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®@ AFOURTH STAR for our “E”” ban-
ner, marking the fifth Army-Navy Pro-
duction Award, was granted to the
General Radio Company on December
23, 1944. We are proud of this recognition
of our eflorts, and it gives us pleasure to
be one of the few in the electronic industry
that have received the award for the fifth
time.

The production of precision electronic
test equipment is a highly specialized
business. Test equipment is produced in

a wide variety of designs for its many uses, but only in relatively small

quantities of each.

War requirements have increased the demand for our test equip-
ment many-fold. We were faced with the problem not of conversion to

war materials production, but of increasing peacetime volume suf-
ficiently to meet the demands of war. However, even the requirements
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for war are usually not suflicient to
permit mass-production methods. There-
fore, other means of expansion had to
be found.

The maintenance of quality and pre-
cision regardless of quantity is a primary
consideration. These can only be effec-
tively maintained by close supervision
of the final manulacturing operations,
including final assembly. calibration, and
test. To assure this at General Radio we
have kept these operations under our
own roof., where both the best facilities
and the most experienced personnel are
available.

A large part of the other manufactur-
ing operations have been subcontracted.
For instance., several excellent machine
shops have been located. where many of
the are
done. Although these shops were not

machining operations being
previously familiar with the type of
work which we require, a group of our
highly skilled representatives circulate
among them to assist them in following
our specifications and requirements.
Across the street from our main factory
is lecated the plant of one of the largest
candy manufacturers in New England.
Owing to wartime restrictions, this
thoroughly modern plant found it neces-
sary to curtail operations. Taking ad-
vantage ol the opportunity thus af-
forded, we arranged to start them in as
a major subcontractor. and an entire
floor of the candy factory
verted to the production of electronic

components. Personnel skilled in candy

was cCoIl-

making were taught.and uickly learned,
the techniques of electronic component
production. This one
arrangement alone provided a most effi-

subcontracting

cient source of supply of vital compo-
nents which would otherwise have been
a serious bottleneck.

Many other processes that were

GENERAL RADIO EXPERIMENTER

originally performed here were also sent
out to other plants which had available
the facilities and skills to perform them.
This extensive use of subcontracting
freed a sizable portion of our main
factory for concentration on the final
production operations which are so crit-
ical in the maintenance of quality.

The necessary expansion of the Cali-
bration and Test Laboratory entailed
difficulties, because the
procedures are mnecessarily complicated
and can only be undertaken by very
well-trained able To
meet this need, training classes were

most serious

and personnel.

started for groups of female employees.
The

radio were taught, and the theory and

fundamentals of electricity and
measurements
were gone into as far as time permitted.

Occasionally the demand for a partic-

practice of electronic

ular instrument has exceeded the capac-
ity of our expanded facilities. In these
have turned over to other
firms complete designs, drawings, and
use. No
royalties or license fees were charged.

cases we

models {for their exclusive

In common with every other elec-
tronic producer, we were and are faced
with the problem of the continual sub-
stitution of materials and components.
Some of the substitutions of materials,
for instance, were carried on to the filth
degree. In components also, new sources
of supply are continually being in-
vestigated to insure a smooth flow of
these vital elements.

The Army-Navy

recognition of production achievement.

“E award 1s a
Another achievement of which we are
proud is the substantial contribution
that our Engineering Department has
been able to make to the prosecution of
the war by development work on secret
war projects that the General Radio
Company has undertaken. Still another

Copyright, 1945, General Radio Company, Cambridge, Mass., U. S. A.
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is the large amount of consulting engi-
neering service that has been given the
Armed Services on problems where our
experience could be helpful. Many
thousands of hours of highly skilled

GET YOUR OR
FOR POSTWA

®@ YOU ARE UNDOUBTEDLY GIV-
I N G consideration to the replacement of
some of the old test equipment in your
postwar plant withnew and modern de-
signs as soon as theybecome available for
civilian use. A monitor for the broadcast
station, a standard-signal generator for
the receiver laboratory, and a new vac-
uum-tube voltmeter for general test pur-
poses may be among the possibilities.

A plan for accepting orders without
priority rating now for delivery later
when war conditions permit has been in
operation for some time. A brief men-
tion of this “‘reservation-order” plan
was made iIn last month’s issue of the
General Radio FExperimenter. Under the
plan we shall be glad to receive your
reservation-order for new equipment of
the latest design for delivery to you as
soon as conditions permit.

