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ABOUT THIS ISSUE

General Radio owes its name to the glory that was "radio” back in 1915,
when the Cornpuny was founded. Now, with "radio” a household synonym
for "radio receiver,” we sometimes find ourselves explaining to the public ~
that despite our name we do not make radio receivers. Except for the one )
pictured on the opposite page, that is. Designed for use with the GR Syn-
cronometer® digital time comparator, it covers WWY, CHU, and Loran-C
frequencies and includes an oscilloscope for visua! comparison of off-the-air
time signals with the master tick of the Syncronometer. (It is, in other words,
a specicl-purpose, and not a general, radio.)

Two other important companions to the Syncronometer—a parallel-storage
unit and an improved frequency standard—ore also introduced in this issue.
The mission of the former is to store time information coming rapidly from the
Syncronometer until slower data-handling equipment can accept it. The
frequency standard is, of course, the key to the occuracy of a local time
standard, and the improved crystal-oscillator performance announced in this
issue is of obvious importance.

Cover: The Plessey Company's "CA?!“ (Comp tralled and Aut ted Test Equip-
ment) System for p includes o now-familiar combination: GR's auto-
matic capacitance bridge and a dlgl!ﬁl computer. (See page 9.) (Photo courtesy The
Plessey Company, Lid.)
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The Type 1124 Receiver.

A RECEIVER FOR PRECISE TIME CALIBRATIONS

A common method of establishing
accurate local time is to drive a local
clock with a frequency standard, check-
ing the absolute accuracy regularly
against standard time signals broadeast
by wvarious agencies throughout the
world. An elegant variation of this tech-

/" ique involves the use of primary time

standards flown to the local site for
periodic calibrations. The “flying-
clock’” method, though obviously ex-
pensive, offers the greater accuracy,
since it eliminates the uncertainties of
radio transmissions. However, once the
clock flies away, there exists the prob-
lem of maintaining time until it flies
in again, For this purpose, as well as
for the many applications that require
accurate timekeeping but that do not
justify flying clocks, the use of broad-
cast time signals 1s the answer,

A time-comparison system using

broadcast signals typically takes the
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TYPE |123-4
DIGITAL
SYNCRONOMETER

form shown in Figure 1. General Radio
has for years made two of the com-
ponents used in such a system: stan-
dard-frequency oseillators and Syn-
eronometer® digital time comparators
(clocks). We now offer the rest of the
system, a receiver designed specifically
for time standardization with the GR
Syncronometer, with a built-in oseil-
loscope for automatic visual comparison
of the received signals against those
from the local clock.

The General Radio time standard
included in Figure 1 operates as fol-
lows: The 100-kHz output from the
1115-C Standard-Frequeney Oscillator
is fed to the Syncronometer, which
translates the zero erossings mto a
pulse train and thence into a one-
pulse-per-second master tiek. These
ticks are accumulated in six digital
counting circuits, and the totals are
presented as digital time-of-day infor-

TYPE 1115-C

STANDARD - F.lTE QUENCY

OSCILLATOR

Figure 1. The com-
ponents of o time-
colibration  system.
Functions in shaded
area ore performed
by the new 1124
receiver, (Antenna
is included for
Loren-C.})
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mation (hours, minutes, and seconds)
on the Syncronometer front panel.

To calibrate the system in terms of
off-the-air time signals, one need only
compare the one-second master tick
with a one-second time signal broadcast
by one of several agencies offering such
services, Then, with both local and
broadcast time signals on the oscillo-
scope, synchronizing the local master
tick with the received signal is a simple
matter of adjusting a few thumbwheels
and pushing a button on the Syn-
cronometer.

This procedure, which sounds simple
in the telling, is complicated by the
vagaries of radio propagation, by the
high degree of precision usually re-

quired, and at times by the pract.ico.‘.’f\

difficulties of integrating and inter-
connecting several instruments into an
efficient system. A stable, sensitive
receiver is obviously required. It is
unreasonable to expect a general-cover-
age receiver to have optimum per-
formance at a few selected frequencies,
and a special-purpose receiver is usually
preferred. If the receiver has its own
built-in oscilloscope, the system is
greatly simplified.

