
placed in position. The
small copper cylinder,
located eccentrically on
a shaft passing through
the disc, was used in
conjunction with the
large copper cylinder to
form a small, variable
condenser for the ad
j ustment of the fre
quency to a particular
value. The grid-block
ing condenser made of
a brass plate, separated
from the brass disc by
a thin mica sheet, is
the support for the grid
rod.
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about 130 jJ.jJ.f, and the tank inductance,
about 18cm (18 x 10-9h). At its operat
ing frequency of 100 Mc the Q of the
resonant circuit is approximately 2500.

The properties of this oscillator which
are of interest here are the effect on the
frequency of oscillation of variations in
electrode voltages and other external
conditions, the effect of loading, and the
drift in frequency during the warming
up period.

The change in the frequency of oscil
lation produced by a variation in the
applied plate voltage is given in Figure
4. There is also given in the same figure
a similar curve obtained when the oscil
lator was connected to a resistive load
so as to produce 4 watts output to the
resistor with a plate-circuit efficiency of
20% at a plate voltage of 400 volts. The
stability for the loaded condition is
naturally not so good as that obtained
for the oscillator unloaded because of the
increased losses of the complete system,
but it is much better than the stabilities
of earlier types of oscillators for this fre
quency region2•

Because of the method used in the
measurement of these changes in fre-
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quency, these results contain no appre
ciable drift effect and can be considered
as essentially dynamic measurements.
That is, the effect of physical changes
in the oscillator as a result of varying
thermal conditions was minimized in
order not to mask the effect of dynamic
changes in the tube parameters.

A rapid variation of the applied fila
ment voltage produced only a very small
shift in the frequency. However, a slow
variation in the filament voltage which
permitted the thermal equilibrium of the
filament to readjust itself produced a
change in frequency opposite in sense to,
and somewhat greater in magnitude
than, that produced during the rapid
variation of the plate voltage shown in
Figure 4.

The ambient temperature coefficient
of frequency of the oscillator has been
made less than the temperature co
efficient of expansion of the individual
metals which are used in the tank circuit.
This reduction has been accomplished
by the proper utilization of the differing
temperature coefficients of expansion of
brass and copper to produce a tank
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XXXV, No.6, June, 1930, pp. 212-223.

Wenstrom, W. H. t HAn Experimental Study of Regener
ative Ultra-Short-Wave Oscillators," Proc. J. R. E., Vol. X.
January, 1932, pp. 113-130.
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FIGURE 5. Drift in frequency of 0 cillation
during warming-up period at plate voltages of
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capacitance with a negative temperature
coefficient which approximately balances
the positive temperature coefficient of
the inductance. By this means, an
ambient temperature coefficient of fre
quency of less than 5 parts per million
per degree Centigrade is readily achieved.

The drift in frequency of oscillation
during the warming-up period for the
unit illustrated is given in Figure 5.
This drift, which is approximately pro
portional to the input power to the plate
circuit, is primarily a result of changes
in the spacing of the tank condenser be
cause of the temperature differential

developed in the oscillator. By a change
in the design of the given tank circuit,
this drift can be materially reduced.
However, to accomplish this reduction,
the physical size should be increased, or
the resultant frequency stability during
varying electrode voltage conditions will
be lessened. Thus, for a given applica
tion of this type of oscillator, unless
compensation means are used, a design
which effects the best compromise for
that application should be adopted.

-AR OLD PETERSON

TYPE 418·G DUMMY ANTENNA
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na is designed to these pecifications. It
is mounted in a cylindrical metal case,
with plug and jack terminals to fit the
TYPE 605-A Standard-Signal Generator
and its output cable.

FIGURE 1. Resistance, reactance, and imped
ance characteristics of the TYPE 418-G Dummy

Antenna - .
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• TENTATIVE SPECIFICA
T ION S for a new standard dummy an
tenna for receiver testing have been
adopted by the I.R.E. Standards Com
mittee on Radio Receivers. Previously
two dummy antennas were recom
mended to simulate the characteristics
of a standard receiving antenna. One of
these, intended for use between 540 and
1600 kc, consisted of a seriesl circuit
containing 200 f.J.f.J.f, 20 f.J.h, and 25 n; the
other, for use at higher frequencies, was
a 400-ohm series resistance.

The new standard dummy antenna
approximates both these characteristics.
I ts minimum impedance is 220 ohms,
mainly resistive, at 2200 kc. The im
pedance approaches 400 ohms resistive
at higher frequencies. The circuit con
stants and the impedance characteristic
of the antenna are shown in Figure l.

The new TYPE 418-G Dummy Anten-

SPECIFICATIONS
Dim ens ion s: (Length) 4Ys x (diameter) 1 Ys
inches, over-all.

Met Wei g h t: 6 ounces.

Type Code Word Price

418-G DITCH 10.00

FIG RE 2. Photograph
of the dummy antenna



MISCELLANY
• T HIS YEA R'S unusually brisk sea
son of transatlantic travel was aug
mented on the week-end of September 19
by the return of General Radio's treas
urer and the departure of its president.
Mr. Richmond, returning from several
weeks in western Europe, brings a full
quota of photographs, including several
excellent views of our foreign sales
agencies. Mr. Eastham, leaving for a
vacation of about three months, plans
to spend some time in eastern Europe.

