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Japanese show off calculators 
some with program, others low-priced 
Spring business show in Tokyo leads some industry sources 

to predict prices of $280 and wider popularity of printout devices 

A new wave in the electronics in­
dustry may be in the making. After 
viewing the lineup of inexpensive 
and programed calculators fea­
tured at Japan's spring business 
show in Tokyo, some in the indus­
try predict it won't be too long be­
fore calculators with price tags of 
less than $280 make their debut. 

Also on display in profusion for 
the first time were calculators with 
printers. One effort in this direc­
tion is a dot-type discharge printer 
shown by Canon that uses a matrix 
of styluses to print by discharge on 
special paper. 

The lowest-priced calculator on 
display was a twelve-digit model, 
developed by the Casio Computer 
Co. Ltd., at '$305.56. It multiplies 
and divides by a constant, and has 
a single, although limited, memory 
for accumulating sums. The Nip­
pon Electric Co. and Hitachi Ltd. 
provide the calculator's MOS circui­
try which ranges to LSI. The cost 
was reduced by discarding the 
decimal point from all calculations 
except division, thus trimming the 
amount of control circuits. Opera­
tion of the decimal point during 
division is automatic-dividing 4 
by 3 results in 1.33. 

Of interest among the other low­
priced calculators is the fact that 
Toshiba's calculators have 16-digit 
registers, although only 12 digits 
are displayed. (The MOS IC' s used 
were evidently designed for a 
larger calculator.) One advantage 
is that overflow is less frequent. 
The Canon calculator is the only 
low-priced one with a delay line 
used for registers-the others have 
MOS shift registers. 

New calculators with programs 
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were shown by Sony, Casio, and 
the Sanyo Electric Co. Hayakawa 
showed its auxiliary program units, 
which were announced last autumn 
and first hit the market at the end 
of last year. 

Sony's new 15-digit calculator, 
which will go on sale in September 
for about $920, uses about 250 DTL 
packages rather than hybrid logic 
used in earlier calculators [Elec­
tronics, May 29, 1967, p. 213]. 
There are also 79 transistors and 
117 diodes. Sony says use of mag­
netostriction delay lines enables 
the machine to provide high per­
formance at relatively low cost. 
The delay line provides a total of 
15 registers. The length of the de­
lay line is the same as in the earlier 
calculator, which keeps the cycle 

time the same and doesn't slow 
down calculation. To accomplish 
this, pulses less than one third the 
width of those in the earlier calcul­
ator were used. Pulse width is now 
slightly more than one microsec­
ond, with spacing between pulses 
just a bit greater than the pulse 
width. 

A rare line. The biggest problem 
in producing the memories for the 
new Sony calculator is the trans­
ducer used for writing. The pickup 
head is no special problem, nor 
are associated electronics. The line 
itself must be more stable to en­
sure operation with shorter width 
pulses, and requires a more strin­
gent selection of materials. The re­
sult, however, was an improved 
line with more than three times 

On display. Japanese calculators stole the thunder at Tokyo 
business show; printouts, programing, and lower prices were featured. 
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the memory capacity at a slight 
cost increase. 

The Sony calculator has three 
registers for arithmetic operations, 
one for totals, four for use as mem­
ories, and four for storing pro­
grams, with three additional regis­
ters acting as either memories or 
storage-depending on the number 
of program steps. The calculator 
has a maximum of 111 steps. 

Uses a sample. The calculator is 
programed by running through a 
sample program, during which 
successive operations are stored. 
Variables are either inserted man­
ually from keyboard or stored in 
memory. Constants can be stored 
as part of the program. They can 
also be stored in memory, but this 
wastes memory capacity. The cal­
culator has displays for each of the 
program instructions, so the calcu­
lator can be run through program 
for checking. Individual steps can 
be corrected individually if neces­
sary. Aside from normal steps for 
programs of this type, the Sony 
program also includes a jump. (By 
making use of this jump and in­
serting the appropriate number for 
conh·ol from the keyboard, pro­
grams for two separate sequences 
can be stored at once.) 

Sony says that the large number 
of memories provided in its calc~­
lator makes it possible to obtain 
full use of the program feature, be­
cause intermediate results can be 
stored. It says programed calcula­
tors with fewer memories can't 
perform as well. All the normal 
operations are possible with the 
Sony calculator. It measures 280-
by-145-by-40-millimeters. Weight 
is 16.4 pounds, and power drain 
is 32 watts. 

Casio has announced its 14-digit 
AL-2000, which will go on sale this 
July. It is an improved version of 
the AL-1000, which is programed 
by code numbers through the key­
board. The new calculator can be 
programed either by storing steps 
as one goes through a sample pro­
gram, or by code, as in previous 
models. The program is checked 
against a display tube, which is 
operated in special mode. One 
through nine on the tube have the 
usual meaning, these same num­
bers when combined with the dee-
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imal point in the tube refer to 11, 
12, 13, etc. The numbers refer to a 
program code, which can include 
up to 30 steps; and steps may be 
divided between two separate pro­
gram sequences if desired. This 
calculator has two memories to 
store numbers as well as constants. 
It is expected to cost around $900. 

Like the Sony machine the Casio 
machine has a selection of 14 dif­
ferent instructions, which are 
stored in four bits-the storage ca­
pacity needed for one decimal 
digit. 

Dual memory. Sanyo has devel­
oped a 16-digit, two-memory cal­
culator with up to 64 program 
steps. Constants can be ~tored in 
the program; however, it uses MOS 
shift registers, and all storage 
evaporates when power is turned 
off. Two memory registers allow 
the program steps to be divided 
into separate program sequences. 
It has a printout device rather than 
display tubes. 

Price for the calculator, which 
goes on sale in July, is $1,319.44. 
(A similar machine without the 
program feature costs $1,097.22.) 

Hayakawa Electric Co. showed 
its memorizers, which operate with 
Compet models 22, 32, 33, and 
printing calculator 50. Model 33, a 
variation of model 32, omits the 
automatic square root and sells 
for $736.11. 

When hooked up to a calculator, 
the model 30 memorizer, which 
lists at $305.56, provides 30 pro­
gram steps. The model 60, at 
$444.44, has 60 steps. The units 
each have a total of 16 instructions, 
require six bits of core memory per 
instruction, and store constants in 
program. Displayed instructions 
allow the program to be checked 
at each step. It has a power drain 
of 27 watts. 

Hayakawa says that with its 
memorizers, owners can retrofit 
their calculators for programing or 
attach them only .as needed. On the 
other hand, a memorizer is more 
expensive to operate than a built-in 
program, since two of everything 
is required: for example, two 
power supplies. Look for Haya­
kawa to announce a calculator with 
a built-in program capability later 
this year. 

Switzerland 

Watch out 

Good timing. Light-emitting diodes 
produce readout in stop watch. 

If you've been accustomed to 
shrugging off the Swiss as makers 
of good cheese, chocolate, and 21-
jeweled watches, you'd better start 
yodeling another tune. For deep in 
the picture-postcard mountains 
north of Geneva, those descendants 
of Wilhelm Tell have developed a 
solid state stop watch that not only 
uses integrated circuit logic but 
also a light-emitting-diode digital 
readout. 

About the size of a cigaret pack, 
this little gem, dubbed Telesprint, 
is the latest creation of the 32-man 
staff of Longines Wittnauer's 
sports timing devices group which 
is located in the remote little ham­
let of St. Imier. 

Aimed primarily at the sporting 
crowd, Telesprint can be operated 
manually or actuated from a dis­
tance by such triggering devices as 
starting gates or photo cells. It 
runs for between two and three 
hours on rechargeable nickel cad­
mium batteries or for about 10 
hours when connected to a small 
battery pack similar to a photogra­
pher's flash unit power supply. 
Timing is to 0.01 second; the de­
vice can also be used for split­
action timing. 

At the heart of the stop watch is 
a quartz crystal oscillator which is 
used as a time base. Equally inter­
esting is the use of Hewlett-Pack­
ard's light-emitting diodes for digi­
tal readout. These gallium arsenide 
diode-matrix devices can be easily 
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read in daylight from a distance of 
several feet as well as at extremely 
wide vertical and horizontal off­
axis viewing angles. 

Because of power consumption, 
the Telesprint display can be 
turned off during a timing and 
turned on again when a reading is 
desired. 

Although Telesprint is intended 
primarily for sports timing, Lon­
gines officials have already talked 
with spokesmen for the National 
Aeronautics and Space Administra­
tion in the U.S. about possible use 
of the stop watch in space applica­
tions where precise timing is also 
a necessity. 

No firm price has been set for 
Telesprint, but a Longines spokes­
man says that in the U.S. it may 
sell for about $700. 

France 

Components shortage 

Consumer demand in Germany, 
France and elsewhere, coupled 
with the growing electronics needs 
of basic industries, has created se­
vere shortages in components rang­
ing from copper wire to semicon­
ductors. 

"We have orders for 1,000 color 
sets which we can't fill because we 
lack the components to make 
them," says Guy Desborde, director 
of the television department of the 
Thomson-Brandt Group, France's 
largest tv producer with 30% of 
the market. With the exception of 
speakers and picture tubes, just 
about every component in a color 
tv set is in short supply, he says. 

Marc Schneider, vice president 
of Societe Schneider Radio-Televi­
sion, says he first noticed the situa­
tion at the end of 1968. "At first we 
lacked transistors," he says, "but 
the shortage is now spreading to 
resistors, capacitors and other clas­
sic components." 

Responding to pressure at home, 
such German companies as Sie­
mens, Telefunken, and Intermetal, 
which traditionally export compo­
nents to France, have shut off ex-
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ports and started importing French 
components-in a sense, throwing 
salt on the wound. At the big com­
ponents show held in Paris every 
spring, "we usually have several 
dozen German companies who stop 
by, wanting to sell us components," 
says an official of the French Elec­
tronics Trade Association. "Th~ 
year," he says, "we saw only one." 
Holland's Philips Gloeilampenfab­
rieken is also understood to have 
dried up its normal flow of com­
ponents towards its French con­
sumer products subsidiary, La Ra­
diotechnique. 

Christmas gift. In France, elec­
tronics industry sources generally 
agree the root of the problem lies 
in the phenomenal consumer de­
mand that developed before Christ­
mas. It was primed by the 12% 
average wage hikes that French 
workers won in last summer's 
strikes and was fed by consumer 
fears of a franc devaluation. "Ev­
erybody thought there would be 
a production slowdown after last 
May's revolt," says an official of 
SGS-France, the French subsidiary 
of Italy's Societa Generale Semi­
conduttori. "But tv sales were never 
as strong as at the end of 1968." 

Some 18,000 color tv sets were 
sold in France during the first 
quarter of this year against only 
7,000 in the same period of 1968. 
This growth accentuates the de­
mand for components because a 
color set "takes three to four times 
as many components" as a black 
and white set, says one French 
manufacturer. And the lack of one 
little component can stop the whole 
assembly line. . 

Growing trend. Equally impor­
tant, say industry officials, is the 
growing trend for non-electrical in­
dustries to use electronic compo­
nents. Transistors are showing up 
in clocks and windshield wipers. 
Machine tools, process control 
equipment, and other products are 
making increasing demands on the 
output of component makers. And 
electronic equipment makers who 
formerly used tubes and relays 
are switching more and more to 
semiconductors-the area in which 
European components supplies are 
the tightest. 

Declining prices over the past 
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few years made semiconductor 
manufacturers wary of investing in 
new production capacity. However, 
as demand has risen, prices have 
stabilized; but producers now can 
no longer keep up with market de­
mand. 

Full stream. The Toulouse plant 
of Motorola Semiconductor Prod­
ucts Inc. is operating at maximum 
capacity during two shifts. A third 
shift is virtually impossible in 
France because willing night work­
ers can't be found, says Henri 
Marziale, Motorola's sales man­
ager in France. "We are constantly 
increasing our capacity," says 
Marziale, "but the present market 
situation is making us expand more 
rapidly than we had planned." He 
figures the present semiconductor 
shortages could last as long as two 
more years, as tv sets and other 
products become more and more 
transistorized. 

Motorola's French plant has not 
previously made germanium tran­
sistors for television tuners but has 
now started turning them out due 
to heavy customer demand. Other 
manufacturers are more wary about 
expanding. An SGS official says, 
"It's risky. We want to produce 
just enough and no more-other­
wise in a year we'll have a surplus 
and prices will start falling again." 

Share fear. The French Electron­
ics Trade Association shares this 
fear. Component delivery delays 
of three months and longer are 
making customers place the same 
orders with several suppliers to 
protect themselves. "It's difficult 
to say how much people are buy­
ing for their present needs and how 
much they're hedging against the 
future," says an association official, 
who fears components makers 
could be overproducing by the end 
of this year. 

Several European governments 
have been taking measures to cool 
consumer spending. The French, 
for example, have cut credit pay­
ments on color tv sets from a max­
imum of 24 months to only 18 
months. 

Anxious to eliminate the compo­
nents shortages but, at the same 
time, forestall overproduction, the 
French Trade Association has 
launched a study of market forces 
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and hopes within a few weeks to 
come up with a plan to accomplish 
both feats. "We need a quick de­
cision," says an official. "It takes 
time to build components plants." 

Great Britain 

Gunn channel 

For 14 years the British army has 
been using truck-borne electron 
tube equipment for line-of-sight 
radio-telephone communications 
between forward battle positions 
and military encampments in the 
rear. Next year this will all change: 
the Army is retiring its bulky, 
rather antiquated system in favor 
of a solid state transceiver. The 
odds-on choice is a unit that uses 
a local oscillator based on a Gunn 
diode in the receiver section. 

Compared to older klystron­
based systems, the new transceiver, 
developed by John Johnson for the 
government's Signals Research and 
Development Establishment, is 
smaller, lighter iby about 50%, and 
requires less power to operate over 
the same 25-mile line-of-sight 
range. For example, a klystron con­
sumes 100 watts of power supplied 
by a power pack weighing 45 
pounds; its solid state replacement 
uses only 15 watts and can run 
directly from a 12- or 24-volt bat­
tery pack. Further, the 14-year-old 
communicator has only four tele­
phone channels at 4 gigahertz 
while the successors have a ca­
pacity of 16-pulse-code-modulated 
channels at 8 Ghz. 

Currently, three breadboard 
models measuring 15 x 9 x 8 
inches are being evaluated by the 
British Ministry of Defense, but 
Johnson has revamped the compo­
nent layout to reduce the trans­
ceiver's size to 15 x 41h x 41h 
inches for production models. 

Dish it out. The antenna for the 
system is an 18-inch dish with 27-
decibel gain. The dish is carried 
on top of a telescopic mast which 
can be raised 40 feet. 

The transceiver, apart from the 
local oscillator, is fairly conven­
tional. The transmitter power re-
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Line of sight. Gunn diode featured 
in receiver portion of new transceiver 

quirement is beyond the capability 
of a Gunn diode so a varactor har­
monic multiplier chain, which 
meets the army's all-solid-state 
specification, is used. A 7-watt in­
put gives 0.25 watt output. 

The receiver is an orthodox 
superhet using a triline rate-race 
ring mixer which has a noise figure 
of 7 db. The mixer takes 2 milli­
watts of local oscillator power 
through a 3-db line attenuator from 
a standard Mullard Gunn diode. 
The receiver has a bandpass of 
1 megahertz-sufficient for a fre­
quency~modulated carrier with a 
maximum information switching 
rate of 600 kilobits per second, the 
equivalent of 16 pcm telephone 
channels. To minimize jamming, 
the receiver should be tuned 
through a range of 250 Mhz. 

Keystone. The local oscillator 
resonates at 50 Mhz below signal 
frequency. Johnson has mounted 
the Gunn diode within a quarter­
wave coaxial resonator; it's the 
combination of methods he has 
devised to tune the resonator over 
the 250-Mhz range that he believes 
is the unique feature of the system. 

The diode is inside the center 

post of the resonator, but is not 
fixed to it. To provide for initial 
adjustment of the diode within the 
center pos't, the local oscillator 
body has a movable and lockable 
end-plate coupled to a shaft that 
extends through the local oscillator 
body into the center post. The di­
ode is attached to the shaft, and 
when its desired frequency is 
reached, the end-plate is locked. 

Preliminary preset tuning ad­
justment to the nominal frequency 
is obtained by tuning-screw adjust­
ments. The frequency of the Gunn 
diode oscillator can be phase­
locked by a varactor diode. But to 
minimize heat problems, the var­
actor is separated from the cavity 
by a half wavelength; at that dis­
tance it's the same electrically as 
if it were right in the cavity. 

Discovery. To vary the charac­
teristic impedance of the cavity, the 
diameter ra'tio of the two coaxial 
elements-inner and outer 'Conduc­
tors-has to be varied. Electrically, 
this can be achieved by moving 
only part of the wall of the outer 
conductor relative to the inner con­
ductor. Physically, it is not easy 
to arrange for a sizable portion of 
an outer diameter to close in evenly 
and regularly on an inner diameter, 
but because Johnson had to obtain 
tuning over only a narrow fre­
quency band he found that satis­
factory electrical variation was pos­
sible by moving only a small seg­
ment of the outer diameter wall 
toward the inner conductor. 

The segment is small enough-
200 -to move in and out as a single 
shutter block, extending over the 
length of the cavity, with its edge 
parallel to the center post axis. 
In this way, ground-plane capaci­
tance of the center conductor in­
creases uniformly as the shutter 
moves toward it. 

With the cavity diameters used 
by Johnson, 50 mils of movement 
of the shutter toward the center 
post give 250-Mhz tuning. The re­
lationship is highly nonlinear, and 
in the production versions for op­
erational use it will be linearized 
relative to the screw adjustment 
by the profile of a taper in the 
mechanical linkage between screw 
and shutter. Mechanical tolerances 
have to be tight-about 0.5 mil. 

Electronics I June 9, 1969 



Electronics advertisers 

A C D C Electronici; 83 
Chiat/ Day, Inc. Adv. 

Acopian Corp. 129 
Mort Barish Assoc. 

ADC Products 63 
John Gompper & Assoc. 

o Adret Electronique 32E 
Perez Pu blicite 

o Alcatel 9E 
Agence Rene Sicard 

Alco Electronic Products, Inc. 187, 189, 191 
Marketronics Adv. 

Allen-Bradley Co. 29, 31 
Fensholt Adv. Agcy. 

American Telephone & Telegraph 
Co.-Yellow Pages 20 
Cunningham & Walsh , Inc. Adv. 

•Ammon Instruments, Inc. 192 
Culver Adv., Inc. 

• Amperite Co. 146 
H . J . Gold Co. 

Anaconda American Brass Co. 22, 23 
Wilson, Haight & Welch, Inc. 

Andrew Corp. 74 
Fensholt Adv., Inc. 

Arnold Engineering Co. 42, 43 
Buchen Adv., Inc. 

Astrodata, Inc. 162 
Jansen Assoc., Inc. 

Ates Componenti Electtronici, S.P.A. 20E 
Publicitas 

Avtel Corp. 56 
Tri-Tech/Services 

• Beckman Instruments, Inc., Helipot Div. 88 
N.W.Ayer/Jorgensen/MacDonald, Inc. 

Bendix Corp., Semiconductor Products 
Div. 132 
MacManus, John & Adams, Inc. 

Bishop Graphics, Inc. 192 
J . R. Bloome Co. 

• Blue M Electric Co. 191 
South Suburban Advertising 

Booroton Electronics Corp. 170 
The Creative Group 

Bourns, Inc., Trimpot Div. 149 
Lester Co., The 

• Brush Instruments Div. of Clevite Corp. 131 
Carr Liggett Adv., Inc. 

• Bulova Watch Co., Electronics Div. 64 
Caroe Marketing, Inc. 

Bunker-Ramo Corp., The 3rd Cover 
Marsteller, Inc. 

• Bussmann Mfg. Div. of 
McGraw Edison Co. 86 
Henderson Adv. Co. 

• Cerro Copper & Brass Co. 
Feeley & Wheeler, Inc. 

• Clevite Corp., Piezoelectric Div. 
Carr Liggett Adv., Inc. 

CMC, A Div. of Pacific Industries 
Jones, Maher, Roberts, Inc. 

Codex Corp. 
Creamer, Trowbridge, Case & 
Basford, Inc. 

Cohu Electronics, Inc. 
Control Products Div., Texas 

Instruments Incorporated 
Horton, Church & Goff, Inc. 

o Cosmicar 
DC.R.C. 

IRP 
CREI, Home Study Div. of the 

McGraw-Hill Book Co. 
Henry J . Kaufman & Assoc. 

CTS Corp. 
Reineke, Meyer & Finn, Inc. 

Damon Engineering, Inc. 
L. K. Frank Co., Inc. 

• Data Technology, Instrument Div. 
Coakley Heagerty, Inc. 

Delta Products, Inc. 
Noble De Roin & Assoc. 

Digital Equiproent Corp. 
Kalb & Schneider, Inc. 

o Dow Corning International Ltd. 
Marsteller International S.A. 

189 

193 

61, 62 

49 

166 

208 

28E 
12E 

179 

210 

109 

174 

184 

152 

16E, 17E 

DuPont de Nemours & Co., Freon Div. 130 
N. W. Ayer & Son, Inc. 

Eastman Kodak Co., Technical 
Corporate Adv. 
Rumrill Hoyt, Inc. 

o Ebauches S.A. 
Claude Langel 

E G & G Incorporated 
Culver Adv., Inc. 

EL Instruments, Inc. 
Froehlich Adv. Services 

Elasco, Inc. 
Harold Schuman Studio 

Elco Corp. 
Schaefer Adv., Inc. 

Electronics I June 9, 1969 

177 

25E 

7 

136 

154 

41 

June 9, 1969 

Electronic Memories 200 
Chiat/Day, Inc. 

E/ MC Electronics/ Management Center 126 
Slesar & Kanzer, Inc. 

Emerson & Cuming Inc. 178 
Edwin F. Hall 

Erie Technological Products Co., Inc. 39 
Arthur Schmidt International, Inc. 

Fairchild Controls 135 
Dunwoodie Assoc ., Inc. 

Fairchild Semiconductor, 
Inc. 10, 11, 66 to 73, 150, 151 
Chiat / Day, Inc. 

o Ferisol 202B 
Agence Domenach 

• Fluke Manufacturing Co., John 14 
Bonfield Assoc. 

Fluoroware 193 
Colle & McVoy Adv. Agcy., Inc. 

Gardner-Denver Co. 24, 25 
Buchen Adv., Inc. 

Gencom Division- Whittaker Corp. 140 
A. D. Adams Adv., Inc. 

General Electric Co., 
Silicone Products Div. 82 
Ross Roy of New York, Inc. 

c General Electric Co. 29E 
Robert S. Cragin, Inc. 

• General Instrument Corp., 
Semiconductor Products Div. 46 
Norman All en Assoc . 

General Magnetics, Inc. 55 
Carpenter, Matthews & Stewart, Inc. 

General Radio Co. 2nd Cover 
Horton Church & Goff, Inc. 

Hayakawa Electric Co., Ltd. 185 
Dai-lch i International, Inc. 

Heinemann Electric Co. 6 
Thomas R. Sundheim, Inc. 

• Hewlett Packard, Frequency 
& Time Div. 2, 102, 103, 104 
Lennen & Newell, Inc. 

•Hewlett Packard, Loveland Div. 147, 180 
Tallant/Yates Adv. 

• Hewlett Packard, Palo Alto Div. 168 
Lennen & Newell, Inc. 

• Hewlett Packard, Rockaway Div. 134 
Culver Adv., Inc. 

• Hewlett Packard, San Diego Div. 
Lennen & Newell, Inc. 

Honeywell, Computer Control Div. 34 
Creamer, Trowbridge Case & Basford, 
Inc. 

Hughes Aircraft Co. 40 
Foote, Cone & Belding 

I B M Corporation 65 
Ogilvy & Mather, Inc. Adv. 

• International Crystal Mfg. Co. 137 
Robert V. Freeland & Assoc. 

• lthaco, Inc. 208 
Hart-Conway Co., Inc. 

ITT Wire and Cable 159 
MacManus, John & Adams, Inc. 

Judson Research & Mfg. Co. 195 
Williams and Avery Adv. Agcy. 

• Kepco, Inc. 81 
Weiss Advertising 

•Lambda Electronics Corp. 17, 18, 19 
Michel Cather, Inc. 

Lockheed Electronics Co. 156 
Mccann-Erickson, Inc. 

Loeb, Rhoades & Co. 194 
Doremus & Co. 

o LTT lOE, llE 
Promotion-Vente-Publi c ite 

Marconi Instruments 128 
McCarthy, Sce lba & DiBiasi Adv. 
Agcy., Inc. 

o Marconi Instruments Ltd SE 
Taylor Advertising Ltd. 

Markel & Sons, L Frank 164-165 
George Moll Adv. Inc. 

Metrodata Systems Inc. 141 
Robert V. Freeland & Assoc iates 

Microdot Incorporated 182-183 
Gumpertz, Bentley & Dolan 
Advertising 

Monsanto Company 47 
Michel Cather Inc. 

o Morgan Group, The 24E 
Scientific Advertisi ng & Marketing 
Ltd. 

Mosaic Fabrications Div., 
The Bendix Corp. 127 
Van Christo Associates Inc. 

• Motorola Communications & 
Electronics Inc. 195 
Griswold Eshleman Company 

Motorola Semiconductor Products 
Incorporated 12-13 
Lane & Bird Adv. Inc. 

M & T Chemicals Inc. 195 
Marsteller Inc. 

National Semiconductor Corp. 78·79 
Hall Butler Blatherwick Inc. 

o Omron Tateisi Electronics Company 6E-7E 
Dai-lchi International Inc. 

o Onan Division of Studebaker Corp. 19E 
Campbell Mithun Inc. 

o Oltronix Svenska 21 E 

Patwin Electronics 188 
Graceman Advertising Inc. 

• Permag Corporation 172 
Schneider, Allen, Walsh 
Incorporated 

Philco Ford Company, 
Microelectronics Division 171 
The Aitkin-Kynett Company Inc. 

Philco Ford Corporation 
Sierra Electronics Operation 27 
Hal Lawrence Inc. 

• Plastic Capacitors Inc. 176 
Sander Rodkin Adv. Agency Ltd. 

• Potter & Brumfield Div., 
American Machine & Foundry Corp. 32·33 
Grant, Schwenck & Baker 
Incorporated 

•Power/Mate Corporation 148 
Caroe Marketing Inc. 

Precision Instrument Co. 144 
Hal Lawrence Inc. 

Precision Paper Tube Co. 60 
T. W. Blakeslee Advertising 

Radiation Inc. 57 
W. M . Zemp & Assotiates Inc. 

Radio Corporation of America 4th Cover 
Al Paul Lefton Co. 

Raytheon Semiconductor 59 
Botsford, Constantine & McCarty Inc. 

• RCL Electronics Incorporated 176 

• Re~v":;~~s~u"~~~s;~~~.?;:~cy 138 
Duncan-Brooks Inc. 

Remvac Components Inc. 36 
Caroe Marketing Inc. 

R F Communications Inc. 193 
Beachner Advertising Agency 

o Rohde & Schwarz lSE 

Sage Electronics Corporation 
Mathison Advertising Inc. 

• Sangamo Electric Company 
Wini us Brandow Co. 

o Schlumberger Ltd. EMO 
o Schlumberger SIS 

Sodipa 
o Schlumberger SOMV 

T. B. Browne Ltd. 
o Schneider R. T. 

Noirclerc Publicite 
Scientific Data Systems 

Doyle, Da ne, Bernback Inc. 
o Sercel 

Termont Technique 
S. H. Couch Division, 

ESB Incorporated 
Culver Advertising Inc. 

Sifco Metachemical 
The W. N. Gates Company 

Signetics Corp. 
Sub. Corning Glass Works 
Cunningham & Walsh Inc. 

Siliconix Inc. 
Graphics West 

o Sogie 
Etudes et Creations Publicitaire 

o Sola rtron Electronics Group Ltd. 
T. B. Browne Ltd. 

o Solartron Electronics Group Ltd., 
Digital Instrumentation 
T. B. Browne Ltd. 

o Solartron Electronics Group Ltd., 
Hybrids 
T . B. Browne Ltd. 

30 

167 

2E 
202A 

4E 

31E 

50 

14E 

85 

172 

125 

15 

23E 

3E 

13E 

• Sorensen Operation Raytheon Company 
Urruti a & Hayes Inc. 

15E 

77 

Space & Systems Div. 
General Time Inc. 
Alden Adv. Agcy, Inc. 

• Spectrol Electronics Corp. 
J M R Incorporated 

o S. P. Elettronlca 
Studio Sergio Rosata 

9 

7 

26E·27E 

207 



New current & voltage sensor cuts circuit protection costs. 
This new electro-magnetic device 
senses excessive current or voltage 
overloads. It provides a low-level 
output switching (10 watts max, 50 
V DC or 24 V AC) to activate warn­
ing devices or magnetic circuit 
breakers. The 2SC can respond in 
one millisecond in instantaneous 
configurations or provide up to 100 
sec delay at 200% overload when the 
hydraulic / magnetic time-delay fea­
ture is specified. Requiring only one­
fifth the power of a breaker, it re­
duces wiring costs substantially. 
The output switching is hermetically 
sealed. 
Available in ratings from 0.001 to 

100 amps and 3 to 60 volts, this T.I. 
development meets demands for re­
mote and multi -channel sensing in 
data process equipment, aircraft, 
military communications, machine 
tool and other automatic machinery. 
KLIXON ® 2SC sensors cost about 
35% less than equivalent breakers, 
but are two to three times more ac­
curate, thanks to a patented calibra­
tion technique. 
Bulletin CIRB 36 contains complete 
data. Write for your copy today to 
T. I. Control Prodncts qr 
Division, Attlehoro, 
Mass. 02703, or phone 
( 617) 222-2800, Ext. 368. 

TEXAS INSTRUMENTS 
INCORPORATED 
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ITHACO builds and stocks a com­
plete line of low-noise preampli­
fiers and compatible postamplifiers. 
Existing designs can be rapidly 
adapted to your special require­
ments at reasonable cost. 
Some of the things we do best are reflect­
ed in our line of standard products 
• b•ndwldtha from .0001 Hz to above 1 

MHz 
• state-of.the-art nolae perform•nce at 

any Impedance level 
• volt•ae or chuge Inputs; single ended 

or dllferentlel 
• fully automatic, ,\uto-Galn*, computer­

oriented, data acquisition 1y1tem1 
•Registtrtd trademark 

Someone builds 
an amplifier 
that's just a 

little bit better ... 

Ithaca's 
the One! 

Typical application for lthaco's amplifiers 
include: 
Shock & Vibration-Acceleration, velocity, 
displacement, dynamic strain 
Acouatlca-ln air or underwater 
Seiamlc-Long and short period systems 
Sclentlflc-lnfra-red, bio-medical ... any 
dynamic phenomena 
O.E.M.-ln any quantity 

Write or phone for complete specifica­
tions, prices, and application Information: 

_. :01 272-7640 

~THAC01Nc. 
413 TAUGHANNOCK BLVD •• ITHACA, N. Y.14850 
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100 years after the 
Golden Spike ... 
Utah is still the state 
of innovative minds 

\ 
\ 
\ ANTA FE 

ALBUQUERQUE 

Just a century after conquering a continent 
at Promontory, Utah, men of caliber and 
vision have turned their minds and energy 
toward new technological conquests in Utah. 

Datacap and I-T-E Imperial are just a few of 
the companies that have discovered Utah 
for technical talent and plant development. 

They all give high grades for Utah's 
productive labor; The idea of iron rails spanning the continent 

must have seemed as remote to a " forty· 
niner" as the notion of man soaring to the 
moon seemed to many only ten years ago. 

They find recruiting easy from Utah 's pool 
of Technical Talent; 
Utah also offers: 

Just as Utah gained its niche in the annals 
of rail transportation, so too Utah is 
becoming a center for space-age technology. 

•Guaranteed Engineering Talents • 
Productive, Trainable Workers • High 
Educational Achievement • Favorable , 
Balanced Taxes • Stable, Uncongested 
Communities. 

Univac, Eimac, General Instrument, Thiokol, 
Signetics, Hercules, Litton, Marquardt. 

r----------------------------------------

Win the WE$T •• frGm 

UTBH! 

: For more information, call or write: 
I 
I 
I 
I 
I 
I 
I 
I 

Governor Calvin L. Rampton 
Depl 1 19 I State Capitol 
Salt Lake City, Utah 84114 

Name ..................................... . 

Company .............. ..... . 

Type of Business 

Address .. .. .......... .. 

City, State, Zip 
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Now ... with CTS Cermet Multi-Turn Square 
Trimmers you get Characteristic C Mil -spec 
performance for all military applications. All new 
series 165 (style RJ24) and series 175 (style RJ22) 
meet tough Characteristic C of Mil-R-22097C. These same 
environmental characteristics are available . . . at lower cost ... 
for commercial and industrial applications. 

Both small %"-square series 165 and compact Y," -square series 175 trimmers assure infinite 
resolution over a 20 ohm to 2.5 megohm range . . . and power rating of Y, watt @ 85"C. 
TC ± 150 ppm/'C for 2k ohms and above. - 0 +175 ppm/'C from 50 ohms through 
250 ohms and -O +250 ppm/°C from 500 ohms through 1 k ohm. 
All available at no extrn cost. 

Low cost*, proven quality, and top performance - combined with -
fast distributor delivery-make CTS your best industrial trimmer choice. 
Can't use one of our standard series? Ask how we can solve !!Pecific applii;:ation 
problems. Call or write for complete details to CTS of Berne .. Inc .. Berne, Indiana 
46711. Phone (219) 589-3111 . 

*Check these prices for 4 -6 week production delivery. (Small 
quantities from stock) 

Series 165 Series 175 

Quantity 25-49 1000 25-49 1000 c TS CORPORATION 
each) (each) (each) (each) 

Commercial ( ± 20% Toi.) $4.55 -$3 .25 $4.20 $2.95 

MIL-type ( : 10% Tol., 5.30 3.80 5.10 3.65 
Char. C) Elkhart, Indiana 

Other CTS Cermet Trimmers include: 

~ 9f:i1' ~ ~ \ CJ ~ "' 

Series 185 Series 190 Series 340 Series 360 Series 385 Series 660 Series 630 
1-Y." x .290" x .364" %" x .160" x .310" %" x %" square x .270" 7/ 1• " x 17!.4 .. x "/•4 11132" round x .225" %" round x Y." high- %" round x 13/Ji " high-

multi-turn multi - turn high- single -turn single-turn high- single turn single -turn single -turn 
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With Film-Met, 
only t 
is t e 

Inside, it's a 
whole new trimmer. 

The element* is made by an exclusive 
Amphenol patented process. We use a vacuum 

deposition chamber to evaporate 1003 metal alloys 
onto insulating substrates-then protect them against 

oxidation with noble metal overlays. 
The result is trimmer performance neither wirewounds 

nor cermets can match. Only Film-Met™ offers both 
infinite resolution and a low temperature coefficient 
of 100 ppm/°C. (50 ppmj°C is available on request.) 

Film-Met trimmers have excellent high frequency 
and pulse characteristics and .low contact resis­

tance variation. Their low thermal and current 
noise features are C<?mparable to metal film 

fixed resistors. 
The new Amphenol Film-Met trimmer line 

isn't designed to replace wirewounds and 
cermets in every application. What 

Film-Met performance does is elim­
inate circuit design compromise. By 
adding these trimmers to our line of 
cermets and wirewounds, we can 
now match your performance needs 
perfectly. 
To see how Film-Met trimmers per­
form, contact your local Amphenol 
distributor or sales engineer. Or write 
to Amphenol Controls Division, 
Janesville, Wisconsin. 
This could b~ what you've been wait­
ing for. A whole new trimmer! 
fihn-MetTM by Amphenol 

*U.S. Patent No. 3,353, 134; also foreign patents. 
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First 200 MHz 
IC Amplifier 
Array 

RCA-CA3049 lor-55°to125°C operating temperature, $1 .95 (1,000 units) 

RCll 
Integrated 
Circuits 

Here's another of RCA's growing family of " building 
block " IC's - usable as high-speed sense amplifiers, 
low noise IF and RF amplifiers, balanced mixers, 
wideband amplifiers, oscillators, and many more . 

It's the RCA-CA3049-a pair of differential or 
cascode amplifiers on a single chip. Each amplifier 
provides a transducer power gain of 23 dB (typ.) in 
a cascode connection at 200 MHz with a current of 
only 2 mA. This unit-useful to 500 MHz-marks 
another " first " for RCA stemming from new high­
frequency IC design and production techniques. 

Ask your local RCA Representative or your RCA 
Distributor for details. Or for complete technical 
information, write RCA Electronic Components, 
Commercial Engineering , Section ICN6-l, Harrison , 
N. J . 07029. 

RCA Linear Arrays for Design Flexibili ty 

RCA-CA301 B Two isolated transistors 
plus Darlington pair $ .98 (1000 units) 

RCA-CA301 BA Same unit with perform-
ance characteristics con-
trolled from 10 µA to 10 mA 1.35 (1000 units) 

RCA-CA3026 Dual independent diff 
amps for DC to 120 MHz 1.25 (1000 units) 

RCA-CA3045 3 isolated transistors and 
1 diff pair for -55 ' to 
I 125 ' C operation, DC to 

VHF (DIC package) 1.50 ( 1000 units) 
RCA-CA3046 Same as CA3045 but in 

dual -in-line plastic pack-
age (O ' C to + 75 ' C 
operation) 

RCA-CA3050 Two Darlington­
connected diff amps with 
diode bias string: -55' to 
+ 125' C, DC to 20 MHz 

.98 (1000 units) 

operation (DIC) 2.25 (1000 units) 
RCA-CA3051 Same ci rcuit for O' C to 

+ 75 ' C operation(DIP) 1.65 (1000 units) 
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