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THE G4 IS A COMPLETELY NEW MECHANICAL CHOPPER
THE MECHANISM IS NOVEL (A PATENT IS PENDING)
OPERATION IS UNIFORM FROM O TO 1,500 CYCLES
THE NOISE IS MUCEF LESS THAN ONE MICROVOLT
THE OFFSET IS MUCH LESS THAN ONE MICROVOLT
THE DESIGN IS INHERENTLY OF HIGH RELIABILITY
THE OPERATING LIFE WILL EXCEED 10,000 HOURS
THE G 4 IS UNAFFECTED BY SHOCK AND VIBRATION

SPECIFICATIONS
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CONTACT ACTION: SPDT, BBM TRANSFER TIME: 5° minimum VIBRATION: MIL STD 202B Method 204A, INSUL. RESIS.: 10 K meg.at 100 VDC
CONTACT RATING: 20V 1ma resistive DWELL TIME: 165° + 10° Cond. B, maximum contact derangement 7° TEMPERATURE: — 65°C to + 125°C
POWER CONSUMPTION: 200mw max. DISSYMMETRY: 10° maximum SHOCK: 100 G per Mil Std 202B Method CASE VOLUME: 0.11 cu. inches
CONTACTS TO GROUND: 5uuf max. PHASE ANGLE: 75° = 10° 202A, maximum contact derangement 10° WEIGHT: 8 grams
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Japan

Three-in-one color gun

The untiring search by Japanese
color television set makers for
something better than the shadow-
mask tube seems about to pay off
with still another sophisticated
small-screen tube. Sony Corp. has
well along in development a one-
gun tube it calls the Chromag-
netron. The key idea: a color-
switching yoke that makes a single
gun act like three.

For all its merits, the shadow-
mask tube that prevails in the
United States has some major
drawbacks. The mask that shep-
herds the electron beams from each
of the three color guns onto the
right phosphors blocks out about
85% of the electrons. It takes high
voltages and high currents—high
power in other words—to get ade-
quate brightness. And using one
gun for each color is a brute-force
rather than an elegant solution.

Both Sony and the Yaou Electric
Co. are already marketing sets with
tubes that replace the shadow mask
with a grid of fine wires. This tech-
nique of landing electrons on the
right phosphors, called post de-
flection focusing, blocks out at
most 15% of the electrons. The
concept was first advanced by the
late Ernest O. Lawrence, best
known for his Nobel-prize-winning
invention of the cyclotron.

On the grid. Elegant as the Law-
rence concept is, it’s difficult to put
into practice. Fabricating wire
grids that line up exactly with ver-
tical phosphor color stripes on the
tube is tricky. What’s more, for a
single-gun tube, two grids insulated
from one another are needed.
That’s because the difference in po-
tential between alternate wires has
to be reversed to deflect the elec-
trons left or right to land on the
correct phosphors; with no poten-
tial difference between wires, the

electrons pass straight through to
hit the third color.

The Kobe Kogyo Corp. produces
a 7Y%-inch one-gun tube for the
Yaou portable set [Electronics, May
31, 1965, p. 81] but there isn’t much
chance that Kobe can make the
tube much larger. Even if Kobe or
someone else could pull off the feat,
a set maker who tried to use a large
single-gun tube would run into
trouble with spurious radiation. For
adequate resolution, dot-sequential
operation would be required; the
color-switching grid would have to
be switched at a frequency of 3.58
megahertz (megacycles per second)
so the beam would hit every phos-
phor stripe as it sweeps across a
line. For small sets, low-frequency
line sequential operation—scanning
lines with just one color at a time—
is satisfactory.

For its part, Sony has in produc-
tion a 19-inch, three-gun tube with
a post deflection focusing grid.
Fabricating the grid for this tube
called the Chromatron—is rela-
tively easy. All the wires operate at
the same potential, so they can be
welded to a rigid metal frame.