.TYPE 686·A POWER-LEVEL IN
o I CAT 0 R, described in this issue of
the Experimenter, was designed by A. E.
Thiessen and Frederick Ireland.

• I F YOU ARE AT TEN 0 I NG the
Rochester Fall Meeting of the Institute
of Radio Engineers, be sure to call a1
the General Radio booth. Measurin~

and test instruments for manufacturers
of receivers and parts will be on display,
and a staff of GR engineers will be in
attendance.

• MR. ROB ERTF. FIE L 0 held his
annual house party for GR engineers on
the week-end of September 19 at Lake
Winnipesaukee, New Hampshire. Nine
teen attended and made full use of the
available facilities for sailing, swimming,
tennis, badminton, and other outdoor
sports. A Saturday guest was Elec
tronics' Editor, Keith Henney, whose
Leica was much in evidence. Those
familiar with Mr. Henney's prowess in
the field of portraiture will be interested
in the marine scene shown above. His
erstwhile portrait victims at General
Radio wish him all possible success in
this new field.

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

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position oj
individual.

RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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FIGURE 1. Panel view of the TYPE 684-A Modulated Oscillator

A RADIO·FREQUENCY SOURCE
FOR THE LABORATORY

6
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IN THIS ISSUE

Page

TYPE 449-A ADJUSTABLE
ATTENUATOR 4

IMPROVElI1ENTS IN THE
STANDARD-SIGNAL
GENERATOR

• NEAR LY ALL RAD I O-F REQUE NCY
MEA SUR EMEN T S require a source of
radio-frequency power, and consequently the
r-f oscillator is one of the most important
items in the equipment of the radio labora

tory. Because of the manifold applications of a general-purpose r-f oscil
lator, ease of operation is a primary design requirement. This feature is
emphasized in the TYPE 684-A Modulated Oscillator.

The design of this new oscillator is similar in many respects to that of
the TYPE 605-B Standard-Signal Generator. The master oscillator uses
the same tuned circuit with its wide frequency range and direct-reading
dial. The oscillator is followed by an amplifier which operates (1) as a
modulator and (2) as a buffer to isolate the output circuit from the oscil
lator. Although this arrangement is identical with that used in the signal
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GENERAL RADIO 2

generator, the output of the amplifier is
considerably higher than in the signal
generator because the restrictions of low
output impedances and accurate voltage
calibration are removed.

Other features include internal modu
lation at 1000 cycles, a detector for ob
taining heterodyne beats when the oscil
lator is unmodulated, and a 1000-cycle
output for audio-frequency testing. The
instrument can be supplied for a-c oper
ation with a built-in voltage regulator, or
for operation from external batteries.

USES

The TYPE 684-A Modulated Oscillator
provides a completely satisfactory power
source for the TYPE 516-C Radio-Fre
quency Bridge and for the TYPE 721-A
Coil Comparator. In measuring an
tennas and other impedances with the
radio-frequency bridge, the direct-read-

ing frequency control of this oscillator
greatly reduces the time consumed in
making measurements. Since the fre
quency calibration is good to 1%, the os
cillator is quite satisfactory for approx
imate frequency measurements. Here
both the direct-reading feature and the
provision for obtaining heterodyne beats
are valuable.

FREQUENCY RANGE

The range of frequencies covered by
this oscillator is extremely wide, extend
ing from high audio frequencies to the
low end of the ultra -high frequency
range. The normal, direct-reading range
extends from 10 kilocycles to 30 mega
cycles. An additional range, not direct
reading, is provided to cover frequencies
between 30 megacycles and 50 mega
cycles.

The main frequency-control dial car
ries three scales, two of which are direct
reading in frequency. The third scale is
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A schematic circuit diagram is shown
in Figure 3. Power supply is omitted
from this diagram for the sake of sim
plicity, as are the 1000-cycle output
terminals.

POWER SUPPLY
The TYPE 684-A Modulated Oscillator

can be supplied for operation from a 115
or 230-volt, 40-to-60.cycle, a-c line or
from external batteries. In the battery
model, space is provided for small plate
batteries, but filament heaters are sup
plied by an external storage battery.

MODULATING
OSCILLATOR

+

R- F OSCILLATOR

1400 J1.J1.f. In addition, all ordinary line
voltage fluctuations are compensated for
in a-c operated models by a built-in line
voltage regulator. Modulation and vari
ations in load have a negligible effect on
the oscillator frequency, since an ampli
fier-modulator stage is used between the
oscillator and the output circuit.

CIRCUIT

~y + ~

FIGURE 3. Schematic WlTmg diagram of
TYPE 684-A Modulated Oscillator. For the
sake of simplicity, power supply connections
are omitted, as are the 1000-cycle output ter
minals and the modulation switch and its
associated terminals for using the lOOO-cycle

oscillator tube as a detector

STABILITY

Output characteristics for the TYPE
684-A Modulated Oscillator are shown
in Figure 2. The output impedance is
1800 n (resistive) in the middle of the
frequency range. At high frequencies,
the impedance is lowered by the shunt
capacitance of 35 J1.J1.f; at low frequencies
by the shunting effect of the plate feed
choke of the amplifier tube.