The new GR receiver (Tyre 1124) is
specially designed for dependable, con-
sistent reception and faithful display of
time signals on six fixed frequencies.
These are the 2.5-, 5.0-, and 10.0-MHz
frequencies of WWYV, two CHU fre-

TYPE 1123-4 I |
MASTER TiCK
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Figure 2. Syncronometrics: Above Hming diagrams illustrate the principle
of time standardization using the Syncronometer and off-the-air time
transmissions. From top to b : The 1 d tick from the
Syncronometer; the 1-second time-signal transmissions from WWV; the
8-ms adjustable pedestal from the Syncronometer, the sync pulse from the
Syncronometer, and the esciiloscope sweeop. The thumbwheels on the Syncro-
nometer are adjusted to bring the leading edge of the pedestal inte coin-
id with the b of the WWYV tick, When this adjustment is made,
the thumbwheel readoul indicates the time interval between the master tick
from the Syncronometer and the beginning of the WWV tick. With higher-
precision Loran-C signals, a |-|.r|'puln is used in place of the 8-ms pedestal.
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uencies (3.33 and 7.335 MHaz), and

.00 kHz for Loran-C transmissions. An
“external’’ mode permits use of signals
from other sources (such as, for in-
stance, flying clocks).

The five high-frequeney circuits are
all fixed-tuned with erystal-controlled
local oseillators, and all are mounted on
plug-in etched boards. The two used
most frequently are left in the receiver
and selected by a front-panel switch.
Usable input sensitivity for the high
frequencies is greater than 3 uV, and
age circuits hold the receiver output
within 3 dB over an input-signal range
of 10 4V to 100 mV. A 3-MHz crystal i-f
filter and three tuned rf stages provide
image and i-f rejection of more than 80
dB, with all other spurious responses at
least 70 dB down. Low distortion of
the modulating waveform, even with

9% modulation, ensures faithful pulse
ceproduction, There is an audio output
monitor, isolated from the display to
prevent loading.

The Loran-C receiver is a fixed-tuned
amplifier with 100-kHz center fre-
quency and a bandwidth of about 20
kHz (needed to preserve the Loran
pulse waveshape). Its 50-ohm input
impedance matches the impedance of
the loop antenna supplied. Input sen-
sitivity is 3 uV for a signal-to-noise
ratio of 2 or greater. An important
feature is a pair of notch filters for re-
jection of unwanted signals near 100
kHz. These filters tune from 80 to 95
kHz and from 105 to 125 kHz and have
greater than 40-dB rejection. A gain
control with a 60-dB range supplements

SPECIF)

HIGH-FREQUENCY RECEIVERS

Rf Frequencies: 2.5, 3.33, 5.0, 7.335, and 10
JHz. Any two are selected by a front-panel

Switch.

Sensitivity: Better than 3 uV.

March, 1968

Dale . Fisher joined
General Radio in 1964,
after receiving his BSEE
degree from Northeast-
ern University. A devel-
opment engineer in GR’s
Frequency and Time
Measurement Group,
Mr. Fisher has special-
ized in the design of
digital time comparators
and related equipment.
He is now completing work toward his MS

degree from Massachusetts Institute of
Technology.
the oscilloscope gain control for

Loran-C presentations.

Visual display is by means of a built-
in Tektronix RMA64 Storage Oscil-
losecope. The storage mode is especially
useful in this application, since it will
average out time variations due
to unstable propagation characteristics
and will increase the signal-to-noise
ratio, since the random noise is stored
less frequently than is the desired
signal. The Tektronix Tyee 2B67
Time Base provides up to 1-us/em
display for accurate Loran-C compari-
sons and allows single-pulse triggering
for photographie records,

It is expected that the new receiver
will be widely used for its Loran-C
capability. Those interested in learning
more about the use of Loran-C in
precision frequency and time measure-
ments are invited to ask for our recently
published monograph on the subject.
The 12-page booklet, No. 2 in GR's
Frequency/Time Nolebook series, is
available free on request.

- D. O. Fisugr

CATIONS
Input Impedance: Approx 50 &,
Max Input Signal: > 100 mV,
Bandwidth: I-f 3-dB bandwidth approx 3 kHz;
3.0 MHz center frequency of i-f amplifier and
crystal filter,
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Auvlomatic Gain Contrel: Receiver output is
within 3 dB for signal change of 10 xV to
100 mV.

Image and I-F Rejection: >S50 dB; all other
spurious responses at least 70 dB down.
LORAN-C RECEIVER

Center Frequency: 100 kiiz; 3-dB bandwidth
approx 20 kHx.

Sensitivity: 5 sV for S/N>2.
lnputl lmpedance: Approx 50 (.

Max Input Signal: > 100 mV.