Troubles. Sony, however, ran
into trouble when it tried to de-
velop a mass-production method
to turn out insulated color-switch-
ing grids for a one-gun Chroma-

tron. Along with the difficulty of
anchoring and at the same time in-
sulating the wires by embedding
them in a glass frit on a metal
frame, Sony had to contend with a
grid pitch twice as fine as used for
the three-gun Chromatron. The
one-gun Chromatron uses green
stripes half as wide as the red and
blue stripes, and one set of grid
wires must be located in front of
the half-width stripes.

Angles. The company hit on the
Chromagnetron configuration of a
one-gun tube and a single grid after
Sony realized a landing compensa-
tion device it had developed for
the three-gun Chromatron could
shift the electron beam for each
color. To the grid, the effect is the
same as if the beam origina“=d
from three different guns operatia,
in succession.

The effect is obtained by feeding
a step current to a horizontal yoke
near the gun and a second step cur-
rent in opposite phase to the deflec-
tion yoke. This changes the angle
of the beam successively for blue,
green and red phosphor strips. The
same result could be obtained with
the color and convergence yoke lo-
cated between the deflection yoke
and the grid. This would simplify
the dynamic convergence circuitry,
but mounting the yoke would be

COLOR AND VERTICAL POST
CONVERGENCE DEFLECTION
YOKE FOCUSING GRID
ELECTRON
==—=-7 GUN
,E ey | 2
COLOR | I i — =~ _ o« _s~4B VERTICAL
;\/GNAL ; | T T e e SOGCOIOR
) ! i « R STRIPS
-“ Ll i B R i
CONVERGENCE AND
15,750 hz COLOR SWITCHING
SYNC |— CIRCUITS TWIST
CORRECTION
COoIL

Color-switching by yoke near electron gun is key to operation of
Chromagnetron, one-gun color tv tube Sony Corp. is developing.
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more difficult in that case.

Inherently, operating a single
gun in this fashion doesn’t give as
much brightness as three guns do.
But Sony says there’s enough room
in the neck of the tube for a much
larger gun that will make the dis-
play almost as bright as that of a
three-gun tube.

Sony is developing a 12-inch
tube using this concept. With color
signals to the electron gun gated
at horizontal sweep frequency, a
line sequential display suitable for
monitors in a closed-circuit enter-
tainment system for aircraft can be
made with little trouble. The tube
also could be used for small-tube
portable tv receivers.

The Chromagnetron concept,
however, probably won’t lead to a
tube for large receivers. At the 3.58
Mhz color switching frequency re-
quired for dot-sequential operation,
the large yokes would radiate too
much interference.

On-time transistor

For some six years, the Bulova
Watch Co. with its Accutron has
had the “electronic” wristwatch
market in the United States all to
itself. Now Bulova will have to
watch out—competition is on the
horizon.

The Citizen Watch Co., a Jap-
anese firm, plans to launch its X8
electronic wristwatch in Japan this
spring; later it will move into ex-
port markets. Company officials
haven’t yet decided how to handle
marketing in the U.S. Ironically,
Citizen supplies conventional watch
movements to Bulova for sale in the
U..S.

Like Bulova’s Accutron, Citizen’s
X8 uses a transistor circuit (neither
watch is fully electronic), but there
the resemblance ends. In the Accu-
tron, a transistor-controlled electro-
magnetic tuning fork replaces the
balance wheel and hairspring of a
conventional watch movement. The
X8, by contrast, uses a transistor-
ized drive circuit to power a bal-
ance-wheel pendulum assembly.

Sandwiched coil. Basic oscilla-
tion in the X8 comes from a balance
wheel with a hairspring; its period
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Transistor circuit drives balance-wheel assembly in Japanese ‘‘electronic”
wristwatch. Periodic signal voltage develops in pickup coil as magnets

on balance wheels sweep back and forth. Amplified by transistor, signal

is fed back to drive coil to power the balance wheel coupled to escapement.

is 0.4 second. Below it lies a second
balance wheel—without a hair-
spring—that drives a detached-
lever escapement coupled to the
gear train for the second, minute,
and hour hands. Both balance
wheels ‘have platinum-cobalt per-
manent magnents fixed on them.
Sandwiched between the wheels is
a flat two-coil assembly.