Radio-frequency harmonics are ap
proximately 10% of the output voltage.

An internal 1000-cycle oscillator sup
plies modulating voltage to the grid of
the amplifier tube for about 35% mod
ulation, independent of the carrier fre
quency setting. When modulation is not
desired, the 1000-cycle oscillator tube
can be used to produce heterodyne beats
between the r-f oscillator and any ex
ternal frequency. The output of the
1000-cycle oscillator is available at a
pair of terminals for audio-frequency
testing.

OUTPUT

Oscillator stability is excellent because
of the large tuning capacitance of

linear and is engraved in arbitrary divi
sions. Since the condenser plates are
shaped to give a logarithmic variation of
frequency with dial rotation, equal an
gular intervals on the dial correspond to
equal percentage changes in frequency.
This property is used in providing an
auxiliary slow-motion dial with 125 uni
form divisions, each corresponding to
0.1% change in frequency. Both dials
are illustrated on page 7, under the de
scription of the TYPE 605-B Standard
Signal Generator.

SPECIFICATIONS

Car r i er Fr eque ncy Ran g e: 9.5 kilocycles to
30 megacycles, direct reading; 30 to 50 mega
cycles, not direct reading.

Fr eque ncy Ca lib r aIi 0 n: Direct-reading dial

accurate to 1% up to 10 Mc and accurate to 2 %
up to 30 Mc. A correction curve is supplied for
the 10-30 Mc ranue, yielding an accuracy of cal
ibration of 1%. X frequency calibration curve
is supplied for the 30-50 Mc range.



GENERAL RADIO 4

Open Circuit Output Voltage: 20 to 25
volts up to 2 Mc, decreasing with frequency to
1.0 volt at 30 Mc, when using the a-c supply or
225-volt battery plate supply. This output is
approximately halved when using a 135-volt
battery plate supply.

outp utI mpedan ce: Essentially 1800 n shunted
by 35 IJlJf.

Mod uIat Ion: Internal modulation of about
35%at 1000 cycles (± 5%) controlled by switch.

1000 - CycleT 0 ne: A lOOO-cycie (± 5 %) volt
age of 10 or 20 volts (dependin u on power
snpply) is available at the panel. The output
impedance for this frequency is 20 Kfl.

Het erod yne: A heterodyne detector for check
ing frequencies is built into the instrument.

Tubes:
With battery supply:

One 89-type tube
Two 76-type tubes

With a-c supply:
One 5Z4-type rectifier tnbe
Onc 6F6·type tube
One 6F5-type tube
Four Type T-4~ Neon Lamps
One 89-type tube
Two 76-type tubes

All necessary tubes are furnished.

Power Sup ply: Either a-c operation or bat
tery operation is possible. The a-c power supply
operates from 40-60 cycle lines of 115 or 230
volts and compensates for ordinary line voltage
fluctuations.

With the battery model, a battery control
panel is supplied which rrovides filters and con
nections for an externa 6-volt battery and for
an external 225-volt "B" battery. If desired,
three 45-volt "B" batteries can be installed in
side the instrument.

Power Consumption:
A-C Operation: 60 watts.
Battery Operation: 6 volts, 1.2 amperes; 135

volts, 20 ma or 225 volts, 40 rna.

Shie I din g: Sufficient shielding has been pro
vided to permit the use of the instrument for
bridge measurements.

M0 untin g : The instrument is supplied for table
mounting, but can be easily adapted for relay
rack mounting by removing two brackets at the
ends of the panel.

Either power supply is mounted directly in
the instrument.

Accessories:
Shielded Output Cable
Terminal Shield
TYPE 274-M Plug
One 6-foot cable for line connection with

TYPE 684-Pl Power Supply.
One 10-foot shielded cable for battery con

nection with TYPE 684-PI0 Battery Supply
Panel.

Weight:
With a-c power supply: 47 pounds.
With battery supply panel: 38 pounds.

Dimensions: 19~ inches wide, 10~ inches
high, 11 inches deep, over-all. Panel, 19 x 10~

inches.

Type Code Word Price

684-A

684-A

A-c power supply, 115 volts, 40-60
cycles

Battery power supply .....

BA JO

BANDY

340.00

320.00

TYPE 449-A ADJUSTABLE ATTENUATOR
elT IS FREQUENTLY NECES
S A RY to reduce by definitely known
amounts the signal levels in broadcast
speech circuits and in sound motion
picture recording channels. Such adjust
ments of level may also involve changes
in line impedance. A convenient atten
uator for making these adjustments
greatly facilitates the interconnection of
lines, amplifiers, and mixers, and increases
the flexibility of the studio equipment.
It is especially useful as an isola tion net·
work between transmitter equipment

and telephone lines. The Columbia
Broadcasting System, for instance, has
found this type of attenuator to be very
convenient.