Gain Control: 4 fixed steps, 60-dB total range,
Notch Filters: Two, fron screwdriver-
control, 80 to 95 kH3z and 105 to 125 kHz (other
ranges "with internal-capacitor change). Rejec-
tion > 40 dB; 6-dB IJandwidth <3 kHaz.
EXTERNAL INPUT Intended for comparing other
timing signals with the GR 1123 comparator,
Semsitivity: Approx 0.5 V for full-screen deflec-
tion,

GENERAL

Front-Panel Controls: Amplitude (20-dB range),
vertical position, input-channel selector, gain;
screwdriver controls: notch-filter tuning (2),
1123 pedestal amplitude, and 1123 marker
amplitude,

Connections: Front panel: aadio output, Ippﬂ}'
1 V, for moni hf receiver. pane.
(B\YC connectors): Lornn antenna, hi antenna,
ext-signal input, and pedestal, syne, and marker
pulses from 1123,

Power Required: 105 to 125 or 210 to 250 V, 50
to 60 Hz, 240 W,

Accessories Supplied: Storage-oseilloscope acces-
sones, shielded-cable set, 1124-P1 Antenna.
Mounting: |9-inch rack-mount.
Dimensions (width x height x depth): 19 x 7 x
1814 in. (485 x 180 x 470 mm ).

Weight: Net, 42 1b (19.5 kg); shipping, ¢ 70 Ib
(32 kg).

1124-P1 Antenna

Center Frequency: 100 kiiz.

Bandwidth: Approx 20 kHz at 3-dB points, with
501 load.

Dimensions (width x height x depth); 58x 86 x
334 in. (1480 x 2200 x 96 mm).

Calalog Price
Number Description in USA

1 .
11249701 | 1124 Receiver | $3250.00

GR1125

PARALLEL-STORAGE UNIT FOR THE
SYNCRONOMETER

In the Experimenter article mtro-
ducing the Typre 1123 Syncronometer™
digital time comparator,! we said, *“No
commercial equipment presently avail-
able can aceept time readings as fast as
the comparator can supply them.
quired is a parallel-entry storage regis-
ter with a capacity of 11 four-bit
binary words. The register must accept

Re-

Fisher, . W, Frank, *
n Time Measurements,"
menfer, February-March 1965

A New Approach to
General Radw Erperis

and store the data from the clock in
a time well under 5 microseconds.” We
can now drop the other shoe, by an-
nouncing the availability of the Typr
1125 Parallel-Storage Unit.

The Syneronometer, it may be re-
called, is essentially a precise accumula-
tor of time in 10-microsecond incre-

ments. Feeding such fast-changing data

to auxiliary data-handling equipment
presents an obvious problem: Most such
equipment (printers, tape punches, ete)

www.ietlabs.com
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o S-C At R 1123 -] R 1123
STANDARD | OO | (acp1-2-4-8) | 100 wsix i
N
SToRE
COMMAND

Figure 1. Block diogram of local fime standard with parallel-storage wnil.

can't keep up with the Syneronometer,
and the Syneronometer can’t be inter-
rupted for interrogation. Enter the
parallel-storage unit, which accepts the
time-of-day information —to 10-as
resolution — from the Syncronometer
in 2 miecroseconds. On command from
an external source, the unit displays
the data on an in-line digital readout
and simultaneously presents it in 1-2-4-8
sep form (thus only the 1-2-4-8 version
of the Syncronometer can he used here).
Inhibit ecircuits, controlled either inter-
nally or by an external device, are in-
corporated to prevent storage while
clock data are changing or while the
storage-unit’s output is being used.

The 1125 Parallel-Storage Unit is an
all-solid-state instrument containing 11
four-bit storage registers, 11 indicator
circuits, and command and inhibit pro-
gram circuits. In normal operation, the
unit receives data input and a 100-kHz
inhibit signal from the Syncronometer,
by way of cables supplied with the
storage unit. These connections, as well
as the command connection, the data
output connection, and other connee-
tions provided for specialized systems
applications, are made at the rear
panel, leaving only the power switch,

indicator brightness control, and indiea-
tors on the front of the instrument.
Systems Using the 1125

The simplest system using the storage
unit includes an 1123 Syncronometer
digital time comparator (driven by a
frequency standard such as GR's
1115-C) and the 1125. This system,
shown in Figure 1, stores time lo a
resolution of 10 us each time a new
“store” command is received at its
input. Storage of data is automatically
timed by means of the 100-kHz inhibit
signal to avoid transitions of the count-
ing registers in the Syncronometer.
Stored data are displayed on the storage
unit’s 11 indicators, changing only when
new data are stored.

Better use of the system can be made
with the addition of a dasa printer such
as GR's Tyee 1137 (Figure 2), which
makes a permanent record of time in-
formation immediately after it is stored.
The only connection required is made
by a single cable between the 1125 and
the 1137. In this application, the stor-
age unit's internally generated print
command and inhibit signals would be
used to control the printer and to
prevent storage of new data while the
printer is operating. If the three-line-

GR 1118-C R 1123 R 1123 s B
FREQUENCY SYNCRONOME TER PARALLEL-STORAGE
ST 100aHz | (8c0 1-2-4-81 | joowms uniT FRINT .| DATA PRINTER
SYmE_I
COMMAND |

Figure 2. Addition of data printer greatly increases usefulness of system in many
applications.

www.ietlabs.com
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GR H18-C e

FREQUENCY
STANDARD

GR 1123
SYNCRONOMETER

100 kM L (BCO 1-2-4-8)

100 WH2

o5}

GR 1123
PARALLEL-STORAGE
uNIT

CONTROL
L061C i

R 128
PARALLEL - STORAGE s etn
UNIT

PRINT

1284

Figure 3. Two or more parallel-storage unils can be cascaded to store time dota
arriving too fast for the printer,

per-second print rate of the standard
1137 printer is not fast enough, models
with speeds up to 20 lines per second
are available commercially.

If the events to be timed oeceur too
closely together to be recorded by even
a high-speed printer, another system is
called for, in which two or maore storage
units are cascaded (Figure 3) to hold
the time information until it can be
transferred to the printer. The first

time data are stored in unit 1, then
immediately transferred to unit 2.
The first unit will then be ready to
accept new data in only 20 ps, rather
than having to wait for a 5-ms or
longer print cycle,

Numerous variations of serial or
parallel combinations of storage units
are possible, and inquiries for special
systems are invited.

— D. 0. Fisuer

SPECIFICATIONS

TRANSFER CHARACTERISTICS

Capacity: 11 decimal digits (44 bits) parallel-
entry jam-transfer; 10-us resolution.

Transfer Time: 2 u8 approx, for up to 8-fit data
cables,

Mede: Data are stored until next store com-
mand,

INPUT

Data: d-line BCD, 1-2-+8; fully compatible
with output of 1-2-4-8 versions of GR 1123 time
comparator.

Store Cammand: ["ositive or negative transition
(switch-selected ) between 0 and at least +5 V.
Input impedance > 100 k2, de coupled.

Inhibit Signal (from 1123): Inhibits transfer while
input data are changing.

Inhibit Signal (internal or external): Inhibits
transfer while stored data are read by output
equipment. Internal inhibit is equal in duration
to print command (see below). External inhibit
signal ean be presence of either 0 or at least 45
V (switch-selected); input impedance > 100
k2, de coupled.

OuTPUT

Data: 4-line BCD, 1-2-4-8 with GR 1123.

Logic Levels:

1" — 10V

110” - D\.’
Output Impedance: Approx 6.8 k&2 at logie “1,"
approx 12 k2 at logic “0."

Print Command: Pulse of +15 V behind 5 k%,
duration adjustable 20 ms to 0.5 8; set initially
for use with GR 1137 Data Printer.
Dato-Ready Signal: Pulse of 415V behind 5 k2,
50-us duration, oceurs 10 us after transfer is
completed.

Readout: 11 in-line digital indicators. Indicates
10's of hours through 10 us.

GENERAL

Power Required: 90 to 130 or 180 to 260 V,
50 to 60 Hz, 25 W,

Accessories Supplied: Data and inhibit signal
cables for connection to GR 1123, output data
connector, power cord, spare [uses, mounting
hardware with rack models.

Accessories Availoble: GR 1137 Data Printer
and other digital-data acquisition instruments.
Mounting: Itack-bench cabinet.

Dimensions (width x height x depth): Bench,
19 x 375 x 17 in. (485 x 99 x 435 mm); rack,
19 x 315 x 1634 in. (485 x 89 x 425 mm).
Weight: Net, 2315 Ib (11 kg); shipping, 45 b
(20 kg).

Catalog Price
Number Description in USA
1125 Parallel-Storage
Unit
1125-9801 Bench Model $2600.00
1125-9811 Rack Model 2600.00
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The time/frequency systems de-
seribed in the preceding articles, like
all other time and frequency measuring
systems, are only as good as the loeal
frequeney standards driving them. The
availability of a new, fast-stabilizing
crystal has enabled General Radio
again to upgrade the performance of its
1115 piezoelectric frequency standard.!
Aging specifications are now less than
5 X 107" per day after three days

March, 1968

7 HIGHER PERFORMANCE FOR THE 1115 FREQUENCY STANDARD

(formerly 30 days) of operation, less
than 1| X 107" per day, typically,
after six months (formerly a year).

Like its predecessor, the new stan-
dard has outputs at 5 and 1 MHz and
100 kHz, excellent spectral purity, and
a built-in nickel cadmium battery that
automatically takes over for up to 35
hours in the event of power-line failure.

tH, P. Stratemeyer, ' Tyre 1115-B Siandard-Frequency
Oscillator,” General Radio Experimenter, June 1964,

Catalog Price

Number | Deseription I in US4
11159803 I 1115-C Standard-Frequency Oscillator (Bench) | $1800.00
1115-9813 1115-C Standard-Frequency Oscillator (Rack) 1800.00

THE AUTOMATIC BRIDGE AS A CATE
COMPONENT

P GR's Type 1680 Automatic Capa-

citance Bridge and a digital computer
are natural companions, frequently
used in combination to perform meas-
urement tasks that would have been
unthinkable a few years ago. As an
impressive example, take the CATE
(Computer-controlled and Automated
Test Equipment) system used by The
Plessey Co.’s Product Assessment Labo-
ratories at Titchfield, England,

The complete system, shown on the
cover, is designed primarily to sup-
port reliability trials on thin-film com-
ponents, resistive and capacitive. The
1680 is used to measure the capacitors.
These are aluminum-silicon monoxide
elements deposited on a glass substrate,
two elements per substrate. Capa-
citance values range from 100 to
10,000 pk.

Under a long-term-reliability trial,
2000 of these elements are stored at an

ambient temperature of 70°C, with

maximum rated de voltage applied.
Periodically during the reliability trials
the components are removed from the
test environment for measurement un-
der standard conditions at 20°C. Ca-
pacitors are connected to CATE in
groups of 100 at a time, via multiway
miniature coaxial connectors, which are
in turn linked to a 100-channel scanner
at the input to the 1680,

The computer, a Digital Equipment
PDP-8, performs several functions: It
controls the over-all sequence of opera-
tions, it commands the scanner to select
the next channel, it recognizes the end
of a measurement and transfers meas-
ured data to core storage, it calls up
subroutines to process input data, and
it feeds data to a typewriter and tape
punch.

The sBep output from the 1680 is
adapted to the PDP-8 by a special
interface, The nen digits are transferred
to core in 12-bit words, each word

www.ietlabs.com
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containing three digits. The transfer
of all display and range data requires 70
control instructions from the computer.
Stored mcp digits can be decoded and
converted to equivalent binary words,
the capacitance and conduetance values
being assembled into double-precision
binary numbers. The time required for
transfer and conversion is less than 130
microseconds.

The simplest program transfers data
direetly from the 1680 to the teletype-
writer, producing a printed output and
an equivalent punched tape. CATE can
easily handle more complex funetions.
It can, for instance, check values

of-tolerance results by, say, a typewrit-
ten asterisk. Or it can accumulate
sequential measured values and caleu-
late mean and standard deviations of
parameter distributions. Or it can com-
pare measured data with earlier data
stored on paper tape, calculating per-
centage change. Since CATE also in-
cludes a temperature-measuring digital
voltmeter, temperature coefficients ean
be ecalculated from changes in capa-
citance and temperature.

Acknowledgment: We are indebted to Mr.
Brian A. Mair of The Plessey Company Ltd.
for the information presented above.

MAKING THE 1602 AND 1607 BRIDGES DIRECT-
READING BELOW 40 MHz

The susceptance standard supplied
with the Tyee 1602-B Immittance
Bridge and with the Tyee 1607-A
Transfer-Function and Immittance
Bridge is calibrated down to 40 MHz;
below this frequency a eorrection is
required if the bridge is to be direct-
reading.

Either bridge can be made direct-
reading below 40 MHz by the simple
addition of a tee and a variable capaei-
tor between the susceptance standard
and the bridge. The 874-VCL Variable
Capacitor (14-70 pF) and the 874-TL

Tee are ideal for the purpose; an 874-
ML Component Mount fitted with a
low-loss variable capacitor or a fixed
silver-miea capacitor, plus an 874-TL
Tee, can also be used. The extra
capacitance needed ean also be supplied
by an 874-L Air Line inserted between
the susceptance standard and the
bridge.

After these components are con-
nected, capacitance is adjusted in ac-
cordance with the instruction book for
the 1602-B (section 3.1) or the 1607-A
(sections 3.1.3.2 or 3.1.8.3).

ADDENDUM

In *Precision Capacitance Measure-
ments with a Slotted Line" (Experi-
menter, September 1967), the equation
for €', given on page 11 may not be
entirely suitable at the higher frequen-
cies, The following, more exact equation
is now recommended :

10

0 = ALOT2 X108
© V(@) tan[1.61799210-%1v/L(w)]

where [ is frequency in hertz
[ is slotted-line position in meters
L{w) is slotted-line inductance
per unit length, in nH/cm
and the argument of the tangent
i in radians,

deD
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KEEPING COAXIAL CONNECTORS CLEAN

In an increasingly polluted environ-
ment, it seems that eleanliness is next
to impossible. It is also next to essential
in precision microwave measurements,
where a little dirt and grime on a
connector contact surface can introduce
significant error. With a connector as

carefully designed and made as the
GRO00, anti-dirt warfare is especially
important, The best weapon is a Tyrr
900-TOC Connector Cleaning Kit,
which includes a 16-ounce spray can of
Freon TI solvent, two nylon brushes,
a pipette, cloth patches, and an Allen
wrench.

ROTATABLE GR900® CONMNECTIONS

The gear teeth on a GRO00® preci-
sion coaxial connector can occasionally
present a problem in alignment. If, for
example, GR900 connectors on two
large pieces of equipment are to be
mated, the teeth on the two connectors
may be oriented so as to prevent con-
nection.

Where this problem exists, one an-
swer is the new 900-PKMR Panel
Mounting Kit, which adapts standard
GR900 connectors for panel mounting
and which includes a rotatable gear
ring. Another is a rotatable centering
ring (Catalog No. 0000-9499) that
replaces the ring on a standard GR900
connector.

CHOKE FOR VARIACY
AUTOTRANSFORMERS

The W50-P1 Choke is designed to
eliminate eirculating currents in paral-

ers. The new choke can carry up to 60
amperes of load current and thus can
handle a parallel pair of any size Variac.
Additional chokes can be used for
parallel connections of more than two

lel-connected Variac® autotransform- autotransformers.
Catalog n _Price
Number Deseriplion in USA
~ 0900-9610 900-TOC Cleaning Kit
0900-9500 900-PKMR Panel Mounting Kit, Rotatable 20,00
0900-9499 Centering Ring, Rotatable 15.00
3150-5016 W50-P1 Choke 16.00

Experimenter Index
An index to the Experimenter for the year 1967 is now available on
request, Write to Editor, General Radio Experimenter, General Radio
Company, West Concord, Mass. 01781.
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GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS 01781

SALES AND SERVICE

Area Telephone

Albuquerque 505 255-0611
*Boston 617 646-0550
*Chicago 312 992-0800
Cleveland 216 B86-0150
Bridgeport 203 377-0165
*Dallas 214 ME7-2240
Dayton 513 434-6979
Denver 303 447.9225
Detroit 313 261-1750
Houston 713 622-7007
Huntsville 205 B83-2077
Indianapolis 317 636-3907
*Los Angeles 213 469-6201
Maontreal 514 737-3673
New Haven 203 377-0165
*New York (NY) 212 964-2722
(NJ) 201 943-3140

Orlando 305 425-4671
Ottawa 613 233-4237
Philadelphia 215 646-8030
San Diego 714 232.2727
San Francisco 415 948-8233
Seattle 206 GL4-7545
Syracuse 315 454-9323
*Toronto 416 247-2171

*Washington/Baltimore 301 946-1600

*Repair services are available at these offices.

GENERAL RADIO COMPANY (OVERSEAS)
CH 8034 Zirich 34, Switzerland

GENERAL RADIO GMBH
D8 Miinchen 80, West Germany

GENERAL RADIO COMPANY (U.K.) LIMITED
Bourne End Buckinghamshire, England

REPRESENTATIVES IN PRINCIPAL
OVERSEAS COUNTRIES

IET IET LABS, INC inthe GenRad tradition

534 Main Street, Westbury, NY 11590
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