Our reservation-order plan is very
simple. Send us your order on your
regular order form marked ‘““Reserva-
tion-order — for delivery later.” We
will fill these orders chronologically by
the We
guarantee that these reservation-orders
will receive first attention as soon as the
priority restrictions are lifted, that the
latest design of equipment will be used
to fill them, and that no other orders
will be filled until all of the reservation-
orders are taken care of. No deposit or
guarantee is required.

Because you may change your mind

date that we receive them.

JANUARY - FEBRUARY, 1845

engineering service have been devoted
to the solution of the specialized prob-
lems of this technical war. Our hope is
that we have contributed our best
toward an early victory.

DER IN NO W
R DELIVERY

before shipment can be made, or because
we may find that for some reason we
will not be in a position to supply the
particular called for,
reservation-orders may be cancelled by
either of us up to sixty days before ship-
ment would be made. We will, of course,
advise you in time of the estimated
shipping date and will then supply you
with complete specifications and price.

Although no public announcement of
this reservation-order plan has been
made until recently, it is already very
popular, and a substantial number of
orders have been received.

Our Engineering Department has
been fully occupied with research and
development for war purposes. Out of
these developments are emerging plans
and designs for greatly improved post-
war products. We expect to have new
designs available to supersede a num-
ber of the instruments listed in our last
general catalog of 1939. These new
products will embody the important
developments and advances that have
been made during the war years. For
the purpose of reservation, however,
your order may make reference to the
now current type numbers or names.

The requirements for the Armed Serv-
ices come first. When the war job is
done, we will convert to the production
of the most modern designs of precision

material these

test equipment for the civilian market.
Reservation-orders will come first.
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CORRECTIONS FOR RESIDUAL

GENERAL RADIO EXPERIMENTER 4

IMPEDANCES

IN THE TWIN-T

® WHEN MEASUREMENTS ARE
M ADE near the upper frequency limit
of the TyreE 821-A Twin-T Impedance
Measuring Network, it becomes neces-
sary to correct the observed results for
the effects of certain undesired
pedances thatexist within the measuring
circuit. 'the only internal impedances
that give rise to significant errors are the
residual inductance and resistance of the
precision condenser across which the
substitution measurement is made. All
other impedances in wiring or circuit
components have been reduced to
negligible values or else do not affect

1m-

the measurement, because of the sub-
stitution method employed.

In the approximate equivalent circuit
(Figure 1) of the precision condenser
are shown the relative locations of the
important residual impedances. Average
values are as follows:

Le = 6.1 X 10—°h

Rc = 0.026 Q at 30 Mc
L’ =315 X 10— h

L’ =68 X10"°h

wwWWwW.americanradiohistorv.com

These values are all essentially inde-
pendent of the setting of the condenser
and, with the exception of the resistance
Rc, are independent of frequency. The
latter varies directly as the square root
of the frequency, inasmuch as skin-effect
is complete at frequencies where R¢ can
have any significant effect on measure-
ments.

The errors introduced are, in general,
proportional to the square of the {re-
quency, to the magnitude of the suscep-
tive component of the admittance being
measured, and to the initial setting of
the precision condenser. Because of this
latter fact, the initial setting should
always be as low as possible.

Nature of Errors

The four residual impedances listed
above introduce several correction fac-
tors which must be applied to the ob-
served readings to determine the true
value of the unknown admittance Yx =
Gx + jBx. The complete approximate
expressions that include all terms signifi-
cant at any frequency within the oper-
ating range of the instrument are

By = w(Ce, ’C’ez) (1)
1 + wl/B'x
G'’'(1 — w?L"C,)?
+R.wB'x(C,, + C.,) 9
(l + wL’le)Z ( )
In these equations the symbols that
appear are identified in Figure 1 and as
below.

C., and C, are the effective capaci-
tances between the point b’ (Figure 1)
and ground, for the two settings of the
precision condenser. They differ from
the direct-reading static values of ca-

Gx =

Ficure 1. Equivalent circuit of the precision
condenser used in TyPE 821-A Twin-T, showing
the location of residual impedances.
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pacitance because of the inductance L,
in accordance with the expression

€ C
Yy = —————— = — 3
( 1 -_ Q)?LGC (84 ( )
where « is defined as 1 — w?L.C and C

is the reading of the precision condenser.
The quantity B’x is the effective sus-
ceptance difference between the two
settings and is equal to
B'x = w(C, — C,) (4)
The quantity G’’ is the apparent con-
ductance as determined directly from
the dial readings.?

Correction for Errors

Although the above expressions are
formidable, the calculations involved
can be reduced considerably by the use
of charts, together with a systematic
tabular form of calculation. In the fol-
lowing, the expressions for Gx and Bx
are rewritten in forms that lend them-
selves readily to comparatively rapid
evaluation, using the charts presented.

Designating the admittances at the
points b” and b’ by a corresponding sys-
tem of primed notation, and identifying
the various correction factors by suit-
able symbols, we may write

Bl

Bx = — (3)
Y .
GI

Cx = — (6)
W

The quantity v = 1 4+ wL’B’x is the
correction factor introduced by the in-
ductance L’, which is effectively in series
with the unknown admittance.?

In turn, the quantities B’x and G'x
are related to the observed quantities by

1The conductance dial reads directly in pmho at 1, 3, 10,
and 30 megacycles. At all other frequencies the reading
must be multiplied by the square of the ratio of the operat-
ing frequency to the nominal frequency for the particular
switch setting used.

2 I’ is also in series with the inductance of any external lead
that may be used to connect the unknown to the instru-
ment. It is shown later that, because of this fact,t he chart
for the L’ correction may also be used to correct for lead
inductance.

Ficure 3. Chart No. 2 for determining the
quantity 6§ which is used to calculate the
correction term AG.
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Ficurge2. Chart No. | for determining the quan-
tity <. To facilitate reading the chart at low
values of capacitance, the portion below 200 uuf
is expanded and plotted below the main chart.

B oG =) )
GC'x = G'"B + Ag (8)
G”, C,, and C,, have been previously
identified. The factor 8 = (1 —w?L"’C,,)?
is the correction introduced by L’'. The
quantity Ag is the correction introduced
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Ficure 4. The correction factor 8 is deter-

mined from Chart No. 3, shown here. Full-size

reproductions of these charts are available to

users of the Twin-T upon request to the General
Radio Company.

by the resistance R¢ and is given by
Ag = RCOJ.B’X(Cgl —+ Ce,) (9)
= éB'x(C,, + C.)

CAPACITIVE

The charts give the quantities «, 8, v
and 6, using the average values of the
residual impedances as previously given.

In terms of the quantities «, 3, v, and
8, expressions 1 and 2 become

(&-9)
By = o e Bz hia)
0% ¥
and
C C.
G'8 + éB'x ([ —+ _2>
GX = ay (6 5] Z(a)

,.Yz

The chartsare plotted inunitscorrespond-
ing to the dial calibrations (megacycles,
micromhos, and micromicrofarads) so
that no conversion factors need be used.

The data sheet of Figure 8 tabulates
the various quantities involved, in the
sequence they are used in arriving at the
final answer. The use of a data sheet of
this kind, in connection with the charts,
reduces the amount of calculation re-
quired, greatly minimizes the chances of
error, and provides a permanent and
orderly record.

Numerical Examples

Several actual calculations are shown
in the table, for different unknown ad-
mittances and at several frequencies.
The observed data for these examples
were as follows:

f G & G"
No.1 30 Mec 100.0 3881 300
No.2 30 Me 250.0 151.5 55
No.3 25Mec 100.0 139.8  62.5
No.4 30 Mec  100.0 110.0 1000
No.5 10 Mc 1000.0 442.4 80

Corrections for External Lead

The result obtained by the method
described gives the conductance and

Ficurg 5. Chart No. 4, for determining ~, is

given in 3 parts. Chart No. 4A, shown here, is

used for positive susceptances, corresponding
to capacitive unknowns.

~
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susceptance of the admittance at the ter-
minals of the Twin-T. In many cases, of
course, the admittance to be measured
cannot be brought directly to these
terminals and an external lead must be
used. Such a lead will in itself introduce
correction factors which may under cer-
tain circumstances easily exceed those
produced by the internal impedances,
even if care is taken to make the lead as
short as possible.

The capacitance to ground of the
ternal lead introduces no error if
initial balance is established with
leads in place but disconnected at
unknown.?

ex-
the
the
the
The inductance of the lead
(L:) causes the observed admittance to
differ from the true admittance. Since
the lead inductance is in series with the
internal inductance L’, it is apparent
that the correction introduced by L; is
identical in form with that introduced
by L’. The correction for the series in-
ductance depends, for a given B’x, on
the reactance of the series inductance.
Accordingly, the corrections introduced
by the sum of L’ and L; will be equal to
the corrections that would be produced
by L’ alone at some higher frequency, f.

3 This point is discussed on page 13 of the instruction book
for the T'yre 821-A Twin-T Impedance-Measuring Circuit.

JANUARY - FEBRUARY, 1945
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i
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n

I'tecure 6. For negative susceptances (induc-
tive) Chart No. 4B, above, is used.

That 1is,

(4B ao
where f’ is the [requency at which the
correction factor given by Chart No. 4
(for L’ alone) equals the total correction
for L’ 4+ L; at the actual frequency of
measurement (f). Thus the correction

LO7+
Ficurg 7. Chart No. CHART L
4C shows expanded B 105
the crowded portions 2104
of Charts 4A and 4B. 3 ok
FFor use in determin- = o
ing lead corrections aGua T _
(see text) a much -B'x MICROMHOS (MULTIPLY BY I0%) 1O}
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Ficure 8. Typical data sheet for tabulating the correction factors

and facilitating calculations.

for L’ and L; can be made simultane-
ously by entering Figure 4 with the fre-
quency f' as determined by Equation
(10). Alternatively, the combined cor-
rection can be determined from Chart
No. 4, using the operating frequency but
using a value of B determined by multi-
plying the actual B’x by 1 4+ L;/L’.

The value of L, can be estimated fairly
well by calculation or can be measured
by a method described in the instruction
book (page 13).

Although the magnitudes ot the resid-
ual parameters used In preparing the
charts are average values, the charts can
also be used with values as measured on
any particular instrument by using
methods similar to that described above
for lead inductance. Ordinarily, how-
ever, the use of the average corrections

THE GENERAL RADIO

® MODERN ELECTRONIC MEAS-
UREMENTS often involve the use of
square waves or pulses. IFor tests in-
volving rise and decay time, band width
or transient characteristics, a steep
wavefront is necessary.

Square waves and pulses are essen-
tially the same thing. However, in com-

rather than those measured on any
particular instrument will produce no
significant error in the result.

The charts and data sheets repro-
duced here are available in limited
quantities without charge to users of the
Type 821-A Twin-T Impedance Meas-
uring Network. A set of charts and a
quantity of data sheets will be sent
promptly upon receipt of the serial
number of the instrument with which
they are to be used.

—Ivan ;. KAsTON

ACKNOWLEDGMENT The use of charts for
determining corrections on the Twin-T was
originally suggested by Mr. Dwight Blanchard,
of the Standards Laboratory, Sperry Gyroscope
Company, who prepared a set of charts for his
own use.

The charts shown here differ slightly from
those used by Mr. Blanchard, but are an out-
growth of his work.

PULSE GENERATOR

mon usage the terms are generally used
to differentiate between rectangular
waveforms having respectively sym-
metrical and nonsymmetrical positive
and negative portions.

In many types of work with square
waves, it is necessary that the waveform
be symmetrical. That is, that the posi-

www americanradiohistorv com
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tive and negative portions of the cycle
be equal in time duration. Thisisparticu-
larly desirable in testing audio-frequency
amplifiers or other similar devices in
which continued application of a non-
symmetrical waveform will cause a shift
in automatic bias circuits. On the other
hand, for testing circuits such as those
used in various types of timing and
ranging equipment, extremely short
pulses are preferable so that the square
waveform may actually have the nega-
tive portions of the cycle 1000 times as
long as the positive portions, or vice
versa.

With a symmetrical square wave the
average voltage is midway between the
positive and negative peaks. With a
pulse wave, on the other hand, the aver-
age voltage approaches that of the
longer of the two peaks, so that the wave
becomes in effect a series of pulses, posi-
tive or negative as the case may be. This
is shown in Figure 2. It is particularly
desirable in many tests to modulate a
standard-signal generator with this type
of waveform, thus providing an output
which consists of a series of relatively

Ficure 1.

JANUARY - FEBRUARY, 1945

short pulses of radio frequency timed
accurately and with practically com-
plete cutoff of the radio-frequency signal
between pulses.

The General Radio TypE 869-A Pulse
Generator has been developed particu-
larly for these applications. While this
instrument has in the past been manu-
factured only for a few special applica-
tions, it 1s now available in suflicient
quantities to be added to the regular
General Radio line of laboratory equip-
ment.

The pulse circuit itself is of standard
design, comprising two thyratrons, one
of which turns the pulse on, while
the other turns it off. Pulse length is
adjustable from 0.3 to 70 microseconds
by means of an adjustable time delay
circuit which controls the second thyra-
tron. An approximate calibration is
provided on the panel so that the
instrument is direct-reading in pulse
length for most practical applications.

The pulse rate may be varied be-
tween 20 and 4000 per second and is
controlled by synchronization from an
external source, which may be a part

View of the TYPE 869-A Pulse Generator, showing panel and controls.

www.americanradiohistorv.com
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SR 5

Ficure 2. (above) Square Wave and
(helow) Pulse Wave.

of the equipment under test or a stand-
ard audio-frequency oscillator. The only
restriction in this frequency range is
that pulse lengths above 10 micro-
seconds cannot be used at rates above
1000 cycles because of the deionization
time in the thyratrons themselves.

The pulses are essentially flat-topped
with an effective rise time of 0.1 micro-
second for pulse lengths below 10 micro-
seconds. IFor longer pulses the rise time
is always less than 109 of the pulse
width.

While the pulsing circuit itself is fairly
conventional, certain circuit refinements
have been added to improve the life of
the thyratronsand to provide completely
independent controls for pulse ampli-
tude, length, and rate. The pulse length
is independent of the load connected to
the generator. A synchronizing amplifier
of the limiting-differentiating type is
included to provide highly accurate

GENERAL RADIO EXPERIMENTER 10

timing of the pulses, even when they are
controlled from a low-amplitude sine
wave. The outpult of this amplifier is also
available for triggering a cathode-ray
oscilloscope, thus providing a high de-
gree of synchronization in the pattern
on tLhe screen. This is a particularly
important feature for most pulsing tests,
since any error in the timing of the
pulses must be small compared to the
rise time, or an unsteady pattern will be
produced upon the oscilloscope screen,
thus completely obscuring those very
details which it is most desirable to
observe. Phasing controls are provided
to adjust the position of the pattern on
the screen. An oscilloscope for use with
this pulse generator should of course be
of the triggered-sweep variety.

The pulse generator was originally de-
signed for modulating various General
Radio signal generators which were in
use in the field and which had been
modified to allow pulse modulation. Tt
is, of course, also suitable for pulsing
various radio-frequency oscillators that
have been designed for the purpose.

The includes a phase-
inverting output providing
either positive or negative pulses at
various impedance levels, as shown in
Table I. For best pulse shape, the low-
est possible output impedance should be
used. The instrument is completely
shielded and provided with a shielded

Instrument
amplifier

TABLE 1|
PEAK OUTPUT VOLTS—OPEN CIRCUIT
Pulse Polarity
Output Positive Negative Operating
Setting frequency*
20 K@ 1000 @ 500 €2 100 @ 100 @ 500 @ 1000 @ | 20 KQ
Range A 90 80 70 20 18 80 150 300 300 —
Range B 100 90 80 20 18 90 170 300 500 —
Range C 100 80 80 20 18 90 180 300 500 —

*For other operating frequenciee, the veltages will be approximately within 2@ %, of the values given above. In general,

the open circuit output voltage will tend to decrease as the pulse width and operating frequency increase.

www americanradiohistorv com
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"

cable for connection to a signal gener-
ater, thus permitting operation of the
signal generator at low carrier output

levels without interference Irom the

pulse generator. The pulse generator is

SPECIFI

Repetition Rate: 20 to 4000 cycles. Pulses
longer than 10 microseconds are limited to a
maximum frequency of 1000 cycles.

Input Voltage: Between 5-10 volts are re-
quired for normal control. For improved sta-
bility at the lowest frequencies, this may be
increased to a maximum of 30 volts.

Input Voltage Waveform:Thisis not criti-
cal, and may vary from a sine wave to a tri-
angular wave. Care must be taken, however. to
keep this signal reasonably free from power
supply hum voltage.

Synchronizing Output:Aclippedsine wave
appears across the synchronizing output ter-
minals of approximately —160 and —+50 peak
volts. This may be used to control the high-
speed sweep circuit of an oscillograph, that has
been provided with suitable triggering ampli-
fiers.

Phasing Controls: Panel controls are pro-
vided to permit adjustable phasing of the out-
put pulse, with respect to the voltage obtained
at the synchronizing output terminals, over a
limited range.

Pulse Width: The output pulse is continu-
ously adjustable over three ranges. These are
0.3-3.0, 3-10, and 10-70 microseconds, re-
spectively. The calibration of these controls is
approximately correct over the entire frequency
range.

Pulse Amplitude Control: A panel control
permits the pulse amplitude to be adjusted
from zero to maximum, with a negligible effect
upon the pulse waveform.

Pulse Waveform: The pulse is essentially
flat-topped, and has an effective rise time of 0.1
microsecond for pulse widths less than 10
microseconds. For longer pulses, the rise time
is less than 1097 of the pulse width.

Output Selector: A panel switch permits
any one of fonr impedances to be inserted in the
output amplifier, and also provides either posi-
tive or negative pulses.

Tvpe

JANUARY - FEBRUARY, 1945

adapted for making a wide variety of
laboratory tests where steep wavefronts
are required.

— 1. . Scorr
C. A. Capy

CATIONS

Output Amplitude: See Table I.
Effective Output Impedances:

Positive

Impedance. |

Setting 20 KQ | 1000 @ | 500 £ | 100 @

Output

Impedance 350 @ 350 @ | 350 @ 100 Q
Negative

Fmpedance

Setlillg 100 500 @ 1000 2 | 20 KQ

Output

Impedance 120 @ | 350 @2 950 2 [11,000

I'hese values are approximate, and will change
with the load applied, due to the limiting action
of the output amplifier.

Pawer Supply: Either 115 or 230 volts, 50-60
cycles may be used. A variation of -=109} in the
supply voltage will cause a minor variation in
the output pulse amplitude, and will generally
tend to change the pulse width. For optimum
performance, operation at the 115- or 230-volt
value is recommended. Power input is 60 watts.

Accessories Required: To drive the gener-
ator an a-c source is needed. The General Radio
Tyre 913-B Beat-Frequency Oscillator is
recommended.

Accessories Supplied: A seven-foot line
connector cord, two TypPE 274-M Plugs, one
Tyre 774-R2 Patch Cord, spare fuses, and pilot
lamps are supplied.

Tubes Supplied with Instrument:

2 —Typre 6HO6 2 —TvyprE 881
1—Tyee 6ACT 1—TyprE 6SC7

1 —Tyre 6X5 I —TyrPE 6Z2Y5C

1 —"Tyre VR-150-30 1 —"TypreE VR-105-30

Mounting: Metal cabinet.

Dimensions: {(Length) 19 x (height) 934 x
(depth) 121% inches, overall.

Net Weight: 3814 pounds.

Code Word Price

869-A

Pulse Generator . ... .. ...

I OLIVE $260.00

www.americanradiohistorv.com
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WHEN YOU TELEPHONE

With thousands of orders continu-
ously in process, it takes time to check
up on the details of any one order. To
answer questions about orders already
placed, we must have (1) order number,
(2) date of order, and (3) list of material
ordered.

For Information On

Delivery of orders already placed for catalog items
Placing and delivery of orders for component parts

Credit

Prices and delivery of equipment not yet ordered .

The handling of telephone requests for
information will be greatly facilitated if
you ask for the person who is likely to be
best informed on the matter about
which you call. Use the following list as
a guide, but when in doubt, ask our
operators.

Technical information on use of General Radio

equipment . . . . . .

Maintenance and Repair of General Radio

equipment

Call Extension
H. P. Hokanson 241
P. G. Richmond 262
C. E. Hills, Jr. 240
M. T. Smith 331
. 1. G. Easton 332
JH. . Dawes 261
. . . K. Adams 260

Our telephone number is
TROwbridge 4400 (Boston)

HE Ceneral Radio EXPERIMENTER is mailed without charge each month
to engineers, scientists, technicians, and others interested in cormmuni-

cation-frequency measurement and control problems.

W hen

sending

requests for subscriptions and address-change notices, please supply the
Jollowing information: name, company address, type of business company
is enngaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39
TELEPHONE:

MASSACHUSETTS

TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK
90 WEST STREET
TEL.—CORTLANDT 7-0850

s

L'0OS ANGELES 38,

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE
TEL.—WABASH 3820

CALIFORNIA

1000 NORTH SEWARD STREET
TEL.—HOLLYWOOD 6321
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