The TYPE 449-A Adjustable Attenu
ator, which is designed specifically for
this purpose, is a compact, ruggedly con
structed, and accurate network which
can be quickly placed and plugged into
any speech or music circuit requiring
level or impedance adjustment.

It consists of six separate balanced-H
networks controlled by three lever-key
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FIGURE 2. Wiring diagram of the first switch.
Connections for the other two switches are

similar

switches. The input network resistance
is 500 ohms. The action of the first two
keys inserts attenuation in 10-decibel
steps between 0 and 60 decibels. The
third key operates an impedance-taper
ing network, which in the forward po
sition tapers the impedance from 500
ohms to 250 ohms and at the same time
inserts exactly 10 decibels of attenua
tion. In the back position a network is
inserted which tapers the impedance
from 500 to 50 ohms and inserts exactly
20 decibels of loss. Either end of the net
work may be used as input so that high
impedances may be matched to low or
Vice versa.

The whole assembly is mounted in a

small cast-aluminum case which may be
located at any convenient point in the
speech circuits. It can be stowed away at
the bottom of a relay rack or mounted on
top of a speech amplifier or inside a mon
itoring loudspeaker cabinet. Its over-all
dimensions are only 77;:£ x 3~ x 5~

inches.
The base of the cast housing has two

holes conveniently located so that the at
tenuator may be screwed to the front of a
relay-rack panel for permanent mount
ing if desired.

Both the input and output jacks take
the standard Western Electric Type
241-A Double Connector Plugs. Two
pairs of jacks are provided on both the
input and output so that parallel connec
tions can be conveniently made.

The TYPE 449-A Adjustable Atten
uator is sufficiently accurate for use as a
standard of attenuation for checking
gain of amplifiers or loss in volume con
trols, lines, and other networks. The re
sistors comprising the various networks
are all wire-wound and adjusted within
0.5%. The accuracy of attenuation is

FIGURE 1. Photograph
of the TYPE 449-A
Adj ustableAttenuator,
showing the photo
etched panel. The cabi
net is of cast alwninum,
giving complete shield
ing and dust protection.
Switches and jacks are
of Western Electric
manufacture and are

the hest available
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within 0.1 decibel over the frequency
range from 0 to 20,000 cycles. Although
primarily designed for low-level circuits,
the attenuator will dissipate approxi-

mately one watt in any of the six net
works. Great care has been taken to make
the assembly rugged to withstand any
ordinary service conditions and to main
tain reliable circuits in either permanent
or temporary installations.

SPECIFICATIONS

Cire uit: Balanced-H.

Imp edan ce: 500 n in one direction, 500 n,
250 fl, or 50 fl in the other direction.

Gr 0 und : The center connection is not grounded
but can be grounded to the case by the user, if
desired.

Ter min aIs: The terminal jacks take Western
Electric Type 241-A Double Connector Plugs.

Two pairs of jacks (parallel connected) are pro
vided at both input and output.

Attenuation Range:
500 fl- 500 fl: 0 to 60 db in 10-db steps
500 fl - 250 n: 10 to 70 db in 10-db steps
500 fl - 50 U: 20 to 80 db in 10-db steps

Dim ens ion s: Panel 774 x 3% inches; depth,
572 inches.

Net Weight: 474 Ibs.

Type

449-A

IMPROVEMENTS
STANDARD·SIGNAL

Code Word

AMISS

IN THE
GENERATOR

Price

70.00

• I N E VI TAB LY, slight changes in the
design details of an instrument take
place with each successive lot manufac
tured. These result not only from the
suggestions supplied by the user, but
also from what is usually termed
"progress in the art," which includes im
provements in manufacturing methods

as well as in design. Minor changes, re
sulting in a slight improvement in oper
ation, are seldom formally announced,
but, when the sum of these reaches the
point where, in the aggregate, they con
stitute a major change in specifications,
formal recognition must be given to the
fact.

FIG HE 1. Panel view
of the new TYPE 605-B
Standard-Signal Gen-

erator
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*See General Radio E-r:perimenter, June, 1936.

FIGURE 2. Photograph of the main and
auxiliary dials. These are also used on TYPE

684-A Modulated Oscillator

FIGURE 3. A selectivity curve for a radio
receiver, taken with the TYPE 605-B Standard

Signal Generator

added, at which an output constant at
one volt can be obtained. This feature
was also included in later TYPE 60S-A
instruments, and has been fOImd a con
venience for many types of general lab
oratory measurements.

(3) To facilitate the taking of selectiv
ity curves, the slow-motion dial, shown
in Figure 2, has been added. This drives
the main dial through a gear train, the
reduction being approximately 20: 1.
The auxiliary dial carries 12S divisions,
each corresponding to a frequency
change of 0.1%. Adding this dial has
made it necessary to redesign the air
condenser which it drives. Changes in the
condenser include a cast -aluminum
frame and slip rings for making contact
to the rotor. This latter feature, which
was included on later models of the old
condenser, allows more reliable contact
with the rotor at high frequencies, with a
consequent reduction in noise as it is ro
tated. Backlash of the driving gears and
the rotor stack is quite small and is neg
ligible when the dial is rotated in one di
rection only.