One coil picks up a periodic volt-
age signal as the balance wheel
assembly magnets oscillate back
and forth over it. The signal is
amplified by the transistor circuit
and fed to the second coil to drive
the pendulum assembly. Power
source for the watch is a 1.5-volt
silver cell, supplied by the Union
Carbide Corp.; the cell lasts about
a year.

As in a conventional movement,
the hairspring of the X8 balance-
wheel assembly can be adjusted to
correct for fast or slow running; a
variable resistor in the transistor
circuit matches it to changed hair-
spring settings. The stem of the
watch actuates a switch in the
power-cell circuit so the watch can
be stopped if desired.

Priced to sell. Citizen plans to
produce one thousand X8’s monthly
at the outset and will sell them on
the Japanese market for just under
$89. By comparison, Accutron prices
in the U.S. start at $125. When
Citizen does tackle the U. S. market
it will move into lush territory—

Bulova has sold over a half-million
Accutrons in the last six years.

But both Bulova and Citizen face
a long-range threat from Swiss
watchmakers, fiercely jealous of
their reputation as world leaders in
precision timepieces. The Swiss
Federation of Clock and Watch
Manufacturers has mounted a well-
financed effort to develop an all-
electronic watch at its research
center near Neuchatel.

Great Britain

Thin lines

The upsurge of interest in thin-film
integrated circuits in Great Britain
has touched off a scramble among
some researchers to see who can
scribe the finest lines the fastest.
Deposited resistors and capacitors
in thin-film circuits have to be
scribed to adjust their values; the
race is on to develop optimum pro-
duction methods to do the job. Al-
ready, both government and elec-
tronics company laboratories have
come up with improved scribing
techniques using sparks, electron
beams or lasers.

Sparks. Standard Telephones and
Cables Ltd., an affiliate of the In-
ternational Telephone & Telegraph
Corp., appears to be the leader with
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spark engraving. In its West En-
gland plant, STC adjusts resistors
and tunes inductances in thin-film
circuits by engraving them with
sparks. Cutting speeds range up to
0.4 inches per second, with line
widths as thin as 0.002 inch. Even
thinner lines are possible, STC
says, with specially shaped tips on
the engraving probe or by operat-
ing the probe in a dielectric fluid.
The dielectric cuts widths down to
around 0.0004 inch.

To keep line-width to line-depth
ratio high, STC keeps energy levels
in the spark low. Penetration of the
evaporated film is thus held as low
as a few thousand angstroms for a
width-depth ratio as high as 20 to 1.
The spark source is a direct-cur-
rent supply that charges a small
capacitor through a high resist-
ance; that way, discharge current
is limited and the film doesn’t over-
heat when it’s engraved. Typical
values used by STC are a 40-volt
circuit with a capacitor of 100 pico-
farads charged through a series re-
sistance of 1 megohm.

Along with the benefits, low
sparks levels bring a problem—how
to maintain gaps small enough so
the spark will form. STC solved the
problem by mounting the probe on
a piezoelectric transducer. Ener-
gized at 10-kilohertz (kilocycles per
second) frequency, the transducer
vibrates the probe with a travel of
about 0.001 inch.

Electron beam. Another way to
scribe fine lines is by an electron
beam, a technique used on a pro-
duction-line basis with computer
control in the United States by
Hamilton Standard Div. of the
United Aircraft Corp. Britain’s
Royal Radar Establishment, how-
ever, has plans for a twist on the
usual technique. Instead of a high-
voltage, short-focus beam with ac-
celerating voltages of 90 kilovolts
or higher, RRE is developing a low-
voltage (30 kilovolts) machine that
operates as a high-resolution ca-
thode ray tube.

RRE admits its low-voltage sys-
tem has inherently lower resolution
than a high-voltage electron beam
machine. But there are advantages,
RRE claims. A large scan area—up
to 3 inches by 3 inches—is possible,
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The Hamilton Standard equipment,
by comparison, precisely scans
areas only up to 0.2 inch square.
Further, RRE says its design per-
mits faster pumping and eliminates
mechanical adjustments. And the
low-voltage machine could be pro-
grammed for automatic operation
as is Hamilton Standard’s.

In an experimental unit built to
machine thin films, RRE has scribed
aluminum and nickel-chrome films
with beam currents of 25 micro-
amperes. Line width is about 0.001
inch, with minimum spacing be-
tween lines in the same order.

The unit has a conventional ca-
thode-ray-tube gun mounted at one
end of a long glass tube that flares
out at the lower end. Sealed to the
flared-out end is a conventional
work chamber and vacuum pump-
ing system. Three sets of coils con-
trol the beam. One pair aligns the
beam, a second pair focuses it and
corrects astigmatism, the third pair
deflects the beam to obtain the de-
sired scribing patterns.

Laser. Another government estab-
lishment, the Services Electronics
Research Laboratory, wants to elim-
inate the need to scribe thin films
in a vacuum. So SERL has devel-
oped an experimental system, built
around a pulsed helium-neon laser,
that can machine work pieces in air
or through glass.

The gas laser develops about 200
watts peak power in 0.25 micro-
second pulses. The radiation is in-
frared, most of it at a wavelength
of 1.153 x 10 meters. Used with a
lens of 1-inch focal length, the laser
system has power of 60 megawatts
per square centimeter at the focus,
The lines scribed have widths be-
tween 0.0002 and 0.0004 inch.

Germany

On top

In most West German cities, tele-
vision towers are familiar land-
marks, skyline symbols of the
booming consumer electronics in-
dustry. In divided Berlin, however,
they have become weapons for the

political jousting that pits commu-
nist East Germans against capital-
ist West Germans.

It now looks as if the East Ger-
mans will come out on top in the
tower tussle and stay there for a
long time. They have started con-
struction on a concrete tv tower
that will soar to 1,181 feet—about
125 feet higher than the Eiffel
Tower, currently the tallest struc-
ture in Western Europe. High as
it will be, though, the East Berlin
tower will be dwarfed by the 1,700-
foot prestressed concrete tower
under way in Moscow.

While the East Berliners build,
West Berlin broadcasting officials
are fretting. They're itching to
match their rivals’ skyward push
but haven’t been able to get per-
mission from the occupying pow-
ers—the United States, France and
Great Britain—to build high-rise
projects. Occupation authorities
claim a tall tower in West Berlin
would be hazardous to air traffic.

Nice timing. Workers brigades
are rushing to complete the East
Berlin tower in the Alexanderplatz
by August of next year. An eye-
catching tower dominating the Ber-
lin skyline then would offset the
propaganda effect of the start-up
of color tv broadcasting by the
West Germans. The broadcasts will
begin during the West Berlin radio,
tv. and phonograph exposition
scheduled for late summer 1967.

The East Berlin tower will rise
out of a 394-foot diameter base
to a height of 656 feet. At that
level will be the 105-foot base di-
ameter of a cone. Eight floors in
the cone will house broadcast
equipment and work spaces for
operating personnel. Above the
cone, nine platforms will be canti-
livered out from the shaft that
brings the tower to its full height
of 1,181 feet. The platforms will
carry parabolic reflectors to beam
broadcasts into every corner of the
city and out to border areas in
West Germany 85 miles away.

Hoping. Now that the East Ger-
mans have started to put up their
tall tower, West German officials
hope they’ll be able to wangle per-
mission to build a higher antenna
than the 794-foot steel mast they
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now have. With a 100-kilowatt
transmitter, their tv broadcasts cur-
rently cover an area extending out
60 miles into the East German
territory surrounding the West Ber-
lin enclave.

“What we want is a concrete
tower that will enable us to trans-
mit deeper into East Germany,”
says Werner Goldberg, director of
West Berlin’s Fernsehturm GmbH,
the television tower subsidiary of
Radio Free Berlin. With a higher
tower, Goldberg figures, the propa-
ganda benefits of West German tv
broadcasts could be extended to
heavily populated areas around
Leipzig and Dresden to the south,
and to the Baltic coastal towns to
the North.

An argument like that should get
a sympathetic hearing from West
Berlin occupation authorities, espe-
cially since the air-safety objection
no longer is valid with a high
tower now going up in East Berlin.
Goldberg already has some possi-
ble projects in mind. One of the
most recent calls for three 988-
foot high concrete tubes with ele-
vators running inside. A glassed-in
observation sphere would be slung
between the tubes near the top.

France

Changing exchanges

The government-run French tele-
phone network plans to turn to elec-
tronic switching to ease the strain
on the sorely overtaxed exchanges
in the Paris area.

Phone officials said, at a recent
international conference of elec-
tronic switching experts, that a
first computer-run switching center
would be installed in the French
capital by late 1968. Most likely
the system will be a hybrid. It will
be computer controlled but line
crosspoints will be switched by
reed relays.

At its Lannion facility in North-
ern Brittany, the French postoffice
department’s research laboratory,
Centre National d’Etudes de Télé-
communications (CNET), has been
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looking into three different kinds of
switching systems for telephone ex-
changes. In a program named Aris-
tote, CNET has developed a 1,000-
subscriber prototype exchange that
uses pairs of transistors for the
crosspoints, Concurrently, CNET
developed Socrate, which has elec-
tronic program control but works
with electromechanical crosspoints.
Latest and most advanced is the
Platon time-division system [Elec-
tronics, Nov. 16, 1964, p. 176].

Leading candidate, The exchange
that Paris will get late in 1968 is
called Pericles, almost certainly will
be based on reed-relay experiments
carried out as part of the Socrate
development. Most likely candi-
date is the Artemis exchange, now
well along in development at Le
Matériel Téléphonique, an affiliate
of the International Telephone &
Telegraph Corp. LMT will have an
800-line prototype in service at its
plant on the outskirts of Paris early
next year.

The Artemis exchange differs in
an important respect from the elec-
tronic switching system the Bell
System has in fullfledged service
on 7,000 lines in Saccasunna, N.].
and 4,000 lines in Chase, Md. [Elec-
tronics, Oct. 19, 1964, p. 72]. Bell’s
system uses electrical latching,
LMT’s magnetic latching.

Open and closed. In the Artemis
exchange, a crosspoint consists of
three reed relays. Two of them
switch the phone lines; the third is
scanned by the control circuits to
determine if the crosspoint is occu-
pied or free. Once a crosspoint is
switched closed by a pulse to the
electromagnets that actuate the
reeds, it latches magnetically and
remains closed without a holding
current. It stays closed until a pulse
to open it is transmitted. Along
with the saving in current consump-
tion, the magnetic latching circuit
has the advantage of eliminating
the need for a decoupling diode at
each crosspoint.

Control functions in the Artemis
exchange are handled by a com-
puter developed by CNET for elec-
tronic switching systems. The com-
puter has a semipermanent core
memory to store the basic control
program and a temporary memory

to store data while calls are
switched. Both these memories
have a capacity of 4,096 words of
32 bits. A drum memory with a
16,000-word, 32-bit capacity stores
the subscriber numbers for the ex-
change and records of subscriber’s
accounts.

Switzerland

Bulls’ eyes

An added occupational hazard is
threatening burglars who practice
their profession in Switzerland. Po-
lice forces in Zurich and some
smaller Swiss cities soon will start
testing an infrared scope that lets
its user see at night.

The battery-powered scope looks
like an oversized pistol and weighs
about a pound. It can be held to the
eye with one hand and needs no fo-
cusing. The lens, an integral part
of the scope, has an angle between
that of a normal camera lens and a
wide-angle lens. With an infrared
spotlight mounted on the patrol
car to “illuminate™ night prowlers,
police can pick them out in the
dark at ranges over 300 yards.

Albiswerk A.G. of Zurich built
the device around a 1%-inch diam-
eter infrared image converter tube
it developed. The tube has a reso-
lution of 650 lines per inch and a
single image-converter stage. The
acceleration voltage, higher than
10,000 volts, is developed in a tran-
sistor converter. Albiswerk says
the image obtained is sharper than
a television image.

The Swiss infrared scope differs
in major respects from similar
viewers produced in the United
States for police work. The U.S.
models have built-in illuminators.
This is an advantage when a po-
liceman has to leave his patrol car
stalk a suspect at night.

On the other hand, the Swiss sys-
tem based on a powerful infrared
spotlight mounted on the patrol car
has greater range. Range depends
on the infrared illumination of the
person or object viewed. And a
scope without an incorporated il-
luminator, obviously, is cheaper.
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Development 196
Rosebush Advertising Agency Inc.

Maryland Telecommunications . Inc. 138
Ray E. Finn Advertising

Mepco Inc. 205
Ray Ellis Adv. Corporation

Metal Removal Company, The 172
Advertising Producers

Monsanto Company 6

Foote, Cone & Belding Inc.
Motorola Semiconductor Products

nc. 66, 148
Lane & Bird Adv. Inc.

The National Company 154
J.J. Joslin Advertising

National Semiconductor Corp. 206, 207
Michel-Cather Inc.

New England Istrument Company 167
Impact Advertising Inc.

North Atlantic Industries Inc. 195
Murray Heyert Associates

Nucleonic Products Company 7
Enyart & Rose Adv. Inc.

Nytronics Inc. 158
The Stukalin Adv. Agency

= Ohmite Mfg. Company S9

Fensholt Adv. Agency Inc.

Pearson Electronic 192

William E. Clayton & Associates Inc.

Pennsalt Chemicals Corporation 45
Aitkin-Kynett Co. Inc.

Perfection Mica Company,

Magnetic Shield Div. 202
Burton Browne Adv.
Philco Corporation, Lansdale Division 36
Batten, Barton, Durstine & Osborn Inc.
Philco Sierra Company 129

Hal Lawrence Inc.

RHG Electronics Labs. Inc. 177
S.M. Sachs & Associates Inc.
Radiation Inc. 199

Basford Inc.

Radio Corporation of America 4th Cover

Al Paul Lefton Company

= Radio Frequency Labs. Inc. 74
Keyes, Martin & Company

= Radio Materials Co.

Div. of P.R. Mallory 186
Edro Adv. Inc.
Raytheon Company 48

Fuller & Smith & Ross

Raytheon Company,
Components Div.
Fuller & Smith & Ross Inc.

106, 107, 162

218

Robinson/Nugent 194
Creative House Inc.

Sangamo Electric Company 72
Winius-Brandon Company

Sealectro Corporation 156
Lescarboura Adv. Inc.

Semtech Corporation 190
Burress Advertising

= Singer Company, Metrics Division 157

Hepler & Gibney Inc.

Solitron Devices Inc. 119

Haselmire Pearson Adv.
= Sorensen & Company Inc.

Div. of Raytheon Jl
James Advertising Inc.

Speer Carbon Company 43
Hazard Adv. Co., Inc.

Sprague Electric Company 5, 10, 16
Harry P. Bridge Company

Stackpoie Carbon Company b3, :159

Meek & Thomas Inc.

Struthers-Dunn Inc. 203
Harry P. Bridge Company

Sylvania Electric Products Inc. 27 to 34
Tatham-Laird & Kudner Inc.

TRW Inc. 144
Fuller & Smith & Ross Inc.

Taber Instrument Corporation 175
Harold Warner Advertising

Tektronix Inc. 98
Hugh Dwight Adv. Inc.

Telrex Laboratories 2 209
George Homer Martin Associates

Texas Instruments Inc. 161
Don L. Baxter Inc.

Tobe Deutschmann Laboratories 182
Engineered Advertising

Tohoku Metal Industries Ltd. 156
Kokusai Tsushin-Sha

Transitron Electronic Corporation 155
Larcom Randall Adv. Inc.

Triplett Electrical Instrument Co. 75

Burton Browne Adv.

Ulano & Company Inc. 169, 199
Byrde, Richard & Pound Inc.
Ultronix 63
Tallant/Yates Adv.
Union Carbide Corporation 133
J.M. Mathes Inc.
Unitrode Corporation 41
Electronic Marketing Assistance
U.5. Naval Ship Missile Systems 156
Buxton Adv. Agency
= Vitro Electronics Corp. 202
Buchen Advertising Inc,
Wanlass Electric Company 147
Leland Oliver Co. Inc.
Wood Electric Company 201
L.K. Frank Co. Inc.
= Zeltex Inc. 169

Sturges & Associates

= For more information on complete product
line see advertisement in the latest Elec-
tronics Buyers’ Guide.
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Advertising sales staff
Frank E. LeBeau [212] 971-2210

Advertising sales manager

Atlanta, Ga. 30309: Gus H. Krimsier,
Michael H. Miller, 1375 Peachtree St. N.E.,
[404] TR 5-0523

Boston, Mass. 02116: William S. Hodgkinson
McGraw-Hill Building, Copley Square
[617] CO 2-1160

Chicago, Ill. 60611: Robert M. Denmead,
J. Bradley MacKimm

645 North Michigan Avenue,

[312] MO 4-5800

Cleveland, Ohio 44113: Paul T. Fegley, 55
Public Square, [216] SU 1-7000

Dallas, Texas 75201: Richard P. Poole, The
Vaughn Building, 1712 Commerce Street,
[214] RI 7-9721

Denver, Colo. 80202: Joseph C. Page, David
M. Watson, Tower Bldg., 1700 Broadway,
[303] 255-5484

Detroit, Michigan 48226: Paul T. Fegley
856 Penobscot Building
[313] 962-1793

Houston, Texas 77002: Kenneth George,
2270 Humble Bldg.,
[713] CA 4-8381

Los Angeles, Calif. 90017: lan C. Hill,
John G. Zisch, 1125 W. 6th St.,
[213] HU 2-5450

Minneapolis, Minn. 55402: J. Bradley
MacKimm, 1104 Northstar Center
[612] 332-7425

New York, N. Y. 10036:

Donald R. Furth [212] 971-3615
Frank LeBeau [212] 971-3615
George F. Werner [212] 971-3615
500 Fifth Avenue

Philadelphia, Pa. 19103: William J. Boyle,
Warren H. Gardner, 6 Penn Center Plaza,
[215] LO 8-6161

Pittsburgh, Pa. 15222: Paul T. Fegley,
4 Gateway Center, [412] 391-1314

Portland, Ore. 97204: James T. Hauptli,
Pacific Building, Yamhill Street,
[503] CA3-5118

St. Louis, Mo. 63105: Robert M. Denmead
The Clayton Tower, 7751 Carondelet Ave.
[314] PA5-7285

San Francisco, Calif. 94111:
James T. Hauptli, 255 California Street,
[415] DO 2-4600

London W1: John W. Patten, Edwin S.
Murphy Jr., 34 Dover Street,
Hyde Park 1451

Miilan: 1, via
Baracchini Phone: 86-90-617
86-90-656

Frankfurt/Main: Gerd Hinske, Joseph
Wuensch, 85 Westendstrasse
Phone: 77 26 65 and 77 30 59

Geneva: Michael R. Zeynel,
1, rue du Temple
Phone: 31 95 60

Paris VIII: Denis Jacob, 17 Avenue
Matignon ALMA-0452

Tokyo: Nobuyuki Sato, 1, Kotohiracho
Shiba, Minato-Ku [502] 0656

Osaka: Ryosi Kobayashi, 163, Umegee-cho,
Kilta-ku [362] 8771

Wallace C. Carmichael [212] 971-3191
Manager Electronics Buyers' Guide

David M. Tempest: [212] 971-3139
Promotion manager

Milton Drake: [212] 971-3485
Market research manager

Wallace C. Carmichael [212] 971-3191
Business manager

Stephen R. Weiss [212] 971-2044
Production manager
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