Other specifications are identical with
those of TYPE 60S-A. Code words and
prices are unchanged.
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The TYPE 60S-A Standard-Signal Gen
erator* has reached this stage and will
now be known as TYPE 60S-B. Three
major changes have been made:

(1) A high-frequency band has been
added to cover frequencies between 30
Mc and SO Mc. This change, which has
been included in recently manufactured
TYPE 60S-A's, was made in response to a
wide customer demand for it. These fre
quencies, however, are outside the nor
mal design range of the instrument, and
neither frequency range nor output can
be guaranteed. The coil is added purely
as a convenience for those who have a
use for it. This range does not appear on
the band-change dial, but is obtained by
turning the switch to the position next
beyond Range G. A frequency calibra
tion for this range is included in the in
struction book.

(2) A second output jack has been
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REMODELING TYPE 605·A STANDARD·SIGNAL
GENERATORS

• TYPE 605-A STANDARD-SIG
NAL GENE RAT 0 RScan be converted
to TYPE 605-B at a price of $70.00. This
includes the addition of tbe new con
denser, gear drive, 50-megacycle coil,
and I-volt output jack. Each recondi
tioned generator is given a complete
laboratory test after the modifications
are made. If the I-volt output jack is
already installed, the price for adding
the other new features is $60.00.

These prices include replacement of
any parts (except vacuum tubes) which
have become defective in the normal
guarantee period of one year. Burned
out meters, attenuators, and other faults
which are the responsibility of the user
will be charged for at the usual rates.

Please communicate with our Service
Department before returning instru
ments for remodeling.

MISCELLANY

.TYPE 684-A MODULATED
oSCI L LATOR, described in this issue,
was designed by E. Karplus and A. G.
Bousquet. Several engineers collaborated
on the design of TYPE 449-A Adjust
able Attenuator, among them P. K.
McElroy, J. K. Clapp, and H. H. Hollis.

• I NTH E T H I RD annual Product
Design Contest conducted by "Electri
cal Manufacturing" magazine, Mr. Scott
was awarded a prize for his paper de
scribing the design of the TYPE 759-A
Sound-Level Meter. Five prizes, each of
equal merit, were awarded to the five out-

standing designs ofthe year. Mr. Scott's
article appeared in the October issue.

• AT THE RECENT CONVENTION
of the Society of Motion Picture En
gineers in New York City, Mr. H. H.
Scott delivered a paper entitled, "The
Sound-Level Meter in the Motion Pic
ture Industry."

• 0 N 0 CT 0 BER 7, Mr. A. E. Thiessen
of the Engineering Department spoke be
fore the student section of the A.I.E.E.
at Lehigh University. His subject was
"Direct-Reading Instruments."

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

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position of
individual.

RADIO COMPANY
CAM BRID GE A, MA SSAC HUSE TT S

OFFICE- 90 WEST STREET, NEW YORK CITY

GENERAL
30 STATE STREET

BRANCH ENGINEERING
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THE MEASUREMENT

OF MACHINE NOISE 6

• N0 I SEA ND ITS RED UCT ION are
reCeIVIng a rapidly increasing amount
of attention from industry. A more-than
ordinary interest in the subject has been
evident for some years, but, because the
available information was incomplete and
confusing, and because noise-measuring in-
struments were not standardized, industrial

noise measurements eldom got out of the research laboratory and
into the production department.

The adoption of the A. S. A. Standards,l covering terminology, methods,
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I See "American Tentative Standards for oise ~leasnrel1lent," Bulletin Z24.2-1936 and "American
Tentative Standards for Sound·Level Meters for ~1ea8urement or oise and Other Sounds," Bulletin
Z2l.3-1936, published by the American Standards Association.

FIG RE 1. The sound-level meter and vibration pickup were llsed very effectively in
locating, and minimizing the effect of, vibration in the machine shown here
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and instruments, resulted in several
standardized instruments being placed
on the market, all of which give iden
tical results in the majority of appli
cations. These standardized instruments
have made it possible to use the decibel
as a measure of sound level with the
same confidence that one uses the volt
and the ampere in measuring electrical
quantities. Consequently, industry can
now apply noise specifications and tests
to both design and production, and is
rapidly taking advantage of the oppor
tunity.

SURVEY
The General Radio TYPE 759-A

Sound-Level Meter, an accurate, port
able instrument which includes even the
optional features listed in the A. S. A.
Standards, found immediate accept
ance. A recently - completed survey2
shows this instrument in a'wide variety
of applications, many of which were not
contemplated when the instrument was
designed.

The results of this survey have been
classified and are summed up in the
chart shown on the opposite page.

By referring to the diagram, it will
be seen that the applications break
down into three major fields and the
percentage figures given represent the
present distribution of the General
Radio TYPE 759-A Sound-Level Meter.

1. The Appliance Field 35%
2. The Electrical and Acousti-

cal Field. . . . . . . . . . . . . . . .. 28%
3. The Industrial Field (which

requires the vibration and
sound analysis of heavy ma
chinery) . . . . . . . . . . . . . . . . .. 21%

'July 1. 1937.

It is interesting to note that sound sur
veys in buildings, streets, and plants,
the applications which one ordinarily
thinks of when a noise meter is men
tioned, are in the minority and involve
only 10% of the total number of in.
struments.

THE APPLIANCE FIELD

In the sale of household appliances,
noise is a factor which is becoming of in
creasing importance, and it is not sur
prising that sound-level meters are more
widely used in this industry than in any
other.

The appliance industry is made up of
manufacturers of such equipment as
fans, small motors, vacuum cleaners,
washing machines, oil burners, refrig
erators, clocks, and air conditioning
equipment. Since the market served is
highly competitive, the salesman finds
the sound-level meter invaluable as a
means of proving to his customers that
his products are superior. If, on the
other hand, he finds his products faulty
in this respect, it becomes the task of
the factory engineers to design and
produce quiet equipment.

The demand for convenient and accu
rate sound-measuring equipment comes
from three different sources: first, the
salesman; second, the research and de
velopment engineer; and third, the pro
duction department.

Since in this field the object is to reo
duce noise to the absolute minimum, the
sounds to be measured are of extremely
low intensity. Despite the difficulties of
measuring sounds that are practically
inaudible to the human ear, the General
Radio TYPE 759-A Sound-Level Meter
has been found entirely suitable for both
laboratory and production measure·
ments.
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FIGURE 2. This chart shows the distribution of General
Radio sound-level meters in various fields of application.

At the right are listed the main uses in each field

1. Comparing noise level of various suburban and residential
districts.

2. Measurement of office noises and efTectiveness of sound
installation.

3. Reducing noise of motor installations.
4. Study of office and plant noises and determination of ideal

working conditions.

I. Measurements of vibration in vacuum pumps.
2. Study of the efTect of muffiers on blower noises.
3. Measurement of noise produced by pneumatic drills.
4. EfTect of silencing devices.
5. leasurement of high-speed transmission noise and vibration

for both spur and helical gears.
6. Study of turret lathe noise.
7. Comparison of canvas and leather belt noise.
8. Study and elimination of noise in coil winding machines.
9. Production and experimental noise tests of both large and

srnall electric molors.
10. M easuremen t of tractor noises.
11. 'With automobiles and other machinery for studying the

elTect of difTerent fuels, cooling systems, manifolding,
mufflers, and transmission gcars.

12. Design of acoustic engine hoods.
13. Noise in automobile bodies.

Sound and vibration analysis of air conditioning equipment.
Routine noise tests on new air conditioning inslallmenl.
For making noise studies and comparing equipment so that

Doise standards can be sel Up. governing air conditioning
equipment. waler pumps. rerrigcralors. oil burners, clocks,
cream separators, horns. bells, and washing Inachines. fans,
and other appliances.

Measurement and elimination of noise in postage stamp
equipmenl melers.

Production testing of grindinll wheels.
Location of steam leaks.
Study of vibrations of aircraft fuselage, wing structures, and

propellers.

Frequency analysis and measurement of sound pallerns of
foghorns and other signaling devices.

Measuring efTecliveness of sound insulating material used
in ships, automobiles, buildings, and aircraft cabins.

Intcnsity measurements and frequency analysis of aircraft
noises both in flight and on ground.

Sound absorption nleasuremcnls.
Electronic tnusical instrument research.
The efTect of various treatments in deadening mechanical

vibration.
Studying bank vault noises in order to determine standards

governing burglar alarm systems.
Study of insulation values of various types of Ooor treat

ments for the reduction of impact noise.
For the measurement of sound distribution pallerns and for

frequency analysis in theaters, auditoriums, and other
public address installations.

Measurement of noise level produced by movie projectors.
Frequency response for speaker com binations, radio re

ceivers, and phonographs.
Susceptibility of radio to inductive interference and selling

limits and standards.
Measurement of noise at loudspeaker of radio receivers or

phonographs caused by hum and mechanical vibration 
and detcrrninalion of signal-lo-noise ratio.

Measurement of reverberation time.

1.

2.

Z8% 3.

4.
5.
6.

9.

lO.
Il.

12.

13.

14.

.35% 1.
2.
?
V.

4.

2/%

T
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THE ACOUSTICAL AND ELECTRO·
ACOUSTICAL FIELDS

In acoustics, the sound-level meter is
used mainly for experiment and re
search. Phonograph noises, however, are
measured as a production test. The radio
manufacturers are using the instrument
for checking the frequency response of
loudspeakers, for measuring background
and internal noises of radios, and for
checking the susceptibility of receivers
to inductive interference. Acoustical en
gineers are using the sound-level meter
for checking frequency response and ob
taining sound distribution patterns in
theaters,3 auditoriums, and out-of-door
sound equipment installations. In the
research laboratory the instrument is
being used for the study of various types
of sound-absorbing materials and de
termining their effectiveness in reducing
sound and vibration in automobiles,
buildings, ships, and aircraft cabins.

THE VIBRATION AND SOUND
ANALYSIS OF HEAVY

MACHINERY
The use of the sound-level meter by

manufacturers of heavy machinery such
I H. H. COlt and L. E. Packard/'The Sound-Level Meter in
the Motion Picture Industry,U p['esented at the Fall Con
vention of the Society of :a.fotion Picture Engineers,
October, 1937. Tbjs paper will be puhlished in a forthcom
ing issue of the Journal of the Society of Motion Picture
Engineers.

as aircraft motors, automobiles, marine
Diesel motors, turbines, lathes, and other
machine tools is the third major field for
this instrument. The automobile and air
craft manufacturers were perhaps the
first to recognize its importance and, as
a result of sound studies, the noise factor
has become one of their strongest selling
and advertising points.

In many factories the size of the equip
ment to be tested requires that tests be
conducted in large assembly and experi
mental rooms where the extraneous noise
level is too high to permit accurate sound
measurements. It is then necessary to
resort to vibration rather than sound
studies. The use of a vibration-sensi
tive element with the sound-level meter
offers a satisfactory solution to this
difficulty since vibration pickups are,
in general, sensitive only to vibrations
produced at the point under test, and
errors produced by background noises
become negligible. Since the vibration
pickup localizes the measurement to
one point, it becomes possible, when
making tests on heavy machinery such
as aircraft motors, Diesel motors, and
the like, to measure vibration at such
points as bearings, cylinders, gears,
etc., and from these localized tests a
complete vibration pattern of any ma
chine can be obtained. With this infor
mation, points of maximum strain and
points at which the maximum of noise
occurs can be easily located.

After locating the vibration that is
causing the objectionable sound, it is
often necessary to locate the source of
the vibration, which is, in many in
stances, in some part of the machine
other than the part producing the ob
jectionable noise. Since every part in a
machine has a certain definite mass and

FIG RE 3. Measuring the acoustical properties
of a motion picture theater with the sound

level meter
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period of vibration, resonant vibrations
can occur, and tbe cause of these resonant
vibrations cannot be located by a simple
vibration amplitude analysis. To cope
with this problem, industrial engineers
have found it desirable in studying the
machine to determine both the ampli
tude and the frequency of each com
ponent of the complex vibration.4 With
this complete frequency and amplitude
information, and knowing the speeds of
the various parts of the machinery, the
engineer is equipped with the necessary
information for locating the ultimate
source of the undesirable frequency and,
hence, for bringing about its elimination.

SOUND SURVEYS AND NOISE
ELIMINATION IN FACTORIES,

OFFICES, ETC.

The acoustical engineer in his daily
work is confronted with problems of
sound insulation and reduction, and vi
bration elimination in buildings, offices,
factories, and homes. Although basic
formulae which check to a remarkable
degree of precision are available for cal
culating the effectiveness of various
sound insulating materials, no practical
check on the results of acoustical treat
ment or sound insulation can be had
without the use of accurate sound-meas
uring equipment. The modern acoustical
engineer is not satisfied in simply trying
to reduce existing noise conditions in of
fices, plants, and homes, but is trying, by
the use of sound-measuring and vibra
tion-measuring equipment, to locate the
source of the objectionable noise or vi
bration and to eliminate the cause rather
than its effect.

'Discussion of the TYPE 759-A Sound-Level Meter used
with the TYPE 636~A Wave Analyzer and Vibration Pickup,
pages 15 and 16 of Bulletin 20, entitled uThe Technique of
Noise 1"leaaurement," published by the General Radio
Company_

FIGURE 4. The washing machine is only one
of the many home appliances which the sound

level meter has helped to make quieter

As was mentioned above in the dis
cussion of sound measurements with
heavy machinery, the scientific method
of coping with noise and vibration prob
lems is to analyze the situation, deter
mining (1) the source of the noise, (2)
the method of transmission, and (3) the
manner in which the objectionable noise
is excited. Having this information, a
systematic procedure can be adopted for
bringing about noise elimination. In
many cases it has been found to be more
economical to eliminate the noise at its
source rather than at the point where it
has been found bothersome; in others,
the transmission medium has been
changed; and, in still others, because of
economic reasons, it has been found de
sirable simply to reduce the noise where
it occurs. In anyone case, however, to
deal with the problem in the most eco
nomical manner, and to give the custom
er complete satisfaction, a complete sur
vey must be made.

The uses of the sound-level meter
to the acoustical engineer are (1) to
obtain the information necessary to
deal with the problem and (2) to dem
onstrate to the client the effectiveness of
the treatment installed.
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THE GENERAL RADIO
TYPE 759-A SOUND·

LEVEL METER
The General Radio Company has

taken extreme care, in the design and
construction of its new TYPE 759-A
Sound-Level Meter,S to insure its ability
to meet all present and future demands
so that it can be considered a basic
sound-measuring instrument. The ac
ceptance of the instrument by industry
has proved that it is a basic instrument
and that its features have met with wide
approval. It furnishes instantly readings
of sound intensity directly in decibels
over a range of from 24 to 130 decibels,
and, because of its three frequency
weighting networks, its readings are
indicative of the noise actually heard by

I For a description of the TYPE 759-A Sound-Level Meter,
see Bulletin 20 and otber publications of the General Radio
Company.

the human ear. Two features which are
probably the keynote to its success are
its portability and its simplicity of op
eration. Weighing but 2372 pounds and
being small in size, it is easily carried to
the point of application, and it is so
simple that it can be operated by any
untrained employee.

With the wide use and acceptance of
sound-measuring instruments, there is
an increasing demand in industry for a
definite standardized procedure for mak
ing sound measurements and it is prob
able that within the near future this will
be made available. The development of
the new standards is but the first step
in a series of definite specifications cover
ing sound measurements. The TYPE
759-A Sound-Level Meter, being de
signed to meet all of the requirements of
the fundamental specifications, can be
expected to take care of any future de
mands. -L. E. PACKARD

CORRECTIONS IN THE
OF MACHINE NOISE

BACKGROUND NOISE
MEASUREMENT

• IN MAN Y P LAN T S soundproof
rooms are either not available or not
practical, and it is found necessary to
make sound measurements under exist
ing noise conditions. It is always advis
able to reduce the level of extraneous
noise as much as possible, but satisfac
tory sound measurements can usually be
made, even under adverse conditions.
Separate measurements are made of the
background noise alone and the back
ground plus the unknown noise. The dif
ference of these readings is then taken
and, from the chart of Figure 1, the cor
rection in db for the background noise is
determined. This correction is sub
tracted from the db reading obtained in
the second measurement to obtain the
level of the unknown noise.

Assume, for instance, that the prob-

lem is to measure the noise produced by
a machine mounted in an assembly room
or test room where an appreciable back
ground noise level is present. The sound
level meter is placed in the desired test
position, and a measurement is made of
the general background noise without
the machine running. An average meas
urement of the background noise in db
will be sufficient although, if a widely
fluctuating noise is present, it is often
desirable to note the peak readings. As
an example, let this reading be 72 db.
The machine under test is then set in op
eration and, when it is operating at the
desired conditions of load and speed, a
second measurement is made of the total
noise level. Let the result of this
measurement be, say, 78 db. The dif
ference between these two readings is



7 EXPERIMENTER

tion

then 6 db. Entering the chart of
Figure 1 at 6 db, along the horizontal
axis, we find the correction to be 1.25 db.
This subtracted from the sound read
ing of 78 db gives a result of 76.75 db
which is the true noise level of the ma
chine itself.

To obtain this correction it IS as
sumed that the power in the back
ground noise and the power in the meas
ured sound are added arithmetically by
the sound-level meter. From the rela-

P2
db = 10 10glO PI'

the power ratio corresponding to t~e

6 db difference is found to be 3.981. ThIs
means that the total noise is 3.981 times
the background. The desired noise and
the total noise level are therefore in the

ratio of 3.981 - 1 or .75, which cor
3.981

responds to 1.25 db. The actual noise be
ing measured is then 1.25 db lower than
the reading of the sound-level meter.*

If actual sound-power levels corre
sponding to the db readings are desired,
these can be calculated from the ex
pression given above. An easier method
is to refer to a set of decibel tables such
as those published on pages 162 to 167
of the General Radio Company's Cata
log J. A reading of 72 db, for instance,
corresponds to a power ratio of 1.585 X
107• Since the reference level (corre
sponding to zero db) is 10-16 watts per
square centimeter, sound-power level for
72 db is 1.585 X 10-9 watts per square
centimeter. -L. E. PACKARD

*A general expression Cor which the curve of FlGUBR 1 can
be calculated is
Error db = 72 [d - 20 )og" (2 sinh { O.USI d I») .
where d is the difference in decibels between the two readings.

7

2 3 4 5
DB DIFFERENCE BETWEEN TOTAL NOISE AND BACKGROUND ALONE

FIGURE 1. Background noise correction for sound-level measurements
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MISCELLANY

MR. SMITH GOES TO HOLLYWOOD

To 988 General Radio customers on
the Pacific Coast went, last month,
cards announcing the openillg of a Los
Angeles engineering and sales office on
December 1. Mr. Myron T. Smith, who
takes over the new office, will be avail
able for consultation concerning the
application of General Radio instru
ments.

Mr. Smith has been in charge of our
New York office since its establishment
several years ago. Prior to that time he

was a member of the factory engineer
ing staff, coming to us shortly after grad
uation from the Massachusetts Institute
of Technology with the Class of 1930.

In addition to engineering service, a
stock of laboratory instruments and
parts will be maintained in order to
facilitate the prompt handling of orders
in this area.

The address of the new office is
1000 North Seward Street, Los Angeles,
and the telephone is Hollywood 6321.

MR. IRELAND TO NEW YORK

With the departure of Mr. Smith for the
West Coast, Mr. Frederick Ireland takes
charge of the New York office. Mr.
Ireland has been a member of our en
gineering staff for several years, coming
to us from Harvard University, where

he was a member of the Class of 1933.
Having spent a considerable amount of
time at the New York office in the last
few years, he is already well known to
General Radio customers in the New
York district.

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

communication-frequency measurement and control probleJns. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position oj
individual.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA


