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If you simply need something that w ill put out a signal at some frequency with reasonable accuracy,

OUffUT UVEt ;

buy one of our many oscillators. But if you want superior performance in a truly versatile laboratory 
signal source that can tackle practically any job, you want one of our synthesizers —  the 70-MHz Type 
1164-A, or one of our other models that cover ranges up to 100 kHz, 1 MHz, and 12 MHz.

These synthesizers give you quartz-crystal stability, a frequency settable from 3 to 9 figures or more, 
manual or e lectrical sweeping, fla t output, and programmability (if you need it). In short, these signal 
sources will do the job for you with a minimum of complications and without need fo r time-consuming 
corrections to improve accuracy of results —  yet the price is within reach.

Here are features of our 70-MHz synthesizer, the latest in our series:

*  Frequencies Up To 70 MHz
10-kHz to 70-MHz output with resolution as fine as 0.1 Hz. Internal 
crystal-controlled oscillator may be phase-locked to external standard 
frequency.

*  Electrical Sweeping and Manual-Search Capabilities
Continuously Adjustable Decade (CAD) allows a portion of the fre­
quency range to be swept manually or electrically. The CAD will 
functionally replace any d ig it up to  1 MHz for sweep widths from a 
megahertz to a fraction of a hertz. This module also adds at least 2 
places of resolution beyond the last decade.

*  Leveled, Monitored Output That Can Be Remotely Or
Manually Controlled
Output is adjustable from 0.2 to 2 V behind 50 £2 and is monitored by 
a panel meter. Level is held constant w ithin ±0.3 dB for all load and 
frequency variations and can be adjusted manually from the front 
panel or remotely by a potentiometer or a dc control voltage.

•  Modular Construction
Buy only the resolution you require; add modules as your require­
ments expand. Modules may be easily removed or interchanged for 
servicing or calibration to cut down time to practically zero.

•  Other Features
Remotely programmable (optional) . . . Can operate from ac line or 
battery for field use . . . In-line, easy-to-read numerals . . . GR-quality 
construction . . .  A ll in 5'/< inches of rack space.

•  Now Look At The Price
Prices start at $4745 for the simplest 3-decade, 70 MHz model; the most 
complete model costs $7515.

Other GR synthesizers in the series:
Type 1161 — dc to 100-kHz Synthesizer $3640 to $6590
Type 1162 — dc to 1-MHz Synthesizer $3775 to $6725
Type 1163 — 30-Hz to 12-MHz Synthesizer $3895 to $6755

Write for complete information

0ST0N . NEW YORK . CHICAGO . PHILADELPHIA . WASHINGTON, D.C. 1  C  K l  C  D  I  D  A  1 " ^  |
SYRACUSE • DALLAS • SAN FRANCISCO • LOS ANGELES • ORLANDO 1  v 7  E  I 1  E  IV E | \  I

CLEVELAND • TORONTO • MONTREAL

BOURNE END, ENGLAND ZURICH, SWITZERLAND I  W E S T  C O N C O R D ,  M A S S A C H U S E T T S
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found-
in a new series of
high-performance
signal conditioning equipment...

Getting accurate low-level signals from a transducer into to­
day’s high-performance data acquisition systems was always 
a problem ... until the new Hewlett-Packard 2480 Series Signal 
Conditioners came along.
The 2480’s are flexible, operate more accurately in the pres­
ence of noise, are compact and completely self-contained, 
offer performance never before available for improving the use­
fulness of transducer signals and increase the value of even 
the most sophisticated data acquisition systems.
This combination of features makes the 2480 Series provide 
the data acquisition missing link:

■  Stable built-in transducer excitation source, constant current/constant 
voltage, plus a unique linear mode for single active arm bridges

■  Plug-in signal conditioning card flexibility for a wide variety of trans­
ducer configurations

■  Fully floating and guarded for conditioning noisy signals (can't contribute 
to common mode problems)

■  All this in a single, rugged package that fits 10 to 5 Vi"-high rack
■  Operates under extreme environmental conditions

The first instruments in the series include dc excitation, re­
sistance bridge balance and calibration, excitation coupler and 
monitor selector. . .  everything you need for fast, efficient 
operation of data acquisition systems working in a broad net­
work Of measurement points. Excitation modules can be ad­
justed to drive up to five conditioning units. Additionally, the 
excitation coupler allows you to excite a number of transducers 
and condition a number of signals with a single external 
power supply.
Hewlett-Packard’s experience with high-quality, standard data 
acquisition systems led its Dymec Division to develop this new 
instrumentation, formerly a limitation on overall system accu­
racy. You owe it to yourself to check a data sheet on the flexible 
2480’s and accessory equipment. Excitation/conditioning units 
with individual built-in power supplies are available, priced 
from $310 per channel.
Call your Hewlett-Packard field engineer for complete informa­
tion or write Hewlett-Packard, Palo Alto, California 94306, 
Tel. (415) 326-1755; Europe: 54 Route des Acacias, Geneva.
Data subject to change without notice. Prices f.o.b. factory.

H E W LETT
P A C K A R D D Y M E C

D I V I S I O N
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The day Sierra announced this...
Delay distortion became a new issue in the maintenance campaign 
when data crossed paths with your carrier system. To insure clear, 
coherent communications, you need all the inside information you 
can get about each individual transmission circuit. Unknown en­
velope delay, in particular, can easily garble those well-ordered bit 
formations into a meaningless shower of babble.

Sierra’s new Model 340B helps keep your system tuned to peak 
performance. It measures delay from 300 Hz to 110 kHz, permitting 
measurements both on 4-kHz voice circuits and on circuits utilizing 
group frequencies (60-108 kHz). You have a built-in choice of three 
measuring modes: end-to-end, loop-back, or end-to-end with return 
reference path.

Model 340B opens a new frontier of speed and simplicity with 
such features as:

—  Single delay range covering —20,000 to +20,000 ^sec
—  Direct digital readout with resolution of 0.1 /xsec or 1.0 /xsec 

A second digital readout indicates carrier frequency to the nearest 
10 Hz. Electronic sweeping and a built-in 1-MHz frequency counter 
(±1  digit, ±1 Hz accuracy) round out a solid list of performance 
features. Price, with one modulation frequency: $4,750.

For the campaign literature, write Sierra/Philco, 3885 Bohannon 
Drive, Menlo Park, California 94025.

other ways of measurini 
envelope delay on carri< 
circuits became as date 
as this

P H IL C Q
PHILCO-FORO CORPORATION 
Sierra Electronic Operation 
Menlo Park, California • 0-4025
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Circuit design 68 Computer-aided design: part 2 
The computer excels as analyst
The job the computer handles best in circuit design 
is that of analyst and critic. It can improve the 
designer's circuit through a wide range of 
tested programs
Arnold Spitalny, Norden division, United Aircraft 
Corp.

Circuit design 75 Pairing Schmitt triggers produces lower hysteresis 
and faster switching
For detecting low-level signals, pairs of triggers 
provide high speed switching and fast cycling—  
performance unattainable with the conventional 
Schmitt trigger
Thomas Weisz, Philips Laboratories

Circuit design 80 Designer’s casebook
■ Switch converts multivibrator from astable 
to one-shot
■ Feedback turns fixed capacitor into variable 
capacitance
■ Age amplifier handles 60-db range
■ Time will tell how fast a motor revs
■ Scr lowers cost of oven control
■ Forward feed stabilizes d-c amp

II. Application

Instrumentation 88 Digital meters for under $100 (cover)
An engineer designs an “ everyman’s" miniature 
voltmeter and counter with off-the-shelf IC’s 
Hermann Schmid, Defense Electronics division, 
General Electric Co.

Instrumentation 95 Low-frequency noise predicts transistor failure
Noise measurements, not statistical values, 
forecast the lifetime of transistors 
Albert van der Ziel and Hu Tong, University of 
Minnesota

Meteorology 98 Ghost balloons riding the skies will report 
the world’s weather
Globe-circling balloons equipped with simple, 
inexpensive tracking and telemetry equipment are 
vital to the long-range weather forecasting project 
known as Ghost
Ernest W. Lichfield and Robert W. Frykman 
National Center for Atmospheric Research
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Readers Comment

Great pretenders
To the Editor:

The article [Oct. 31, p. 100] by 
Alex Martens describes what must 
be some of the unavoidable con­
clusions of any qualified, reason­
able person experienced in screen­
ing and interviewing engineering 
job applicants.

Applicants’ resumés simply can­
not be trusted. At first it was in­
credible to me than an “experi­
enced” graduate engineer could 
not solve a simple RC circuit prob­
lem. Now, case-hardened by innu­
merable interviews, I know better. 
The many really competent engi­
neers who may read this letter will, 
like myself at first, find it difficult 
to accept, but they have not had 
the unnerving experience of weed­
ing out the “great pretenders.”

We interview about one person 
of every 15 who submit resumés 
to us; we hire about one person of 
every 15 interviewed. Why do we 
have to go through so much screen­
ing of resumés and interviewing? 
We can substantiate by our experi­
ence the obvious, time-wasting 
shortcomings of resumés which 
Martens cites, including the lack of 
salary-requirement data. Such data 
is essential; the applicant only loses 
time by not supplying it at once.

Some of our help-wanted ads are 
very specific in terms of required 
qualifications and the basic nature 
of the job. Yet most resumés we 
receive in response to these ads 
display completely unrelated expe­
rience, marginal or no qualifications 
for the work the ad described, and 
frequently state a desire for work 
completely unrelated to the specific 
job described in the ad.

Some applicant-versus-employer 
problems evaporate completely if 
viewed from an experienced inter­
viewer’s vantage. One finds, for 
example, that “design experience” 
truly means different things to dif­
ferent engineers; some engineers 
simply can’t or don’t mentally dis­
tinguish between the experience, 
hard knocks and proficiency gained 
in conceiving circuits tailored to 
exacting requirements and the ex­
perience gained in adapting or 
copying a tried-and-proven com-

4 Electronics I November 28, 1966



This breakdown ■ diode/ transformer triggering circuit is a 
typical application tor Type 11/12 Trigate Pulse Transformers.

SPRAGUE 
I l  Z 13 S

This unijunction-transistor/translormer triggering circuit is a 
typical application tor Type 11Z13 Trigate Pulse Transformers.

TRIGATE* PULSE TRANSF
the industry’s lowest-cost SCR triggers!

FA R E A ST Sprague World Trade Corporation, G.P.O. Box 14289, Hong Kong, BCC

W E S T E R N  H E M IS P H E R E  Sprague International, Ltd., 35 Marshall St., North Adams, Mass., U.S.A.
Sprague Electric of Canada, Ltd., 10 Bertal Road, Toronto 15, Ontario, Canada

'Sprague' and ’ are registered trademarks of the Sprague Electric Co.

New  from  Sprague!

E U R O P E  Sprague World Trade Corporation, Utoquai 41, 8008 Zurich, Switzerland 
Electromag Division, 2 Rue de Merode, Renaix, Belgium 

Sprague-CREAS S.p.A., Viale Legioni Romane 27, Milano, (S.O. 18), Italy  
Sprague G.m.b.H., 6000 Frankfurt/Main, Kettenhofweg 131, W. Germany 
Sprague France S.A.R.L., 14-16, Rue Gabriel Peri, 92-Montrouge, France 

____________Sprague Electric (U .K .) Ltd., 126 Coldharbour Lane, Hayes, Middlesex, Eng.

Dependable enough for industrial equipment, yet 
priced for high-volume commercial applications
Here’s good news for designers of appliances; lighting 
controls; air-conditioning and heating controls; indus­
trial controls. You can actually cut costs while up­
grading your present method of SCR triggering!
Type 11Z Trigate* Pulse Transformers offer these 
unique features:

1. Balanced pulse characteristics and energy transfer 
from primary to secondary and tertiary windings.

2. Minimum saturation effect to allow operation 
where increased pulse widths are required.

3. Fast pulse rise time and increased current capa­
bility to prevent SCR di/dt failure.

4. Increased energy transfer efficiency.
Designed for operation over the temperature range of 
—10 C to +70 C, Trigate Pulse Transformers are 
available in 2-winding and 3-winding configurations 
for half-wave and full-wave applications. Both designs 
are rated for use with line voltages up to 240 VAC.
For complete information, write to Sprague World 
Trade Corporation, P.O. Box 73, N orth Adams, 
Massachusetts, U.S.A., or the nearest affiliated organi­
zation listed below.♦■trademark

SPRAGUE
THE MARK OF RELIABILITY
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Thrifty HF 
antenna.
Skimps on acreage.
One powerful 3V2-acre log-periodic can replace up to 14 acres of rhombic arrays.

Land-saving is just one advantage. Consider the performance: 
tt puts the energy where you need it. From 2.5 to 32MHz, it 
provides constant patterns, low VSWR (2.0:1), low side lobes 
(-14 db), and high efficiency (better than 90%). Do you need 
compact quality and economy? G /A has the answer now: 
the world’s largest HF antenna selection. Request fu ll data.

1601 California Ave., Palo Alto, California /  Russell House, Molesey Rd., Walton-on-Thames, Surrey, England /3 5  Ben Boyd Rd., Neutral Bay, Sydney, NSW,Australia



pany-standard circuit.
In my mind, involvement in 

some aspect of design does not 
necessarily constitute cogent design 
or development experience. People 
can’t really be blamed for being 
technically naive or for apparent 
gross exaggeration in their resumés 
when they simply haven’t had the 
benefit of experience which would 
amend their misconceptions.

Viewed in this manner, much of 
the pros and cons of employment 
policies, employer “inconsidera­
tion” versus engineer’s “subter­
fuge,” simply don’t merit heated 
arguments, nor finger pointing by 
either side. Applicants do, and 
probably should, describe them­
selves as favorably as possible in 
a resumé. Employers do, and prob­
ably should, be skeptical of that 
description and spend no more 
time and effort than necessary to 
detect the applicant who can earn 
his money and who perhaps, just 
perhaps, can learn to do more and 
to progress professionally in behalf 
of himself and his employer.

Name withheld

■The author of this letter has 
interviewed hundreds of applicants 
and screened thousands of resumés 
in his job with one of the largest 
firms in the East.

Undeserved bad name

To the Editor:
The Voider algorithm on which 

Lear Siegler’s Divic computer is 
based [Sept. 5, p. 105], is an in­
genious and interesting concept. 
However, it is not suitable for 
tracking a real-time input, because 
it is not incremental—it carries out 
each computation with the full

value of the argument. On the other 
hand, an incremental device can 
change a function value corres­
ponding to an increment in the 
argument without using the total 
argument.

The digital differential analyzer, 
which is a general-purpose incre­
mental computer, is very fast; it 
has a bad name because it is 
naively thought to be inaccurate. 
But the elementary trigonometric, 
hyperbolic and exponential func­
tions can be calculated increment- 
ally with no approximations at all 
using an algorithm based on equa­
tions for the circular and hyperbolic 
sines and cosines of (0-|-h) [See: 
“Calculus of Finite Differences” by 
Charles Jordan, Chelsea Publish­
ing Co., p. 88]. The only inherent 
errors are due to finite register 
length, which is limited only by 
the economic size of the machine.

A family of very compact com­
puting modules is being studied at 
Univac for computing these func­
tions, one member of which applies 
to loran navigational systems.

It consists basically of eight shift 
registers that initially contain value 
of 9, corresponding to a starting 
point, and h, the desired increment. 
Small values of h give precise re­
sults, but the algorithm’s accuracy 
in no way depends on whether h 
is large or small. By shifting data 
back and forth among these regis­
ters, through hardware that imple­
ments the operations in the equa­
tions, the position of an airplane or 
ship is determined in terms of the 
intersection of a hyperbola and an 
ellipse.

Thomas M. McSherry 
Aerospace Analysis Dept.
Univac
St. Paul, Minn.
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Make your 
oscilloscope 
display linear 

indb

120 db 
ultra-fast

LOGARITHMIC
CONVERTER

This new logarithmic converter 
provides two unique features: The 
120 db dynamic range (one-mil- 
lion-to-one) allows full coverage of 
virtually any phenomena in a single 
range. The microsecond response 
of the PM 1002 makes it the first 
logarithmic converter fast enough 
to work with oscilloscopes, inte­
grating digital voltmeters or high 
speed graphic recorders.

Small, solid state, rugged, and drift 
free, the PM 1002 is invaluable for 
all types of ratio measurements j 
and for appli­
cations where 
dynamic range 
is unknown.

Let us prove it 
— write or call

$660.00

PACIFIC 
MEASUREMENTS 
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940 INDUSTRIAL AVENUE,  
PALO ALTO,  C AL I F ORNI A  

(415) 328-0300

Circle 6 on reader service card Circle 7 on reader service card 7



PeopleNew from Sprague!

METANET*
TRUE METAL-FILM PRECISION RESISTOR

NETWORKS
Save Space, Time, and Money

•  High packaging density— 4 to 
8 times tha t o f ind iv idua l com­
ponents.
•  Fewer components to stock, 
handle, inspect, insta ll. Entire 
module can be hand-inserted 
faster than one a x ia l- le a d  com­
ponent.
•  Permit substantial savings over 
equipm ent assembled w ith in d i­
v idua l components.
•  Epoxy term inal board keeps 
pin term inals free o f resin coa t­
ing, unlike conventional d ipped 
components, and provides uni­
form  lead spacing.
•  S tand-o ff bosses perm it effi-

cient flux removal a fte r solder­
ing. Also prevent d irt and mois­
ture traps around leads.
•  Extremely stable and re liab le . 
Meet performance requirements 
o f MIL-R-10509E. Resistance to l­
erances to ± 1  % .
•  C eram ic ca p a c ito rs  can be 
incorporated fo r further savings 
and size advantages over ind i­
v idua l components.

# •  #
For complete information write to 
Integrated Circuit Application En­
g inee ring  Departm ent, Sprague 
E lec tric  Company, 35 M a rsh a ll 
Street, North Adams, Mass. 01248
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Long a leader in bipolar integrated 
circuits, the Semiconductor division 
of the Fairchild Camera & In­
strument Corp. 
may be drawing 
a bead on metal 
oxide semicon­
ductors. It has 
h i r e d  Charles 
H . Sutcliffe, 41, 
from the General
I n s t r u m e n t  , ,, „ ,
0  i - i  Charles H. SutcliffeC orp ., w h i c h
with Philco-Ford Corp. dominates 
the m o s  field, to fill the new position 
of manager of m o s  integrated cir­
cuits. Fairchild group vice presi­
dent Robert N. Noyce tends to play 
down the significance of the move, 
saying that it will serve mainly to 
give central control to the com­
pany’s somewhat scattered m o s  ef­
fort. But Noyce adds that Fairchild 
now considers m o s  technology at 
the reliability levels necessary for 
device production; and with the 
company’s biggest competitor, 
Texas Instruments Incorporated, 
also showing interest in m o s , the 
battle of the giants may be on.

Sutcliffe’s first order of business 
will be to take a six-week trip 
around the country, mainly to dis­
cuss with potential users what sort 
of m o s  devices are needed, and 
what the applications of m o s  are. 
“Fairchild will have some products 
coming out soon, some me-too’ and 
some totally new,” he says. “For the 
future, I think that m o s  will defi­
nitely predominate in large-scale 
arrays because of the great circuit 
density possible and, because fewer 
process steps are required.”

Price advantage. He also believes 
that the lower costs of m o s  will 
make custom circuits profitable, and 
that parallel data processing meth­
ods may even make m o s  circuits 
suitable for computers, where their 
relatively slow speed is considered 
an insuperable handicap.

Sutcliffe holds a doctorate in 
solid state physics (University of 
Pennsylvania, 1953) and was an 
assistant group vice president at 
General Instrument. He spent 11 
years in Philco’s Semiconductor di­
vision at Lansdale, Pa., and was 
general manager of semiconductor 
operations when he left in August,

8 Circle 8 on reader service card Electronics ] November 28, 1966



cgACHLÈTg> Highest Power Level 
for RF operation at C-Band: 

MACHLETT miniature 
planar triodes

For comparable size and weight in 
the C-Band region, and higher, 
the Machlett miniature planar triode 
provides the highest plate 
dissipation capability with 
correspondingly high duty cycle 
and rf power output.1 kW grid 
pulse operation is currently being 
achieved at 6 Gc with the ML-8630. 
From cathode rf heater contactto 
anode rf surface contact, these 
new tubes ML-8629, ML-8630 and 
ML-8631 measure only .565 inches 
high by .7 inch diameter. These 
“ 8600 series” tubes will dissipate 
100 watts, or more, with suitable 
cooling devices. Frequency stable 
for quick on-frequency 
performance. Phormat cathode for 
high voltage stability.
For complete details, write 
The Machlett Laboratories, Inc., 
Springdale (Stamford), Conn. 06879.

T H E  M A C H L E T T  L A B O R A T O R I E S ,  INC.
A S U B S I D I A R Y  O F  R A Y T H E O N  C O M P A N Y
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P e o p le

from BENRUS
a versatile.

SPECTRUM AHALYZER
&  A n o ia b  oj<m asco*5 Typ* 1100 k*u |  ^

# ^ K . e «  ©  e
—     .  ̂   —   

. . f—-, n ; r ? :t ;

.»<.« r
$

Available in 3 ranges:
DC—  20KHz 
DC—  lOOKHz 
DC — 500KHz

For the measurement of: 
frequency 
bandwidth 
spectral distribution 
frequency response 
energy distribution 
power levels
modulation characteristics 
intermodulation 
harmonic distortion

COMPLETE
for rack mounting, as shown, 
or in self-contained 
bench version

The Benrus Type 1100R/SA101 is a 
versatile, low frequency spectrum 
analyzer, more economically priced 
than instruments of comparable 
quality and capability.

Features include 85uv/cm (min.) 
sensitivity, high stability, very low 
incidental FM, full scan and center 
frequency tuning and wide range 
calibrated sweep rates.

The Type 1100R/SA101 is ideal for 
vibration, noise, and distortion anal­
ysis; harmonic and cross-modulation 
studies; modulation, subcarrier and 
sonar analysis; etc.

Request complete technical data 
today.

1964, to become vice president of 
General Instrument in charge of 
rectifier operations.

When the Philco Corp. purchased 
General Micro-electronics, Inc., 
last January some observers saw 
the move as an 
attempt by Phil­
co to provide 
itself with an in- 
house metal-ox­
ide-semiconduc­
tor ( m o s )  capa­
bility. However, 
the new director 
of engineering 
and research for what is now the 
Philco-Forcl Corp.’s electronics 
group, Louis A. deRosa, puts the 
question quietly to rest. “Philco- 
Ford is spending so much money 
for research and development in 
m o s ,”  says deRosa, “that it would 
not be justified without an outside 
market.” deRosa’s authority en­
compasses all six divisions in the 
electronics group. The Philco-Ford 
Corp. is a subsidiary of the Ford 
Motor Co.

The 56-year-old electrical engi­
neer just completed what he called 
a reconnaissance trip to the West 
Coast to acquaint himself with the 
activities of the group’s western 
divisions, meet the personnel and 
assess the strengths and weak­
nesses of the operation.

Design. Although deRosa be­
lieves m o s  offers many potential 
advantages, he says Philco-Ford 
will by no means ignore the stand­
ard forms of circuit fabrication. 
“ m o s  gives us a chance to use new 
attacks in design,” he adds.

Philco-Ford has invested a great 
deal of time and money in develop­
ing high-speed devices. At last 
month’s Northeast Electronics Re­
search and Engineering Meeting in 
Boston the company unveiled a 
high-speed 9-gigahertz silicon tran­
sistor. deRosa asserts that in speed­
ing up devices a company opens up 
a wider market for itself, and com­
pares this development to the su­
personic transport which flies so 
fast that it does the work of several 
planes and more than offsets the 
cost involved in building it.

Louis A. deRosa
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Amps.A m ps. M odel PriceV o lta g e

5-9

9-18

13-26

18-36

A m ps. M odel P rice

4 QSB 6- 4 $115

2 QSB 12- 2 115

1.5 QSB 18-1.5 115

1 QSB-28- 1 115

8 QSB 6- 8

4 QSB 12- 4

3 QSB 18- 3

2 QSB 28- 2

A m ps. M odel

15 QSB 6-15

8 QSB 12- 8

6 QSB 18- 6

4 QSB 28- 4

* For optional voltmeter and ammeter add $30.

P rice

$225*

225*

225*

225*

P rice

$295*

295*

295*

295*

M odel

QSB 6-30 

QSB 12-15 

QSB 18-12 

QSB 28- 8

—

Sorensen
OEM/Lab. Power Supply

New Sorensen QSB's give you OEM prices with laboratory performance.

The Sorensen QSB Series, medium range power supplies 
available in 25, 50, 100 watt models (6, 12, 18 and 28 Vdc 
nominal) provide laboratory performance in compact bench 
or rack packages that are ideally suited fo r budget-type 
OEM computer, communications and test instrumentation 
applications. Features such as: precise regulation (± .0 0 5 %  
line and load fo r most models), low ripple (250 /j,V rms, 
1 mV peak to peak), response time (30 ps), all combined 
with prices starting at $115. Other features include: inputs

105-125/200-240/210-250 Vac, 47-420Hz; current regu­
lation ± .0 1 % ; temp, range 0-71 °C; temp, coefficient 
.015% / °C; stability .0 2 5 % /8  hrs.; remote programming 
and sensing; series/parallel operation. For additional QSB 
details, or fo r data on other standard/custom power sup­
plies, AC line regulators or frequency changers, contact 
your local Sorensen representative, or Raytheon Company, 
Sorensen Operation, Richards Ave., Norwalk, Connecticut 
06856. Telephone: 203-838-6571. TWX 710-468-2940.

RAYTHEON

Electronics [ November 28, 1966 Circle 11 on reader service card 11



Two for the space of

Fairchild dual transistors and differential amplifiers save space, give 
you greater design flexibility and provide uniform performance. You 
can get two discrete transistors into the space normally occupied  
by one. Pick virtually any of Fairchild's catalog PNP or NPN transistors 
fo r dual encapsulation. See table for several of Fairchild's PNP 
dual transistors and differential amplifiers. For differential amplifiers 
we select adjacent chips off the same wafer to give you the closest 
possible match of electrical characteristics. For price, delivery, and 
complete specifications, check with any Fairchild Distributor, or 
write for our new brochure.
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Selected PNP High-Gain, Low-Noise Dual Transistors and Differential Amplifiers: (Write for full line p n p  and n p n  Brochure)

Differential Amplifiers: 2N4020 2N4021 2N4022
FT4020 FT4021 FT4022

LVceo -45V -60V -60V

llfLl @ lc =IOOaA to 1.0mA; 0.8 min. 0.8 min. 0.8 min.

hFE2 VCe= —5.0 V 1.0 max. 1.0 max. 1.0 max.

hF!@ VCE =  — 5.0V;
Ic =  1.0aA 180 min. 60 min. 180 min.
Ic=10aA 250 min. 100 min. 250 min.
lc =  100nA 250 min. 100 min. 250 min.
lc =1.0mA 250 min. 100 min. 250 min.

NF@Ic =  20aA;Vce= -5 .0 V ;
f=100Hz;BW=15Hz;Rs =  10lv 4.0db max. lOdb max. 4.0db max.

| v,e1- V BE2|@ Ic =  100aA 5.0mV max. 5.0mV max. 5.0mV max.

Dual Transistors:
2N4017 2N4018 2N4019
FT4017 FT4018 FT4019

hf=E @ Vce — — 5.0V;
Ic=1.0aA 60min. 60 min. 180 min.
Ic=10aA 100 min. 100 min. 250 min.
Ic =  100aA 100 min. 100 min. 250 min.
lc =1.0mA 100 min. 100 min. 250 min.

LVceo -80V -60V -45V

NF@Ic =  20aA;Vce= -5 .0 V ;
f=100Hz;BW=15HZ;Rs= 1 0 ^ lOdb max. lOdbmax. 4.0db max.

2N4023 2N4024 2N4025
FT4023 FT4024 FT4025

—45 V — 60V -6 0V

0.9 min. 0.9 min. 0.9 min.

1.0 max. 1.0 max. 1.0 max.

180 min. 60 min. 180 min.
250 min. 100 min. 250 min.
250 min. 100 min. 250 min.
250 min. 100 min. 250 min.

4.0db max. lOdb max. 4.0db max.

3.0mV max. 3.0mV max. 3.0mV max.

F A IR C H IL D
S  E M  IC O  N D U C T O R

FAIRCHILD SEMICONDUCTOR/A Division of Fairchild Camera and Instrument Corporation •  313 Fairchild Drive, Mountain View. California (415) 962-5011 ■ TWX: 910-379-6435
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Jerrold’s new Model 900-C is the 
most conceited sweep signal 

generator on the market!
We get a little embarrassed. The many 
thousands of Model 900’s now in the field 
have built up such a tremendous reputa­
tion for dependability and service that 
th e y ’ re beginn ing to act smug. They 
“ show o ff”  with gut features like built-in 
oscilloscope pre-amp, four mode opera­
tion and continuously variable sweep 
widths from 10 kHz to 400 MHz (center 
frequencies from 500 kHz to 1200 MHz) 
— just to name a few.

But that's not the worst of it.
The New 900-C really gets overbearing 

when it starts performing. Say you want 
to observe the entire frequency range of 
a unit under te s t:. . .  or examine a narrow 
10 kHz beamwidth . . .  or make a quantita­
tive analysis of the response of a wide 
range of electronic devices such as re­
ceivers, amplifiers, filters, transformers, 
or transmission lines.

It does these chores so easily, so ac­
curately, and so efficiently, we despair of 
ever deflating its ego.

One small revenge. Our New Model 
900-C lite ra ture  is very, very modest. 
Send for a copy.

fffffljTjfljl MEASUREMENT AND
TEST INSTRUMENTATION

JE R R O LD  E L E C T R O N IC S  C O R P O R A T IO N
Government and Industrial Division 

Philadelphia, Pa. 19105

Meetings

Meeting and Technical Display of 
American Institute of Aeronautics and 
Astronautics; War Memorial Auditorium, 
Prudential Center, Boston 
Nov. 29-Dec. 2.

Vehicular Communications Conference, 
IEEE; Montreal, Quebec, Dec. 1-2.

Meeting of the National Committee of 
the International Scientific Radio 
Union; Cabana Motor Hotel, Palo Alto, 
Calif., Dec. 7-9.

Electronics Industry Plating 
Symposium, American Electroplaters’ 
Society: Robert Treat Hotel,
Newark, N. J., Dec. 8-9.

Magnetic Core Design Seminar,
Magnetic Powder Core Association, a 
division of the Metal Powder Industries 
Federation; Holiday Inn, Newton, Mass., 
Dec. 8.

Electrical and Electronic Measurement 
and Test Instrument Conference,
IEEE; Talisman Motor Inn, Ottawa, 
Canada, Jan. 9-11.

Symposium on Reliability, American 
Society for Quality Control, IEEE; 
Sheraton-Park Hotel, Washington, 
Jan. 10-12.

Symposium on Computers and 
Communications, IEEE; Miramar Hotel, 
Santa Monica, Calif., Jan. 19.

American Society for Quality Control 
Meeting, American Society for Quality 
Control; California State Polytechnic 
College, Kellogg Campus, Pomona, 
Calif., Jan. 21.

Midwest Welding Conference, Illinois 
Institute of Technology Research 
Institute; Illinois Institute of 
Technology, Chicago, Jan. 24-25.

Ultrasonic Manufacturers Association 
Technical Symposium and Meeting,
Ultrasonic Manufacturers Association; 
New York, Jan. 25.

Symposium on Nondestructive Testing 
of Welds, Illinois Institute of Technology 
Research Institute; Illinois Institute of 
Technology, Chicago, Jan. 30-Feb. 2.

American Society for Testing and 
Materials Symposium on Adhesion 
(Cold Welding) of Materials in Space 
Environments, American Society for 
Testing and Materials; Royal York 
Hotel, Toronto, Canada, Feb. 5-6.

American Society for Testing and 
Materials Meeting, American Society 
for Testing and Materials; Statler Hilton 
Hotel, Detroit, Mich., Feb. 5-10.

Electronic Packaging Conference,
Society of Automated Engineers; 
Roosevelt Hotel, New York, Feb. 14-16.

International Solid State Circuits 
Conference, IEEE; University of 
Pennsylvania, Sheraton Hotel, 
Philadelphia, Feb. 15-17.*

Airborne Photo-Optical Instrumentation 
Seminar, Society of Photo-Optical 
Instrumentation Engineers; Ramada 
Inn, Cocoa Beach, Fla., Feb. 20-21.

National Air Meeting on Collision 
Avoidance, Institute of Navigation; 
Dayton, Ohio, Feb. 23-24.

Technical Meeting and Equipment 
Exposition, Institute of Environmental 
Sciences; Washington, April 10-12.

International Conference on Electronics 
and Space, Electronic Industries 
Association of France; Paris, April 
10-15.

Call for papers

Joint Automatic Control Conference,
sponsored by the Instrument Society 
of America, IEEE, American Institute 
of Aeronautics and Astronautics, 
American Society of Mechanical En­
gineers and American Institute of 
Chemical Engineers, at the University 
of Pennsylvania, June 28-30. Dec. 1 
is deadline for submitting papers to 
G.K.L. Chin, IBM Corp., 1000 West­
chester Ave., White Plains, N.Y.

International Conference on Com­
munications, IEEE; Minneapolis, 
June 12-14. Dec. 1 is deadline for 
submission of abstracts to Robert 
Collins, technical program chairman, 
Department of Electrical Engineering, 
University of Minnesota, Minneapolis, 
Minn., 55455.

Semiconductor Sessions, Electrochem­
ical Society, dielectrics and insula­
tion, the electrothermics and metal­
lurgy and the electronics divisions; 
Dallas, Texas, May 7-12. Dec. 15 is 
deadline for submission of abstracts 
to Harry Sello, manager, materials 
and processes department, Fairchild 
Semiconductor, Research and Devel­
opment Laboratories, 4001 Junipero 
Serra Boule, Palo Alto, Calif. 94304.
*  Meeting preview on page 16
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Infinite resistance at null to 1100 volts is 
one feature of our new solid state differential 
voltmeter. Accuracy to ±0.0025% of dial 
setting is another. Price of $1095 doesn’t hurt 
our cause either. Ratio measurement lets 
you compare two external sources with 
a resolution of 0.0001%. In the TVM mode, 
input resistance is 100 megohms. Reference 
regulation is 0.0002%. Stability is 13 ppm 
peak-to-peak per 60 days.
Of course, that’s not the whole story. Other features include 6 digit inline 

readout with a dial resolution of 1 ppm. The recorder output is well 
isolated and linear to within 0.5% of end scale. Ten percent 

overranging minimizes range changing and offers increased resolution on 
the lower end of each range. A continuously adjustable last digit 

allows exact null and eliminates meter interpolation for resolution.
The half-rack Model 895A weighs 16 pounds.

FLUKE • Box 7428 , Seattle, W ashington 981 3 3  • Phone: (206) 7 7 6 -1 1 7 1  • TWX: (910) 4 4 9 -2 8 5 0



N ew  trom  Sprague! Meeting preview

TW-30Q0
TO-18 I  CASE

MICROPOWER PNP 
SILICON HIGH-SPEED | 
SWITCHING TRANSISTORS

-0 .001  -0 .0 1  -0 .1  - I  '1 0
COLLECTOR CURRENT, I c , IN M ILL IA M P E R E S

Fastest switching transistor avail­

able in the 1 to 100 p.A range.

Cib = 0.7 pF typ., 1.5 pF max.

Cob = 1.5 pF typ., 2.5 pF max.

Sprague Electric also m akes m ore than  2 0 0  standard SEPT® (Silicon 

E pitaxia l P lanar Transistor) Types, including 2N 2218A -2N 2222A , 

2 N 2 9 0 4 A -2 N 2 9 0 7 A , 2 N 2 3 6 9 A , and 2 N 3 2 0 9 .

For complete Information, write to Technical Literature Service, 
Sprague Electric C o ., 3 5  Marshall St., North Adams, Mass. 01247

S P R A G U E : C O M P O N E N T S

TRANSISTORS

CAPACITORS

RESISTORS

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

INTERFERENCE FILTERS

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

MAGNETIC COMPONENTS 

PULSE TRANSFORMERS 

CERAMIC-BASE PRINTED NETWORKS 

PULSE-FORMING NETWORKS

SPRAGUE
THE MARK OF RELIABILITY

«ss-6137 r i  'S prague' and '© 'a r e  registered trademarks of the Sprague Electric Qo.

What's next

Two of the latest technologies in 
the electronics industry—computer- 
aided design and large-scale inte­
gration—will dominate the Interna­
tional State Circuits Conference in 
Philadelphia on Feb. 15.

The conference will start with a 
session on the present status and 
the future of l s i  [see story on p. 
133], This will be followed by an 
evening panel discussion that will 
assess the condition and problems 
of logic partitions from the stand­
point of the natural partitions in 
traditional computer systems.

The panel members from the 
Radio Corp. of America, Interna­
tional Business Machines Corp., 
Univac division of the Sperry Rand 
Corp. and Bell Telephone Labora­
tories will also discuss what types 
of system redesigns can improve 
partitions, algorithms for computer- 
aided partitions and test sequence 
simplification.

The problem. The case for com­
puter-aided design will be pre­
sented by an expert in the field, 
William Happ of the National Aero­
nautics and Space Administration. 
Happ will describe the scope and 
availability of programs for com­
puter-aided design and the efforts 
under way toward standardization. 
In addition, he’ll criticize the com­
patibility, availability and idiosyn- 
cracies of existing programs.

Speakers from i b m ’ s  East Fish- 
kill facility will explain the use of 
computer-aided design in fabricat­
ing picosecond silicon monolithic 
current-mode integrated circuits. 
Engineers from Bell Labs will 
describe a low-cost computer con­
sole used for graphical display dur­
ing computer-aided design.

One paper will examine a distri­
buted model for the saturation 
characteristics and internal currents 
of an integrated circuit. Another 
will analyze an experiment with an 
on-line graphics-aided circuit analy­
sis program.

An evening session on computer- 
aided design will investigate sev­
eral areas: computer aids to model­
ing analysis, design of discrete 
component circuits, non-ideal mod­
els and sensitivity analysis.
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Single pole, multiple pole, small 
base, full base, molded base, lami­
nated  base, porcelain base —sig­
na l a c tiv a tin g  fuse blocks and 
special blocks of all types for 
BUSS Small Dimension fuses.

Fuse blocks to meet JA N  and

M ilitary specifications.

Get full data for your files, 
write for BUSS bulletin, Form 
SFB — it gives a  comprehensive 
picture of the complete line of 
Small Dimension fuses and fuse 
mountings.

For fu se s and fuseholders of unquestioned high 
for every protection need, insist on

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107
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Meet any programable or fixed voltage need
Up to 150 vo lts

A B

Up to 95 amps
E

FEATURES and DATA
Full line of accessories and options to meet your system 
needs. Meet Mil. Environment Specs. RFI —- MIL-I-16910: 
Vibration: MIL-T-4807A: Shock: MIL-E-4970A • Proc. 1 & 2: 
Humidity: M iL-STD-810 • Meth. 507: Temp. Shock: 
MIL-E-5272C • (ASG) Proc. 1: Altitude: MIL-E-4970A • 
(ASG) Proc. 1: Marking: MIL-STD 130: Quality: MIL-Q-9858: 
Fungus Proofing (optional) all models available with 
MIL-V-173 varnish for all nutrient components. 
Convection cooled —no heat sinking or forced air required 
Wide input voltage and frequency range— 105-132 VAC, 
(200-250 VAC, optional at no extra charge) 45-440 cps 
Regulation (line) 0.05% plus 4MV (load) 0.03% plus 3MV: 
Ripple and Noise— 1 MV rms, 3MV p to p 
Overvoltage protection available for all models up to 
70 VDC
High Performance Option —All models available with these 
specifications fo r $25.00 extra: Line regulation —.01% 
+  1MV; Load regulation — .02% +  2MV: Ripple and Noise — 
V2MV rms; IV2 MV p to p: Temp. Coef. —.01%°C

ACCESSORIES 
and OPTIONS
System  Rack
LRA-5 • 3 Vz" height by 2 7/ 16"  depth. Price $35.00
LRA-4 • 3 1 /2 " height by 14" depth. (For use with chassis 
slides) Price $55.00
LRA-5 and LRA-4 mount the following combinations of 
LM models: up to 4 A package sizes • 3 B or 3 C package 
sizes • 2 A and 1 B or 1 C package sizes
LRA-3 • 51/*" height by 2%6" depth. Price $35.00
LRA-6 • 5!4" height by 14" depth. (For use with chassis 
slides) Price $60.00
LRA-3 and LRA-6 mount the following combinations of 
LM models: up to 4 A, B or C package sizes • 3 CC package 
sizes • 2 D or 2 E package sizes • 2 A, B or C and 1 CC or 
1 D or 1 E package sizes • 1 CC and 1 D or 1 E package 
sizes • 1 D and 1 E package sizes

M e te re d  P anels  •  3 VV' Metered panel MP-3 is 
used with rack adapters LRA-4, LRA-5 and packages A, 
B and C. Price $40.00
514" Metered panel MP-5 is used with rack adapters 
LRA-6, LRA-3 and packages A, B, C, CC, D and E. Price $40.00 
To order these accessory metered panels, specify panel 
number which MUST BE FOLLOWED BY the MODEL 
NUMBER of the power supply with which it will be used.
F and G LM Packages are fu ll rack power supplies avail­
able metered or non-metered. For metered models, add 
suffix M to the Model No. and $30 to the non-metered 
price.

WIDE VOLTAGE RANGE
PROGRAMABLE LM SERIES MODELS

PACKAGE A
33/,6"x3y4"x6

A D J. VO LT. 
RANGE VDC

* M AX. A M PS AT A M B IE N T  OF:
P r ic e **4 0 °C 50°C 60°C 71°C

LM 251 0-7 0.35 0.31 0.29 0.27 *  69
LM 201 0-7 0 .85 0.75 0.70 0.55 79
LM 202 0-7 1.7 1.5 1.4 1.1 89
LM 252 0-7 2.0 1.8 1.4 1.1 99
LM 257 0-14 0.27 0.24 0.23 0.22 69

LM 203 0-14 0.45 0.40 0.38 0.28 79
LM 204 0-14 0.90 0.80 0.75 0.55 89

LM 258 0-14 1.2 1.1 1.0 0.80 99
LM 259 0-24 0.18 0.16 0.15 0.14 69
LM 260 0-24 0.35 0.30 0.25 0.20 79
LM 261 0-24 0.70 0.65 0.60 0.45 89

LM 262 0-24 0.80 0.75 0.70 0.60 99

LM 263 0-32 0.14 0.12 0.11 0.10 69

LM 205 0-32 0.25 0.23 0.20 0.15 79

LM 206 0-32 0.50 0.45 0.40 0.30 89

LM  264 0-32 0.66 0.60 0.50 0.32 99

LM  265 0-60 0.08 0.07 0-07 0.06 79

LM 207 0-60 0.13 0.12 0.11 0.08 89

LM 208 0-60 0.25 0.23 0.21 0.16 99

LM 266 0-60 0.35 0.31 0.28 0.25 109

LM  267 0-120 0.10 0.09 0.08 0.07 109

LM 268 0-120 0.13 0.12 0.10 0.09 119

PACKAGE B
3 y i6"x 4 'y l6"x6 '/2"

A D J. VO LT. 
RANGE VDC

"M A X . AM PS A T A M B IE N T  OF:
P r ic e **40  C 50°C 60 C 71 °C

LM B-0-7 0 - 7 2.8 2.6 2.3 1.5 $109

LM B-0-14 0 - 1 4 1.6 1.5 1.3 1.2 109

LM B-0-32 0 - 3 2 0.80 0.70 0.60 0.5 109

LMB-0-60 0 - 6 0 0.45 0.40 0.35 0.3 109

LM -217 8 .5 - 1 4 2.1 1.9 1.7 1.3 119

LM-218 1 3 - 2 3 1.5 1.3 1.2 1.0 119

LM -219 2 2 - 3 2 1.2 1.1 1.0 0.80 119

LM -220 3 0 - 6 0 0.70 0.65 0.60 0.45 129

PACKAGE C
3 y i6"x4 'V ’i6"x9y8"

A D J. VO LT. 
RANGE VDC

*M A X . AM PS A T  A M B IE N T  OF:
P r ic e **40°C 50°C 6 0 C 71 °C

LM -225 0 - 7 4.0 3.6 3.0 2.4 $139

LMC-0-14 0 - 1 4 2.2 2.0 1.8 1.5 139

LMC-0-32 0 - 3 2 1.1 1.0 0.90 0.80 139

LMC-0-60 0 - 6 0 0.60 0.55 0.50 0.45 139

LM -226 8 .5 - 1 4 3.3 3.0 2.5 2.0 139

LM-227 1 3 - 2 3 2.3 2.1 1.7 1.4 139

LM -228 2 2 - 3 2 2.0 1.8 1.5 1.2 139

LM -229 3 0 - 6 0 1.1 1.0 0 .80 0.60 149

PACKAGE D
4 1V, s "X 7 1/2 "  X 9 3/a "

A D J. VO LT. 
RANGE VDC

*M A X . A M PS A T A M B IE N T  OF:
P r ic e **40°C 50°C 60°C 71°C

LM-234 0 - 7 8.3 7.3 6.5 5.5 $199

LMD-0-14 0 - 1 4 4.9 4.2 3.4 2.7 199

LMD-0-32 0 - 3 2 2.5 2.1 1.7 1.3 180

L M D 0 -6 0 0 - 6 0 1.3 1.1 0.95 0.75 239

LM-235 8 .5 - 1 4 7.7 6.8 6.0 4.8 199

LM -236 1 3 - 2 3 5.8 5.1 4.5 3.6 209

LM-237 2 2 - 3 2 5.0 4.4 3.9 3.1 219

LM -238 3 0 - 6 0 2.6 2.3 2.0 1.6 239

PACKAGE E
4 |V,a" x7I/>"x117/«"

A D J. VO LT. 
RANGE VDC

*M A X . A M PS A T A M B IE N T  OF:
P r ic e **40°C 50 °C 60 C 71°C

LME-0-7 0 - 7 12.0 10.5 8.5 6.8 $249

LME-0-14 0 - 1 4 7.4 6.4 5.2 4.1 249

LME-0-32 0 —32 3.7 3.2 2.6 2.1 249

LME-0-60 0 - 6 0 2.1 1.7 1.4 1.1 249

PACKAGE F
3'/2" x19"x16'/2"

ADJ. VO LT. 
RANGE VDC

M AX. AM PS A T  A M B IE N T  OF:
P r ic e **40  °C 50°C 6 0 C 71 °C

LMF-0-7 0 - 7 25.0 21.0 17.0 14.0 $425

PACKAGE G
5'A "x19"x16'/2"

ADJ. VO LT. 
RANGE VDC

* MAX. A M P S  A T A M B IE N T  OF:
P r ic e **40  C 50 C 6 0 ’ C 7 1 C

LMG-0-7 0 - 7 35.0 29.0 24.0 20.0 $575

O th er O ptions •  Also available are Overvoltage 
Protectors, Fungus Proofing, and High Performance Op­
tions at moderate surcharges.



with Lambda Modular Power Supply Systems

FIXED VOLTAGE RANGE
LM SERIES MODELS

PACKAGE B A D J. VO LT. “ MAX A M PS A T A M B IE N T  OF:
33/i6 "x4 i5 /|t "x6</2" R A N G E V D C 40°C 50°C 60°C 71°C P r ic e * *

LM  B3 3 ± 5 % 3.8 3.3 2.6 1.6 $119
LM  B3P3 3 .3 ± 5 % 3.8 3.3 2.6 1.6 119
LM  B3P6 3 .6 ± 5 % 3.8 3.3 2.6 1.6 119
LM  B4 4 ± 5 % 3.8 3.3 2.6 1.6 119
LM  B4P5 4 .5 ± 5 % 3.7 3.2 2.5 1.5 119
LM  B5 5 ± 5 % 3.7 3.2 2.5 1.5 119
LM B6 6 ± 5 % 3.2 2.9 2.4 1.4 119
LM B8 8 ± 5 % 3.2 2.9 2.4 1.4 119
LM  B10 10 ± 5 % 2.7 2.5 2.2 1.4 119
LM B12 12 ± 5 % 2.5 2.3 2.1 1.3 119
LM B15 15 ± 5 % 2.2 2.0 1.8 1.3 119
LM  B18 18 ± 5 % 2.0 1.8 1.7 1.3 119
LM B20 20 ± 5 % 1.8 1.6 1.5 1.2 119
LM  B24 24 ± 5 % 1.4 1.3 1.2 1.1 119
LM B28 28 ± 5 % 1.3 1.2 1.1 1.0 119
LM  B36 36 ± 5 % 1.1 1.0 0 .90 0.85 129
LM B48 48 ± 5 % 0.9 0.85 0.80 0.75 129
LM  B60 60

in+1 0.7 0.65 0.60 0.54 129
LM  B100 100

in+' 0.37 0.34 0.30 0.28 139
LM B120 120 ± 5 % 0.30 0  28 0.25 0.23 139
LM  B150 150 ± 5 % 0.25 0.23 0.20 0.19 149

NOTE:
Space does not permit listing all LM Series fixed- 
voltage power supplies. In every package size there 
are models for each voltage range listed under the 
B package and all units are multi-current-rated for 
40‘ C, 50°C, 60' C and 71°C. Call or write for data 
and prices.

* Current rating is from zero to I  max. at ambient. 
Current rating applies over entire output voltage 
range.
Current rating applies for input voltage 105-132 
VAC 55-65 cps.
For operation at 45-55 cps derate current rating 
10% .

For operation at 360-440 cps consult factory for 
ratings and specifications.
** Prices F.O.B. Factory, Melville, N. Y. All speci­
fications and prices subject to change without notice.

PACKAGE C
33/ i i" x 4 15/i t,"x93/a'

A D J. VO LT. 
RANGE VDC

•M A X . A M PS PACKAGE E
4 iy ,6"x7 '/2" x i i y 8'

A D J. VOLT. 
RANGE VDC

•M A X . AM PS

4 0 °C 6 0 °C P r ic e * * 4 0 °C 60  °C P ric e *  *

LM  C3 3 ± 5 % 5.3 3.7 $139 LM  E3 3 ± 5 % 22 .0 16.5 $269

LM  C4 4  ± 5 % 5.2 3 .6 139 LM  E4 4  ± 5 % 21 .0 16.5 269

LM  C4P5 4 .5 ± 5 % 5.1 3 .5 139 LM  E4P5 4 .5 ± 5 % 20.0 16.4 269

LM  C5 5 ± 5 % 5.1 3 .4 139 LM  E5 5 ± 5 % 20 .0 16.4 269

LM  C6 6 ± 5 % 4.8 3.3 139 LM  E6 6 ± 5 % 19.0 15.6 269

LM  C12 12 ± 5 % 4.0 2.9 139 LM  E12 12 ± 5 % 15.0 12.3 269

LM  C15 15 ± 5 % 3.5 2 .8 1 39 LM  E15 15 ± 5 % 14.0 11.5 269

LM  C20 20 ± 5 % 3.1 2.6 139 LM  E20 20 ± 5 % 12.0 9.8 269

LM  C24 24 ± 5 % 2.5 2.2 139 LM  E24 24 ± 5 % 11.0 9.0 269

LM  C28 28  ± 5 % 2.3 2.0 139 LM  E28 28 ± 5 % 10.0 8.0 269

LM  C48 48 ± 5 % 1.6 1.3 149 LM  E48 48 ± 5 % 6.0 4.9 299

LM  C150 150 ± 5 % 0.39 0.33 169 LM  E150 150 ±5y? 1.4 1.2 299

NEW
PACKAGE CC

4'5 /16" x 4 iy u "x9 % "

A D J. VOLT. 
RANGE VDC

•M A X . AM PS PACKAGE F
3 i/2" x19"x16i/2"

A D J. VO LT. 
RANG E VDC

•M A X . A M PS
40  C 60 C P r ic e **

4 0 °C 6 0 'C P r ic e * *
LM  FA3 3 ± 5 % 31.5 24.0 $375

LM  CC3 3 ± 5 % 11.0 8.2 $179
LM  FA4 4 ± 5 % 31.5 24.0 375

LM  CC4 4  ± 5 % 11.0 8.2 179
LM  FA4P5 4 .5 ± 5 % 31.5 24.0 375

LM  CC4P5 4 .5 ± 5 % 10.5 8.0 179
LM  FA5 5 ± 5 % 31 .5 23.7 375

LM CC5 5 ± 5 % 10.5 8.0 179
LM  FA6 6 ± 5 % 30 .5 22.0 375

LM  CC6 6 ± 5 % 9.0 7.7 179
LM  FA12 12 ± 5 % 22.0 16.2 375

LM CC12 12 ± 5 % 7.3 5.9 169
LM  FA15 15 ± 5 % 19.4 15.2 375

LM  CC15 15 ± 5 % 6.0 5.1 169
LM  FA20 20 ± 5 % 16.0 12.6 350

LM CC20 20 ± 5 % 5.0 4 .2 169
LM  FA24 24 ± 5 % 14.0 11.4 350

LM CC24 24 ± 5 % 4.0 3.4 169
LM  FA28 28 ± 5 % 13.5 10.4 350

LM  CC28 28 ± 5 % 3.5 3.1 169
LM  FA48 48 ± 5 % 8.1 6.5 375

LM CC48 48  ± 5 % 2.5 2.2 189
LM  FA150 150 ± 5 % 2.4 1.8 4 10

LM  CC150 150 ± 5 % 0.7 0 .62 199
LM  F3 3 ± 5 % 48 .0 34.0 425

PACKAGE D
4 'y ,6 "x7 '/2"x9% "

ADJ. VO LT. 
RANGE VDC

"M A X . AM PS LM  F4 4 ± 5 % 48 .0 34.0 425

4 0 °C 6 0 °C P r ic e * * LM  F4P5 4 .5 ± 5 % 48 .0 34 .0 425

LM  D3 3 ± 5 % 13.1 9 .2 $199 LM  F5 5 ± 5 % 4 8 .0 33.0 425

LM D4 4  ± 5 % 13.1 9.2 199 LM  F6 6 ± 5 % 47 .0 32.0 425

LM  D4P5 4 .5 ± 5 % 13.1 9 .2 199 LM  F12 12 ± 5 % 33 .0 22.0 425

LM D5 5 ± 5 % 12.6 9.2 199 LM  F15 15 ± 5 % 28.0 19.0 425

LM D6 6 ± 5 % 12.4 8.9 199 LM  F20 20 ± 5 % 23 .0 17.0 395

LM D12 12 ± 5 % 10.0 8.3 199 LM  F24 24 ± 5 % 20 .0 14.0 380

LM D15 15 ± 5 % 9 .0 7.9 209 LM  F28 28 ± 5 % 19.0 13.0 380

LM  D20 20 ± 5 % 7.4 6.5 209 LM  F48 48 ± 5 % 10.0 7.5 42 5

LM D24 24 -*-5% 6.7 5.8 219 LM  F I 50 150 ± 5 % 3.1 2.1 460

LM  D28 28 ± 5 % 6.0 5.2 2 19
PACKAGE G

5 iA "x19"x16i/2"
A D J. VO LT. 

RANGE VDC P ric e *  *
LM D48 48  ± 5 % 4.1 3.6 239

4 0 °C 60°C
LM  D150 150 ± 5 % 1.1 0 .90 254

LM  G3 3 ± 5 % 95 .0 62.0 $57 5

M
/  Year \

LM  G4 4  ± 5 % 85 .0 62 .0 575

LM  G4P5 4 .5 ± 5 % 85 .0 62 .0 575

LM  G5 5 ± 5 % 80 .0 62.0 575

LM  G6 6 ± 5 % 80 .0 62.0 525

LM  G12 12 ± 5 % 56 .0 37 .0 525

LM  G15 15 ± 5 % 4 5 .0 36 .0 525

LM  G20 20 ± 5 % 35 .0 28.0 525
LM  G24 24 ± 5 % 32 .0 21.0 4 80

LM  G28 28 ± 5 % 28 .0 21.0 4 80

/bvoiw ifee\ LM  G48 48  ± 5 % 17.0 12.0 575

LM  G150 150 ± 5 % 5.5 4 .5 675

S E N D  F O R  N E W  C A T A L O G  O N  FIX ED  V O L T A G E  
AND W ID E  R A N G E M O D U L A R  P O W E R  S U P P L IE S

Al a m Bda
■

E L E C T R O N I C S  w n  r,  a:
515 BROAD HOLLOW ROAD • M ELVILLE. L . I . ,  NEW  YORK * 516 MYRTLE 4-4200
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offer unique advantages of 
Tektronix split-screen 

bistable storage
□  NEW TYPE 549 DC-TO-30 MHz with sweep delay 

and >  5 cm/ps writing speed; accepts letter an& 
1-series plug-ins

E3 EXISTING TYPE 564 DC-TO-15 MHz accepts 2 and 3 
series vertical apd time-base plug-ins

T he  exclusive T ek tro n ix  split-screen, bistable storage feature 
is now availab le in tw o oscilloscopes, the new DC-to-30 MHz 
Type 549 and the fam ilia r DC-to-15 M Hz T ype  564.

Both offer the unique capability for simultaneous storage and con­
ventional oscilloscope operation, plus general purpose convenience 
and plug-in versatility. These features add up to the kind of value 
you can expect from Tektronix.

Tektronix Bistable Storage Offers 
Contrast of a stored trace independent of viewing time 
Brightness of a stored trace independent of viewing time 
Brightness of a stored trace independent of writing speed

Storage Scope Type 549 Type 564 Type 564 Mod 08

Brightness 2.5 ft. L 6 ft. L 2 ft. L

Writing
Speed

Normal 0.5 cm//US 25 cm/ms 100 cm/ms

Enhanced >5 cm//is > 125 cm/ms 500 cm/ms

Contrast Ratio >4:1 2:1 2:1

Erasure
split screen 
full screen 

remote/Auto

split screen 
full screen

split screen 
full screen

Display Area 6 cm X 10 cm 8 cm X 10 cm 8 cm X 10 cm

■ 3 display m odes—(1) split-screen combination 
of storage/conventional displays, (2) full-screen 
storage, or (3) full-screen conventional displays.

■  saves film —extended viewing times of stored 
displays permit detailed waveform analysis in many 
instances without photography.

■ simplifies trace photography — once initial 
camera setting has been determined, no further 
camera adjustments are necessary, regardless of 
conditions under which future stored traces are 
obtained.
■  beam locate—locate pushbutton offsets beam 
into a non-store area on left edge of display, permit­
ting precise vertical positioning of beam before 
signal is stored.

■  adapts easily to various applications—ac­
cepts major plug-in lines for such applications as 
multi-trace, low-level differential, sampling, spec­
trum analysis, others.

■ Type 549 autom atic erase—can be selected for 
periodic or after sweep operation with selectable 
viewing times from 0.5 second to 5 seconds. In 
addition, Erase-and-Reset pushbutton—which per­
mits erasing display and rearming single sw eep- 
can be controlled remotely, if desired.
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Type 383 TIME BASE
CHANNtt

T Y P E  5 6 4

Storage time — Bistable Storage provides a stored display for 
up to one hour.

Erase time — 250 ms full cycle at normal operating level.

T Y P E  5 4 9

Storage time — Bistable Storage provides a stored display for 
up to one hour. When applications require maximum writing 
speed, viewing times of 20 minutes or less are recommended.

Erase time — 200 ms maximum, complete cycle.

Type 564 Storage Oscilloscope................................................ $875
Size is 13%"high by9%"wide by21)4" deep; net weight is 33 pounds. 
Uses 2-series and 3-series plug-ins.

Rack Mount Model RM564  $960
(same performance specifications, yet occupies only 7" 

standard rack height)
(Bandwidth DC-to-15 MHz with Type 3A5 Plug-in)

Plug-ins illustrated

Type 3B3 Time-Base U n i t ........................................................$585
(normal and delayed sweeps — 0.5 pslcm to 1 stem, calibrated 

sweep delay — 0.5 ps to 10 sec, single sweep, 5X Magnifier, 
fu ll passband triggering, fexible, easy-to-use — simplified trigger logic)

Type 3A6 Dual-Trace U n i t ....................................................... $540
(Dual-Trace—WmVIcm at DC-to-10 MHz, 5 display modes)

U.S. Sales Prices, f.o.b . Beaverton,Oregon

Time base features — Sweep Delay —from 1 microsecond 
to 10 seconds. Sweep Range — 5 s/cm to 0.1 /us/cm (Time 
Base A) and 1 s/cm to 2 pslcm  (Time Base B). X5 Magnifier 
extends fastest sweeps to 20 ns/cm (Time Base A) and to
0.4 pslcm  (Time Base B). Single Sweep — manually, auto­
matically, or remotely. Full Passband Triggering — with 
flexible, easy-to-use facilities, and Simplified Trigger Logic — 
with lever control of trigger functions.

Type 549 Storage O scilloscope..........................................  $2,375
Size is 17" high x 13" wide x 24" deep; net weight is 67 pounds.
Uses letter and 1-series plug-ins.

Type 1A1 Dual-Trace Plug-In Unit (illu s tra te d )..................$600
(Dual Trace — 50mVIcm at DC-to-30 MHz*, 5 mVIcm at 

DC-to-23 MHz*. Single Trace — 500 pV/cm at 2 Hz-to-14 MHz. 
5 Display Modes, front panel signal output)

*When used in Type 549.

For information on how  Tektronix can solve your measurem ent problem w ith  a
storage oscilloscope, call your Tektronix field engineer.

T e k t r o n i x ,  I n c .
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For those dreaming of computers for Christmas, or instru­
mentation using digital techniques, we have two free gifts 
for you — that really should be opened first.
Just published is a 540-page Handbook of Small Computers, 
which begins with a primer (or, what everyone should know 
about small computers), and goes on to describe, in detail, 
three of the most exciting small computers in the industry. 
The PDP-8/S, the PDP-8, and the LINC-8 are general pur­
pose, on-line, real time, Fortran-speaking machines that are

friendly, approachable, creatively adaptable . . .  Prices begin 
at $10,000 for a complete computer.

The 330-page Digital Logic Handbook describes four series 
of Flip Chip™ modules, which are not only ideal for interfacing 
with the computers, but from which most digital instrumen­
tation can be made. The handbook describes the logic in 
detail, as well as applications.

Write for your presents.

di gi  ta
COMPUTERS ■ MODULES

D I G I T A L  EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 . Cambridge, Mass. • New Haven . Washington, D. C, .  Parsippany, 
N. J .. Rochester, N. Y. • Philadelphia • Huntsville • Pittsburgh . Chicago • Denver Ann Arbor. Houston • Los Angeles. Palo Alto - Seattle . Carleton Place and Toronto. 
Ont, . Reading, England . Par,s. France • '  Munich and Cologne, Germany • Sydney and West Perth, Australia • Modules distributed also through Allied Radio
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Editorial

A dose of sugar and water

In Europe these days, the technological gap is 
receiving an increasing amount of attention as 
Europeans worry about the widening lead of the 
United States in advanced areas of technical 
activity. Statesmen in Europe are outdoing one 
another proposing solutions. In almost every one 
of these suggested cures, the U.S. will miracu­
lously transfer its know-how to foreign countries 
and everybody will live happily ever after.

If it were not for their high positions, it would 
be tempting to label the proposers of these cures 
as crackpots. Technology does not transfer that 
easily. But even worse, the cures are being pro­
posed before the would-be doctors know what 
the illness really is.

Technology is a broad rambling term that 
means the application of the principles of sci­
ence. Europe does not trail the U.S. in every 
technical area; in fact, it leads in several. But 
what most Europeans mean by a technological 
lag can be restricted to what’s happening in three 
major areas of activity: electronics, computers 
and space technology. Clearly, in these three 
areas, U.S. activity is outstripping that of 
Europe and the rest of the world.

What to do about the lag is not nearly so easy 
to see. Nobody knows for sure what causes 
a rapid rate of technological change [Oct. 31, p. 
23], Foreigners tend to look at only two factors: 
the amount of money spent for research and 
development and the number of engineers. Thus, 
almost all the plans offered to date suggest in­
creasing the sums spent for R&D, hopefully to 
the levels of those in the U.S.

All the programs ignore what may be the real 
limiting factors: the sociological characteristics 
of society. People or society determine how tech­
nology is used even more than do engineers and 
scientists.

Probably the most important factor affecting 
the rate of change of technology is the attitude 
of a people toward change. How willing people 
are to accept change; how willing people are to 
pay for change; how willing people are to gamble

on the risk of change—because technological in­
novation brings social ills as well as benefits.

The rate of technological change can be stim­
ulated by demand; necessity is still the mother of 
invention. New ideas, new products and new 
services almost never come from unfettered re­
search. Invariably they stem from a people’s 
demand for them. And such innovations come 
mostly from established science, from scientific 
principles that were first propounded 40 to 50 
years ago. So another important ingredient is 
direction or skilled management.

In the final analysis, the essential ingredient 
may not be how much money is spent on research 
and development but how the results of R&D 
are put to work.

In the United Kingdom, to cite one example, 
resistance to change and reluctance to apply 
technology developed outside Britain have been 
greater bars to technological advancement than 
the country’s small investment in R&D. A shin­
ing example, on the other hand, is Japan which 
has speeded up its technological progress almost 
miraculously with a relatively tiny investment in 
R&D.

Other costs, for tooling and marketing, play 
more important roles than do R&D expenses. 
They make change even more expensive because 
costs in the short run are always high while 
the benefits all seem to be in the long run. The 
Japanese have been willing to pay the bill. 
They’ve gambled on innovation and accepted 
change; they’ve worked long hours, and they 
have set up an amicable relation among govern­
ment, industry and labor to accept change. As 
a result, their country’s technology has prog­
ressed rapidly, and with the advancement, its 
economy has grown rapidly and healthily.

Before an effective cure for the technology lag 
can be devised, the real disease has to be identi­
fied and understood. The current proposers of 
cures say, “The patient is ill, give him a shot” 
even though they don’t know what the illness is. 
And the shot they are offering may be only sugar 
and water, no medicine for a serious ailment.

The tragedy of all this is that the government 
of the United States, which knows better, is will­
ing to go along with this placebo, pressured 
by political considerations. To answer the angry 
howls from countries of Europe, Africa and 
Asia, the U.S. government is ready to dole out 
expensive doses of sugar and water to quiet the 
indignation, not to cure the technological gap.
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From Avco:
Airborne Radio for 
Weight Watchers
Criteria for success in any new aircraft 
radio: Less weight, less space, higher 
performance.

To Achieve these goals in one step, en­
gineers at Avco’s Electronics Division 
outdid themselves. The 400 watt AN/ 
ARC-123 high-frequency transceiver

the 
U. S. Air 

Force goes 
into less than a 

cubic foot (0.95) and 
weighs 38 lbs. It includes a 

receiver-exciter, power amplifier, 
control box and mounting base, wide 
dynamic range, built-in test, solid state 
design, redundant power amplifier 
stages, and a guaranteed mean time 
between failure of 900 hours.

Specifications include: frequency range 
from 2.0000 to 29.9999 MHz., (280,000 
channels 0.1 Hz) plus SSB, AM, and 
FSK operating modes.
The AN/ARC-123 fulfills a need for a 
radio that will fit in any USAF aircraft 
using HF equipment. It is to be govern­
ment-furnished equipment aboard the 
Air Force’s F - l l l  and will be retrofit 
equipment for many military aircraft 
now in service.

P. S. Avco’s Electronics Division also 
designed and is building the ALR-23 
Counter-Measures Receiving System for 
the F-111A under sub-contract to the 
Fort Worth Division of General Dy­
namics Corp. For more information, 
write: Director of Customer Require­
ments, Electronics Division, Avco Cor­
poration, Cincinnati, Ohio 45241

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS , . . REGARDLESS OF RACE,, 
CREED, COLOR OR NATIONAL ORIGIN . . . WRITE AVCO ELECTRONICS DIVISION, CINCINNATI, 45241.

^ u s a ELECTRONICS DIVISION

Circle 24 on reader service card

A N /A R C -123 control box, receiver-exciter, and power 
am plifier



Electronics Newsletter

Holographic tv: 

picture is bright

FCC settles 

ground station 

ownership row

Three-way split ends 

keen competition 

for radar contract

What happened 

on Wall Street

November 28, 1966

Despite the skepticism of such eminent scientists as Emmett N. Leith 
[Electronics, Nov. 14, p. 7] and Denis Gabor, some experts say the near- 
term prospects of holographic television appear bright. Sometime in 1967, 
in fact, one company plans to unveil a prototype of a commercial holo­
graphic tv system that would require no more than the 6 megahertz of 
bandwidth that’s needed for color tv.

Says a top official of one research laboratory: “Give me 20 megahertz 
of bandwidth and I’ll build you a holographic tv system right now— 
and without using a laser for recording or projecting a 3-D image.” 

The basic technology has been proved, adds the official. “All that 
remains is the engineering for shrinking the required bandwidth—and 
that appears to be well within our reach.”

What’s more, he says, the prospects appear bright for the develop­
ment of a consumer market for holographic tv within this decade.

What’s behind the recent spate of pessimism that surrounds holographic 
tv?

The men who have devoted years of basic research in the field, in­
cluding Gabor—who’s considered the father of holography—reportedly 
would rather see it bloom in a scientific field, not for such entertain­
ment as the broadcast of a “Punch and Judy” show.

Ownership of ground stations used in international satellite communi­
cations will be divided between the Communications Satellite Corp. 
and the international carriers on a flexible formula. That’s the decision 
due any day now from the Federal Communications Commission, which 
has been studying the question of ownership for several months. The 
decision may well set the precedent for domestic station ownership, too.

Competition for a study leading to development of ground-controlled 
approach (GCA) radar for tactical forces has ended in a three-way award, 
to ITT Gilfillan, a subsidiary of the International Telephone and Tele­
graph Corp., Raytheon Co. and Westinghouse Electric Corp.

The contract-definition awards for the TPN-19 were made by the 
Air Force Electronic Systems division, Hanscom Field, Mass. Competi­
tion for the contract has been especially keen because the program will 
result in the first new family of GCA equipment since World War I I .

Also, Hanscom Field is expected to decide next week on a production 
phase contract for new tactical air-control operations centers. Litton 
Industries, Inc., and the Hughes Aircraft Co. are competing.

The colossal nosedive of electronic stocks during the past two months 
is due to over-enthusiastic sales and earnings predictions and production 
problems in the two best publicized segments of industry: color tele­
vision receivers and integrated electronics.

At the start of 1966 tv set makers predicted sales of 5.5 million color 
receivers. But a shortage of labor and some components is holding this 
year’s output down to an estimated 4.7 million. In addition, the ex­
plosive demand by consumers has shown signs of slowing.

Electronics j November 28, 1966 25



Electronics Newsletter

In integrated electronics, word of production problems at the Fair- 
child Semiconductor division triggered a stock price collapse because 
Wall Street brokers were already concerned about rapidly falling prices 
of IC’s. The real trigger was a warning by John Carter, chairman of 
the Fairchild Camera & Instrument Corp., that the company’s fourth- 
quarter profit wasn’t going to be as high as expected because of continu­
ing production problems.

The background: a few weeks earlier Fairchild reported third-quarter 
earnings below the second-quarter results. Then, Carter told a private 
hieeting of security analysts that fourth-quarter earnings would bounce 
back because the production problems had been solved. Admission they 
would not, caused alarm.

Meanwhile, Fairchild group vice president Robert N. Noyce blamed 
most of the difficulty on one product, the 709A operational amplifier. 
He maintains that the bulk of Fairchild’s IC production is not in diffi­
culty.

Bendix to show 

new air collision 

avoidance system

In a little more than a month, the Bendix Corp. is expected to unveil 
a new aircraft collision avoidance system that collides directly with the 
time-frequency approach preferred by the Air Transport Association. 
The system reportedly is a cooperative type in which both planes carry 
compatible electronics. It eliminates the need for highly accurate clocks 
and ground stations.

Meanwhile, the Collins Radio Co. has also indicated that it’s about 
ready to announce its anticollision system, which uses time frequency.

The Air Traffic Control Committee of the ATA will meet in Wash­
ington on Dec. 14 to decide what system will best do the job and 
whether it should be flight-tested.

Proceeding on its own, the Federal Aviation Agency, in January, will 
flight-test three approaches designed to avert air collisions over the 
ocean: time frequency, a radar beacon transponder and distance-meas­
uring equipment.

Tiny IBM cores 

need 60%  less 

drive current

Although advances in thin-film technology continually produce new 
memories that threaten ferrite cores [See story on p. 42], cores refuse 
to fade out. Two International Business Machines Corp. scientists have 
found a way to produce cores only 7% mils in outside diameter and 
4% mils in inside diameter. The cores consist of a 6-mil diameter mag­
netic toroid surrounded by a nonmagnetic strengthening shell. The tech­
nique was devised by James H. Brownlow and K.R. Grebe. The cores 
are so small they will pass through cores used in a memory shown last 
year by IBM and at the time considered the smallest ever developed 
[Electronics, Dec. 27, 1965, p. 36].

The new device’s biggest advantage is that it requires 60% less drive 
current than larger cores for an approximately equal switching speed. 
With such a small current, the memory could be driven by ordinary logic 
blocks, instead of by special memory drive circuits.

The cores have been threaded with up to three 1-mil wires using con­
ventional techniques, but their eventual application, in three to five 
years, is expected to be in two-dimensional memory arrays requiring only 
two wires to be threaded per core.
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CRTs
How low-power cathodes 

reduce size, save power, and decrease weight

AIL portable radar in field use Low-power heater is dwarfed
by conventional unit.

Often, in portable display systems 
ind equipment, all the space, weight 
md power savings which come from 
conversion to solid-state circuits may 
be overshadowed by the high power 
requirements of conventional CRTs 
-power requirements which usually 
mean a large power source of signifi­
cant size and weight. A cathode .050" 
In diameter and .011" thick is used 
by Sylvania to produce CRTs which 
consume only about 6 percent of the 
heater power needed by conventional 
■ubes. Thus, the way to wider appli­
cation of CRTs in portable equip­
ments has opened.

By reducing heater power require­
ments to a bare 1/16 of that used 
:n conventional CRTs, Sylvania’s low 
aeater power cathodes help to shrink 
ihe size of a wide range of portable 
anits. The reduced wattage require­
ments lead directly to savings in the 
space and weight required for the 
portable equipment’s power supply.

Needing only 0.21 watts (1.5 V, 140 
mA) compared with 3.78 watts (6.3 V, 
300 mA) for conventional heaters,

these low heater power cathodes 
allow reduced equipment tempera­
tures, upping life and reliability. This 
is another reason why they’re finding 
use in military and industrial gear.

One military application of CRTs 
with this improved heater is in the 
new, lightweight, man-portable ra­
dars designed and built by Airborne 
Instrument Laboratory Division of 
Cutler-Hammer for the U.S. Army. 
The radar, the AN/PPS-5, provides 
area surveillance out to 10,000 meters 
for vehicles and to 5,000 meters for 
detecting people. It uses two Sylvania 
CRTs with low-drain heaters, the 
SC-3364P7B and 3BGP1.

Type SC-3364P7B is designed es­
pecially for the PPS-5 portable radar. 
With a square screen area of 2%" by 
2%", this device has electrostatic 
focus and deflection. The 3BGP1 is a 
standard Sylvania low heater power 
unit. This compact, rectangular, di­
rect view device has a IV2" by 3" 
screen and electrostatic focus and de­
flection.

Another standard low heater power

tube is the SC-3511 used in Branson 
Instruments’ Sonoray model 301 ul­
trasonic flaw/thickness tester. Other 
standard units include the SC-3551 
and SC-3802. Both these, like the 
SC-3511, use helical-resistor post-de­
flection acceleration to achieve high 
writing rates and freedom from pat­
tern distortion. The 3BMP is a 3" di­
rect viewed tube with round glass 
screen and flat faceplate. It has elec­
trostatic deflection and focus with 
post-deflection acceleration.

In addition to the many standard 
and special units now available from 
Sylvania, the low heater power as­
sembly can be adapted to virtually 
any Sylvania industrial or military 
CRT to meet circuit needs.
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MICROWAVE SEMICONDUCTORS

New Schottky mixer diodes 
MQM-packaged for $- and X-band

New Schottky barrier diodes from 
Sylvania provide improved broad­
band operation over the 2-4 GHz 
and 8.2-12.4 GHz microwave bands. 
A low-capacitance micro-miniature 
013 package and a low junction ca­
pacitance are combined to achieve 
both broadband capability and low 
noise performance.

The new units, measuring only 
0.08" by 0.20" overall, olfer operation 
as mixers and video detectors at S- 
and X-band. Sylvania’s series D-5503 
S-band devices have maximum over­
all noise figures of as low as 6.0 db; 
while the X-band diodes, D-5506 se­
ries, are rated as low as 6.5 db.

Both the D-5503 and D-5506 lines 
are supplied in a versatile Sylvania 
MQM package which features a low 
dielectric glass hermetically sealed to 
the precision mounting pins. The re­
sult is a package capacitance of only 
0.08 pf. In addition to this low capaci­

tance, the MQM package features 
precise axial alignment of the mount­
ing pins allowing precision design of 
miniature holders. Easy insertion and 
positive rf contact in holders is as­
sured by package design having over 
50% of its length devoted to circuit 
contact area.

Low junction capacitance comes 
from the superior alignment methods 
used in a new Schottky barrier diode 
processing technique. The new proc­
ess employs epitaxial silicon to make 
devices with precisely controlled im­
purity distribution. This perfected 
method calls for a thin insulating layer 
and a relatively thick metallic con­
tact layer over the barrier. The insu­

lating layer and the superior mask 
alignment methods combine to assure 
the precise etching needed to pro­
duce low capacity barrier regions. 
The metallic contact and pinpoint 
mask alignment maintain the regis­
tration required during metallization 
to produce a reliable contact without 
increasing barrier region capacitance.

Improved manufacturing methods, 
batch processing, and a unique pack­
age are combined allowing Sylvania 
to deliver Schottky barrier diodes 
which have superior electrical per­
formance in conjunction with a prac­
tical mechanical design.
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INTEGRATED CIRCUITS

First: registers, counters and adders; 
now, a 16-bit 1C memory array

Availability of a 16-bit IC memory 
means Sylvania can now provide all 
the logic functions required by circuit 
designers. Like the register, counters 
and adders ivhich preceded it, this 
newest addition to Sylvania’s digital 
functional array series features com­
plete compatibility with Sylvania’s 
SUHL TTL devices. Now, more than 
ever, you can simplify your digital 
system requirements with ICs from 
Sylvania.

Sylvania’s new 16-bit integrated cir­
cuit memory, the SM-80, is designed 
specifically for high-speed scratch pad 
memory systems with cycle times in 
the 100 nanosecond range. This new

single chip device has 16 flip-flops ar­
ranged to form an addressable 4 x 4  
memory matrix, permitting non-de­
structive readout of all 16 bits. Read­
ing and writing is through four X and 
four Y lines brought out to eight ex­
ternal terminals. Read and write con­
trol is performed by four internal 
amplifiers; dual sense amplifiers for 
“1” and “0” reading, and dual write 
amplifiers for “1” and “0” writing. 
Each flip-flop in the four-by-four ma­
trix is logically connected to its own 
XM, Yn address combination, and to 
the sense and write amplifiers.

Memory operation can be shown 
by tracing the cycle for writing a

“1.” With selection lines and write 
inputs normally at ground, the de­
sired bit is addressed by raising the 
appropriate XM, YN lines above 2.0 
volts. Then, the “1” write amplifier 
input is pulsed above 2.0 volts and 
returned to ground.

The stored information may be read 
on the sense “1” output after the write 
pulse has been returned to ground. 
When reading, if a “1” is stored in a 
specific bit, the sense “1” amplifier 
will give the p roper logic level 
(ground), while the sense “0” ampli­
fier gives the complement.

The SM-80 series is word organ­
ized. It’s a 16-word one-bit memory.



This means it can be used to build 
multiple-bit, multiple-word scratch 
pad memories. The number of bits 
per word can be expanded in col­
umns where the XM and YN selections 
of each unit would be addressed in 
parallel. For example, 64 of these 
units can form a 16-word scratch pad 
memory in which each word is 64 bits 
long.

Circuit-wise, the sense outputs of 
the SM-80 series are from a single 
transistor with no pull-up network. 
This permits the wired OR function, 
making word expansion simple. Such 
expansion requires that an external 
resistor be used to pull up ORed col­
lectors. This resistor may be returned 
to any V0c less than 6 volts.

These memories require only a sin­
gle supply operating voltage of 5.0 V, 
and logic voltage levels are compati­
ble with those in Sylvania’s SUHL 
TTL devices. Power dissipation rat­
ing of each memory is typically 250

SM-80 Series
16 Bit Scratch Pad Memory
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mW. Designed to operate over tem­
perature ranges of 0° to +75°C, the 
SM-80 series is available in the stand-

ard Sylvania dual in-line package and 
the TO-85 flat pack.
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TELEVISION

All-new 20" monochrome tube 
to be ready for mid-’67 set models

Television set manufacturers are rap­
idly preparing for the effects of a 
recent Federal Trade Commission rul­
ing. After January 1, 1967, wherever 
oicture diagonal tube sizes are stated, 
ihe useful screen diagonal will be 
used. (Until now, the overall diagonal 
•neasurement was used.) Thus, 19" 
iets, as we know them, will be 18" 
tets with the advent of the new year.

The new 20" tube is a 114° device 
which offers 1.06 inches more useful 
screen diagonal than similar tubes 
with \9" diagonals. An additional 12 
square inches of useful screen area 
is provided. This tube also includes 
the same advances in tube design, 
materials, and production techniques 
that are incorporated in all Sylvania 
monochrome picture tubes.

Available for sampling in January, 
production quantities will be avail­
able in March of next year.

Sylvania’s picture tube line is one 
of the most complete in the indus­
try. Designers can continue to select 
from the wide range of tube sizes that 
comprise the full line.
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COMPARATIVE MEASUREMENTS

20" 114° Dark Tint Bulb 
and 19" 114° Dark Tint Bulb

20" 114° Bulb 19" 114° Bulb
Nominal Outside 
Dimensions

Diagonal 19.686" 18.625"
Major 16.726" 16.402"
Minor 13.452" 13.338"

Minimum Useful 
Screen Dimensions

Diagonal 18.625" 17.562"
Width 15.500" 15.187"
Height 12.125" 12.000"
Area 184 sq. in. 172 sq. in.

Crown of 
Face to 
Reference 
Line Length

7.894" 7.250"

RIMBAND OPENING APPROX. .50" 
GREATER THAN MIN. SCREEN DIM.



PHOTOCONDUCTORS

Figure 1 Figure 2

Signal switching and control problems solved 
with versatile PL assemblies

Photoconductor-Lamp (PL) assem­
blies provide an economical and 
simple solution to many of today’s 
com plex sw itch ing  and control 
problems. Circuit applications of 
Sylvania’s PL assemblies include: On- 
Off Switch, Sequential Switch, Logic 
Functions, Gain/Volume Controls, 
Electrically Controlled Circuit Func­
tions (Delays, Oscillators, Filters), 
Linear Amplifier, Voltage Current 
Regulators, Motor Speed Regulator, 
Chopper, Special Musical Ef fects 
(Vibrato, Tremolo, Percussion), and 
Modulation.

Moderate power handling capabil­
ity, noise-free operation, fast “on” 
time coupled with slow off time, and 
high circuit isolation all combine to 
make Sylvania’s Photoconductor- 
Lamp assemblies ideal for many cir­
cuit applications. Heart of the assem­
bly is a reliable light source (incan­
descent or neon lam p), optically 
coupled to cadmium sulfide photo­
conductors. Electrically, this means 
the PL assembly is basically a vol­
tage- or current-controlled resistance 
ranging from a few ohms to infinity.

It acts as both a switch and a poten­
tiometer. Here are some of the appli­
cations of this reliable device.

When used in remote control appli­
cations (Figure 1), PLs allow ampli­
fier circuits to be electrically isolated 
from interconnecting cables, thus 
eliminating extraneous signal pickup. 
In audio or video gain control cir­
cuits, besides giving automatic and 
remote control capability, the PLs 
also eliminate noise such as that gen­
erated by the contacting arm of the 
mechanical controls.

In the “on-off” switching circuit of 
Figure 2, remote or automatic opera­
tion is possible. By substituting a 
small variable voltage for the switch 
and decreasing neon lamp supply 
voltage to slightly less than the sus­
taining potential, the circuit can be 
made to trigger when the variable trig­
ger voltage reaches a predetermined 
value. A series-connected switch in­
serted in the lamp circuit turns off the 
lamp.

Economical logic circuits may be 
constructed using a number of PL as­
semblies. Figure 3 shows a typical

AND circuit where outputs of several 
PLs are connected in series. All lamps 
must be lit to reduce the output re­
sistance sufficiently to turn on the 
controlled circuit. In an OR circuit, 
the output of the PLs would be con­
nected in parallel. Then, lighting of 
any lamp drops the output circuit 
resistance to a low value and turns on 
the controlled circuit.

Low frequency modulation of audio 
or rf is achieved by Figure 4. Here, 
the modulating frequency applied to 
the grid varies the triode amplifier’s 
plate voltage. Since the plate voltage 
fires and maintains the neon lamp in 
the PL, these variations cause corre­
sponding current fluctuations through 
the lamp.

The resulting change in the lamp’s 
light output in turn produces varia­
tions in photoconductor resistance, 
thus giving modulation of the out­
put signal. Modulation envelopes pro­
duced using Sylvania’s type PL- 
1823P with modulating frequencies 
of 1 and 10 Hz show a 40% modula­
tion level with minimum distortion.
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INTEGRATED CIRCUITS

Easy design with the versatile 
new Dual Pulse Shaper/Delay AND Gates

Last month we described how exter­
nal connections on an AND gate, a 
Schmitt trigger and a SUHL output 
network were combined to form  
Sijlvania’s versatile Series SG-80 Dual 
Pulse Shaper/Delay AND Gates. The 
specific applications described below 
— one-shot, delay, pulse absence de­
tector and oscillator—attest to that 
versatility.

Each Sylvania Series SG-80 pack­
age contains two separate three-input 
multiple emitter AND gates (Figure 
1). An external tie point permits con­
necting a capacitor to the bases of the 
input transistors of each gate. This 
means the AND function can be 
delayed until the capacitor charges 
through an internal resistor. Leads of 
this internal resistor are also brought 
out to allow use of an external resistor 
in place of, or in combination with, 
the diffused resistor. The AND gate is 
followed by a level-detecting Schmitt

trigger which drives a typical SUHL 
output network.

By using the AND, level-detecting 
and capacitor point features of the 
SG-80 series, a variety of integrated 
circuit oscillators and pulse genera­
tors can be implemented.

The one-shot or pulse shaper of 
Figure 2 has output pulses ranging 
from less than 50 nsec to greater than 
one millisecond. In this circuit, input 
A must be of narrower pulse width 
than the pulse generated to avoid 
multiple pulses.

The SG-80 series can be used to 
delay either positive or negative 
input transitions. Figure 3 shows 
waveforms of a positive edge delay 
circuit. A negative edge may be de­
layed by using a NAND gate in series 
with the input and the SG-80. Positive 
and negative transitions of a pulse 
may be delayed independently by 
using both circuits in the SG-80 pack­

age. Figure 4 gives the logic wiring 
and waveforms.

A typical logic diagram for pulse 
absence detector operation is shown 
by Figure 5. Here, the input pulse 
must be wide enough to fully dis­
charge the capacitor each time it is 
applied.

When using the SG-80 series as a 
self-starting, free-running multivibra­
tor, a potentiometer may be used to 
continuously vary the oscillating fre­
quency. In Figure 6, the 3K limit re­
sistor is required for proper operation. 
With small valued capacitors, the unit 
oscillates in excess of 20 MHz with 
a positive output pulse of about 20 
nsec. A small resistor, R2 (650 ohms), 
stretches the width of this pulse at 
lower frequencies. The oscillator may 
be gated to produce bursts of pulses 
by switching an unused SG-80 input 
between logic “1” and logic “0.”
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Functional Diagram of SG-80 Series One Shot
Dual Pulse Shaper/Delay AND Gate

Figure 1

Delay Circuit 
To Delay A Positive Edge

Figure 3
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NOTE : INPUT MUST BE NARROWER THAN PULSE WIDTH

Delay Circuit
To Delay Positive And Negative Edge Independently
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Pulse Absence Detector
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MICROWAVES MANAGER’S CORNER

Electronic Fashions Change Too
What’s more fickle than a woman? 
Look no further than our industry.

As rapidly as fashions change in 
women’s clothes, so do techniques in 
the realm of electronics... especially 
in semiconductors! It seems to me that 
the area of most rapid change is 
microwave electronics; practical mi­
crowave cooking, education through 
TV’d microwave beams, CATV, outer 
space signals to earth through micro- 
waves, automotive safety devices by 
means of microwaves—to name just 
a few of the latest advances. To think 
we were nearly 100% military, only 
two to three years ago.

Now let’s combine microwaves and 
semiconductors and examine some of 
the results. Don’t stand in the way, 
the pace is fantastic! This combina­
tion gives us an industnj in itself 
which combines the talents of solid- 
state physicists, chemists, electronics 
engineers, mechanical engineers, 
metallurgists, chemical engineers and 
technicians covering all these fields. 
And this list is not even complete.

What are some of the results over 
the past 20-odd years that make us 
feel we are jet propelled?

First, let’s go back in history a bit. 
Semiconductor crystal rectification 
dates back to 1907, but did not be­
come practical until the early days of 
radio communications when point- 
contact crystals were used as detec­
tors. These were finally made obso­
lete by “thermionic” tubes for radios. 
How fashions change! Crystal diodes, 
still crude, were used until about 1940 
as power monitors for UHE

In the very early microwave receiv­
ers, mixer tubes were employed. But 
soon, because of noise and capaci­
tance problems, they were made ob­
solete by crystal diodes. Then basic 
research and development and pro­
duction began. The first microwave 
diodes were employed as mixers in 
S-band receivers. Later, others were 
developed as detectors for radar bea­
cons. Soon frequency coverage was to 
K-band. The first specification for the 
S-band mixer (1N21) was a conver­
sion loss of 8.5 db max. and noise ratio 
of 4 max. The first video detectors 
had typical figures of merit of 60.

Many hundreds of types of point- 
contact mixer and detector diodes 
later, Sylvania introduced epitaxial 
silicon for point-contact devices. Most 
of the recent point-contact silicon di­
odes introduced for L and S coverage 
have less than 5 db overall noise fig­
ure, including 1.5 db of IF amplifier 
noise figure. Figures of merit for video 
detector diodes approach 400 today.

Let’s turn to other ideas for micro- 
wave transmission problems and see 
how the pace has been. Early ampli­
fier tubes for 3000 me (Oops! 3000 
MHz) were developed at the MIT 
Radiation Laboratory in 1943. Noise 
figures achievable were comparable 
to receivers using crystal diodes of 
that time, and Torrey and Whitmer1 
stated, “It is unlikely that an rf am­
plifier can compete with crystals at 
higher frequencies.”

What happened? The tube scien­
tists went on to develop traveling 
wave tube amplifiers to obsolete that 
statement, but semiconductor varac­
tor diodes are now obsoleting TWTs! 
Bell Telephone Laboratories’ develop­
ment of the varactor in 1957 caused a 
revolution in microwave “solid-state” 
amplification, harmonic generation, 
and switching. Sylvania contributed 
the idea of epitaxial varactors for very 
low noise amplification and highly 
efficient harmonic generators.

The high mobility of gallium arse­
nide semiconductor material has 
made possible low noise figures and 
high efficiencies in the millimeter 
wavelengths. We now sell gallium ar­
senide pellets with formed junctions 
that serve as the heart of integrated 
parametric amplifier structures. Soon 
after invention of the tunnel diode 
in 1957, Sylvania produced the first 
microwave tunnel diode for still an­
other type of microwave amplifier as 
well as a microwave solid-state oscil­
lator. Up to millimeter wavelength 
operation has been achieved. Klys­
tron tubes and backward wave oscil­
lator tubes are now being challenged 
and made obsolete by tunnel diode 
oscillators, harmonic generator chains 
made up from transistor oscillators 
and varactor multipliers, Gunn bulk 
semiconductor oscillators, and the

newest diodes —the Read type and 
other avalanche diode oscillators. 
Gallium arsenide avalanche diodes 
and silicon avalanche diodes are 
available with X to Ku output power 
up to 10 mw on a commercial basis, 
with 500 mw reported in the labora­
tory. The pace is rapid; these devices 
were demonstrated to be practical 
only two years ago (although Read’s 
paper described them theoretically in 
1958).

We are now demonstrating ava­
lanche diode amplification of 10-15 
db at X-band in our laboratory.

Our industry certainly is moving 
forward. Even though our point-con- 
tact metal/semiconductor diode has 
been considerably improved, today it 
is giving way to the more sophisti­
cated Schottky barrier type, which is 
made by evaporation or sputtering a 
metal onto a semiconductor to form 
the junction. This diode is mod­
ernizing many mixer applications, 
especially doppler radars and high 
voltage systems. Very low noise fig­
ure Schottky barrier diodes are being 
introduced by Sylvania for Ku and 
Ka bands.

Device package design keeps pace 
with microwave transmission line 
technology advancement. Back in 
1956 we introduced the tripolar mul­
ti-octave bandwidth diode package; 
in 1958 we developed the first minia­
ture microwave diode for strip trans­
mission line—the “Micro-min” glass 
package; Sylvania’s “Pico-min” fol­
lowed in 1961; and our precision mini­
ature double-ended diode, the MQM, 
is fast on its way to becoming an in­
dustry standard.

They say women are fickle? As fast 
as ladies’ hemlines go up and down, 
microwave semiconductors obsolete 
microwave tubes. And “newest” mi­
crowave semiconductors replace both 
the “new” and the “newer.”

GENE FELDMAN

1 .  R a d i a t i o n  L a b o r a t o r i e s  S e r ie s ,  “ C r y s t a l  R e c t i ­
f i e r s , ”  V o l .  1 5



DIODES

High-voltage, fast-switching silicon 
epitaxial diodes now available

T Y P IC A L  FO R W A R D  V O LT AG E  v s FO RW ARD  C U RRENT T Y P IC A L  R E V E R S E  C U R R E N T  v s  T E M P E R A T U R E

Availability of high voltage, low 
apacitance silicon planar diodes is 

enabling TV and stereo manufactur­
ers to replace some tube functions 
vith these solid-state devices. A line 
if four improved silicon epitaxial di- 
ides from Sylvania allows circuit de- 
•igners to obtain the economy and 
■eliability of solid-state construction 
n a variety of circuits requiring fast­
ir medium-speed switching.

Sylvania now announces the avail- 
ibility of four high-voltage silicon 
epitaxial diodes in DO-7 packages for 
i wide variety of applications in com- 
mters, instrumentation, communica- 
ion and consumer products. The 
3-6718 and D-6719 are very fast 
witches with peak reverse voltages 
>f 200 and 150 volts respectively. The 
■ompanion D-6721 and D-6722 units 
eature reduced leakage currents with 
he same peak reverse voltages and 
;ood reverse recovery characteristics.

All types are rated at 250 mw power 
dissipation and are contained in 
Sylvania’s hermetically sealed, all­
glass DO-7 package. These improved 
voltage and switching characteristics 
are achieved with no sacrifice of the re­
liability and high performance levels 
which typify the Sylvania diode line.

A typical entertainment application 
of these improved DO-7 packaged di­
odes is color TV where D-6718 diodes 
are used as phase detectors in the

Absolute Maximum Ratings
Average Rectified Current, lQ 75 mA
DC Forward Current, Ip 115 mA
Forward Surge Current, lFSUR (1 sec) 300 mA
Power Dissipation, PT 250 mW
Storage Temperature, T$lg —65° to -f-175°C

ELECTRICAL CHARACTERISTICS
Breakdown DC Forward

voltage Current
@ 100 /iA @ 1.0V Vr

V min mA volts
D-6718 200 50 175
D-6719 150 30 125
D-6721 200 100 175
D-6722 150 50 125

color killer and color sync sections.
The color killer phase detector cir­

cuit requires two D-6718 diodes. In 
the presence of a color burst signal, 
this diode phase detector applies a 
negative potential to the grid of the 
color killer tube, holding it in cutoff. 
In the absence of the color burst sig­
nal, the phase detector allows the 
color killer tube to conduct. This ac­
tion biases the bandpass amplifier to 
cutoff. With the bandpass amplifier at 
cutoff, color information is not passed 
to the picture tube.

Two D-6718 diodes are also used as 
the phase detector in the color sync 
section. Here, the diode detector com­
pares the phase of the color burst 
signal with a 3.58 MHz reference os­
cillator signal. Any difference in fre­
quency or phase is detected by the 
diodes and a correction voltage is gen­
erated. This correction signal adjusts 
the phase and frequency of the refer­
ence oscillator to the proper value.

Uniformity of characteristics from 
diode to diode makes these units ideal 
for applications requiring matched 
devices. This uniformity is a result of 
Sylvania batch processing techniques 
in which thousands of diodes are fab­
ricated simultaneously. Reliability is 
enhanced by depositing a solid silver 
sphere on each epitaxial chip to as­
sure forward current stability. Relia­
bility is further improved by a double 
hermetic seal and 100% leak testing.

CIRCLE NUMBER 306

Reverse 
Recovery Time

Reverse Current @ l p = l R= 1 0 m A  Capacitance
25°C 75°C Recover to 1mA @ ov

nA Max /*A Max nsec max pF max
200 20 20 1.0
300 30 20 1.0
100 10 50 2.0
200 20 50 2.0

Use Sylvania's "H o t Line”  in­
quiry service, especially if you 
require fu ll p a rticu la rs  on 
any item in a hurry. It's easy 
and it ’s free. Circle the reader 
service number(s) you’ re most 
interested in; then fill in your 
name, title, company and ad­
dress. We’ll do the rest and see 
you get fu r th e r in fo rm a tio n

SYLVANIA INTERNATIONAL
1100 Main Street 
Buffalo, New York 14209

DeDt. No. A 1 O



RECEIVING TUBES

Get the noise output you want, over the spectrum you want
Electrical noise is usually a liability 
in electronic equipment, and many 
sophisticated techniques have been 
implemented to overcome or reduce 
circuit noise. But there are applica­
tions where properly controlled noise 
can be extremely useful. Test and cal­
ibration equipment use noise genera­
tors to determine receiver sensitivity 
and the frequency response of ampli­
fier and filter response. In the audio 
range, noise aids in measuring room 
acoustics and in testing microphones 
and loudspeakers. Two gas-filled thy- 
ratrons originated by Sylvania make 
it easy to obtain a constant noise out­
put over a wide frequency band.

Readily available from your Syl­
vania distributor, tube types 5643 and 
6D4 are the key elements in noise­
generating circuits that have output

100 1000 10,000 
FREQUENCY (Mhz)

frequencies ranging from the audio 
band up to 20 MHz. Both type 6D4 
(a miniature triode thyratron) and the 
5643 (a premium subminiature tet­
rode thyratron) require only simple 
associated circuitry to generate noise.

The circuit shows the rf noise con­
nection for the 5643 and the resulting 
frequency response. Magnet M pro­
duces a steady magnetic field which 
is directed diametrically across the 
tube. This basic noise-generating cir­
cuit should be immediately followed 
by a buffer amplifier to prevent re­
active loading. Frequency compensa­
tion and filter circuits can be included 
in the associated amplifier circuit to 
produce uniform noise output of the 
frequency range desired.

When used as an audio noise gen­
erator, the same circuit (but without

the magnet) provides 10 millivolts 
noise from 1,000 to 20,000 Hz.

The 5643 provides long life and 
stable operation under conditions of 
severe shock, extreme vibration, high 
altitude and high temperature. It is 
made and inspected to meet the ap­
plicable MIL-E-1 specification for re­
liability.

Type 6D4 thyratron is an excellent 
source of wideband noise to out past 
7 MHz. For noise generation, the tube 
is used as a diode with the grid con­
nected to the cathode. Again, the 
noise generator circuit should be fol­
lowed by a buffer amplifier to prevent 
reactive loading of the noise genera­
tor, and to facilitate use of any filter 
and compensating circuit which may 
be needed.
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INSTANT EAGLE RELAYS
Test Them Immediately... 

Set Production Quantities in Two Weeks !
That’s right . . . Eagle challenges you to compare them with any 
•elay on the market. NOW you can get immediate delivery on these 
general-purpose or medium-power relays. Test results prove they’re 
he finest of their kind in the world. Eliminate your relay delivery 
iroblems. Call your “Man from E.A.G.L.E.”. . . listed at the right. 
You’ll find he has full details and specifications on Eagle relays.

BLISS % IEA 0LE  SIGNAL
A D I V I S I O N  OF  T H E  E . W .  B L I S S  C O M P A N Y

736 Federal Street, Davenport, Iowa

YOUR “MAN FROM E.A.G.L.E.”
Distributors
Burlingam e, C aliforn ia  

415-697-6244 
Glendale, California

213- 245-1172 
Englewood, Colorado

303- 781-0912 
H am den, Connecticut

203-288-9276 
Orlando, Florida  

305-855-3964 
B altim ore, Maryland  

301-484-5400
Newton H ighlands, M assachusetts  

617-969-7140 
M inneapolis, M innesota  

612-922-7011 
C lifton, New Jersey  

201-471-6090 
Haddonfield, New  Jersey  

609-429-1526 
Albuquerque, New Mexico  

505-265-1020 
Albany, New  York  

518-436-8536 
Depew, New  York  

716-684-5731 
Endwell, New York  

607-723-8743 
Fairborn, Ohio  

513-878-2631 
Fairview Park, Ohio  

216-333-4120 
Dallas, Texas

214- 363-1526 
Houston, Texas

713-649-5756 
Seattle, W ashington  

206-725-7800

Representatives
Scottsdale, Arizona  

602-947-4336 
Pasadena, C alifornia

213- 681-4421 
Jacksonville, Florida

305-388-7656 
Orlando, Florida  

305-422-4295 
Roswell, Georgia 

404-993-6498 
Chicago, Illinois  

312-775-5300 
Chicago Illinois  

312-784-7314 
B altim ore, M aryland  

301-276-1505 
Norwood, M assachusetts  

617-769-3600 
M inneapolis, M innesota  

612-922-0243 
St. Louis, Missouri

314- 428-5313 
Hackensack, New Jersey

201-342-2602 
Latham , New York  

518-785-5032 
Rochester, New York 

716-436-4410 
Skaneateles, N ew York

315- 685-6172 
Fairfield, Ohio

216-333-4120 
Havertown, Pennsylvania

215- 528-6640 
Dallas, Texas

214- 748-7788 
Houston, Texas

713-224-9715 
Bellevue, W ashington  

206-454-5200 
Charleston, W est Virginia

304- 342-2211

Electronics | November 28, 1966 Circle 35 on reader service card 35



How the leading, one-source supplier of Mil-Spec 
synchros will solve your design problems: by the numbers.

Bendix® Mil-Spec synchros total 107 
different synchro models—cover 11 
major military specifications—and 
include nine primary sizes, ranging 
from the dwarf Size 08 (our most 
recent addition) to Size 37 (see chart 
for both).

What the numbers mean to you is 
simple: you now have a single source 
of supply for virtually every Mil-Spec 
synchro you’ll ever need—and nearly 
all the others, just in case.

What the numbers mean to us is 
simple, too: Bendix Mil-S-20708 
synchros are consistently chosen for

use on ground support equipment and 
navy ships. That’s a record we intend 
to keep.

There’s more: a valuable asset

Size
Max.

Diameter
(In .)

Typical
Weight
(Oz.)

No.
of

Models
BuWeps 08 0.750 1.6 3
BuWeps 11 1.062 4.4 10
BuWeps 15 1.437 9 19
BuWeps 18 1.750 17 16
Ordnance 23* 2.250 21 20
BuWeps 23 2.250 31 20
BuWeps 30 2.962 99 2
BuWeps 31 3.100 65 10
BuWeps 37 3.625 124 7

*MIL-S-12472, 16892, 20708, 2335; 
MS-51080, 51081, 51082, 51083.

M ontrose Division

called experience. Ours began in the 
1920’s with the original synchro con­
cept. Since then we’ve helped develop 
nearly every major military spec in 
use. Today, we’ll provide everything 
from  M il-Spec to our famous 
Autosyn® line to special, custom- 
made synchros for the unique 
problem.

What it all boils down to is this: 
when you need a Mil-Spec synchro 
(or any other kind), call the leader in 
synchros: Bendix. Phone us at (717) 
278-1161, Montrose, Pennsylvania. 
Or write for our new 42-page catalog.

C O R P O R A T I O N
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Optoelectronics

Sound picture
The traditional hologram starts 
with electromagnetic energy: inter­
ference patterns produced by light 
waves. But now a research group 
at the Bendix Corp. in Southfield, 
Mich., has developed a technique 
for producing holograms with ultra­
sonic waves. The result, says R.K. 
Mueller, manager of Bendix’s gen­
eral science and technical labora­
tory, is a technique 
that can produce, 
in real time, three- 
dimensional im­
ages of objects in 
murky water or, in 
the future, views 
of organs function­
ing in living per­
sons. Further, he 
adds, the tech­
nique could be 
used for nonde­
structive testing of 
encapsulated elec­
tronic components.
In all the cases, 
though, the object 
under study must 
be submerged in a 
liquid.

Like light. The
theory behind ul­
trasonic holograms 
is the same as that 
behind laser holo­
grams: it’s based 
in the spatial rela- 
:ionship between 
wo beams—a ref­
erence beam (be it light or sound) 
md a beam that reflects off the 
arget (in the case of light) or 
lasses through the target (in the 
:ase of sound).

In light holography, two phase- 
elated beams are used—either one 
»earn split in two or two separately 
generated beams. One beam is 
.imed at the target, with the re­

flected light captured on a piece of 
nearby film. The second beam, or 
reference beam, is aimed directly 
at the film. The reflected beam and 
the reference beam meet at the film 
surface. Since the phase of the re­
flected beam is shifted by the con­
tours of the target, the result is an 
interference pattern. The dark por­
tions of the pattern are out of phase 
and the bright portions are in 
phase.

The variation. In ultrasonic hol­
ography the same basic rules hold 
true, with some variation. Again,

two beams are used: one is a ref­
erence beam and the other passes 
through the target. In the Bendix 
design, two ultrasonic transducers 
are placed under water—one aimed 
directly at the object and the other 
slightly to one side [see diagram]. 
The transducer under the object 
fires an ultrasonic beam through 
it and the beam’s phase is shifted

in a way related to the object’s 
shape; the emerging beam strikes 
the water’s surface. At the same 
time, the reference beam is fired 
directly at the water’s surface; 
the two beams meet and inter­
fere at the water’s surface. At 
this area of interference, a rip­
ple effect is created: ripples where 
the beams are in phase and noth­
ing where the beams are out of 
phase. The pattern looks like the 
ripples caused by dropping rocks 
in water—but on a diminutive 
scale. The biggest ripple is no more 

than 1,000 ang­
stroms high, hence 
a slight wave in 
the water would 
have little or no ef­
fect on the pattern 
created.

To create the im­
age of the sub­
merged object in 
real time the Ben­
dix engineers aim 
a broad-beam laser 
at the water’s sur­
face ; the  la se r  
strikes the water, 
picking up the in­
formation of the in­
terference pattern. 
The light is then 
reflected off the 
water’s surface and 
can be viewed by 
a telescope. Then, 
by adjusting the 
focus of the tele­
scope, different lay­
ers of the three- 
dimentional object 
can be examined.

Picture that. To record the holo­
gram on film, a slightly different 
technique is used. Incoherent light 
is used to illuminate the water’s 
surface, causing each ripple to cast 
a small shadow. Then, a high-reso- 
lution camera snaps a picture of 
the surface, recording the actual 
ripple pattern. The Bendix engi­
neers then simply illuminate the
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film with a laser to reconstruct the 
image.

The technique is not limited to 
laboratory use, explains Mueller. 
But if the system were to be applied 
to oceanography, he adds, some de­
sign changes would be necessary. 
For example, to picture an object 
submerged in murky water, a 
large inverted glass dish could be 
dropped over the object. The air 
trapped at the top of the dish 
would form the surface for the in­
terference pattern and the trans­
ducers could then be positioned be­
low the object.

Limited to liquid. Since the ir­
radiating energy is acoustical, the 
subject being pictured must be in a 
sound-transmitting medium. And 
since the hologram is only seen 
through visible deformation of the 
medium surface, the medium must 
be a liquid.

Certain targets appear to be 
naturals for this technique, explains 
Mueller. The human body, which is 
able to transmit ultrasonic waves, 
can easily be a part of the system. 
Thus, by selectively focusing the 
viewing objects, different organs 
within the body can be viewed—an 
ability currently limited to X-ray 
techniques.

In the work performed so far, 
Mueller concedes, “the image qual­
ity is not very high. We feel that 
this is due mainly to the poor 
quality—that is, deviation from 
sphericity—of the acoustic refer­
ence beam.”

Manufacturing

An Eye for accuracy
To attach a wire lead to an inte­
grated circuit chip, first find your 
chip—and then make sure that the 
lead is bonded to the right pad. 
You may need accuracy of about 
a tenth of a mil. So far, machines 
haven’t done this as well as people, 
which is why thousands of women 
are now bending over microscopes 
on semiconductor production lines. 
A method developed at the Vidya 
division of the Itek Corp., however, 
may put these girls out of a job by

permitting automation of both die 
attach and lead bonding opera­
tions.

In the Itek process, electron 
beams scan the chip and a refer­
ence photograph simultaneously, 
and output signals from photomul­
tiplier tubes are correlated to de­
rive error voltages in x, y and 0 
(angular shift) to drive a servo plat­
form. Itek claims inherent accuracy 
of ± 1  micron, which is about 
l/25th of a mil—a figure that in­
dicates the application is aimed 
more at producing large-scale ar­
rays than conventional ic’s. Con­
ventional ic’s generally provide 
bonding targets several mils across 
the edges of the chips.

Classified order. The technique 
has applications far beyond those 
connected with semiconductor 
manufacture. Some of them are 
military; in fact, it was under a 
classified contract that Itek devel­
oped its correlation method some 
three years ago. For its first com­
mercial product, however, the 
company decided that the precise 
positioning requirements of the 
semiconductor industry offered the 
best market.

The Itek Electronic Eye comes

in two sections, one containing a 
flying spot scanner and the other 
the electronics to compare the sig­
nals. It will be priced at between 
$10,000 and $20,000.

Differences in the scanner’s pho­
tomultiplier tubes could lead to sig­
nals with different amplitudes, 
which the correlator would read as 
an indication of displacement of the 
workpiece. But John Day, man­
ager of Vidya’s program office, says 
that the company has effectively 
eliminated tube sensitivity as a 
problem “by taking advantage of 
inherent weaknesses in the com­
ponent.” How these weaknesses 
are exploited is considered pro­
prietary.

Equally as important to the cor­
relation process is the necessity for 
the signals to start out in phase, 
since the correlator effectively su­
perimposes one on the other.

No details. The correlator itself 
is circuitry—operational amplifiers 
and diode transistor logic inte­
grated circuits. When it has com­
pared the signals, it separates any 
difference into x, y and 6 vectors 
which determine the d-c voltages. 
Again, Itek will not disclose how 
the vectors are achieved, except to

Itek's Electronic Eye
accurately positions wire leads 
on integrated circuits. Photo at left 
shows correlator (with tiny tv screen 
at upper left) and manual controls. 
The circuit scanning and positioning 
gear are shown below.
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indicate that the phase shift of the 
two signals is the third variable.

That they are effectively picked 
off, however, is evident to anyone 
who has watched the breadboard 
version at the company’s labora­
tory. A small cathode-ray tube on 
the face of the correlator shows the 
chip, positioned at the center of a 
grid. As soon as the chip is moved 
off-center, the servo begins to whir, 
and it is hauled unerringly back. 
When it is in position, the scan 
area is automatically restricted, 
and the crt seems to zoom down on 
the chip, until actual device out­
lines can be seen.

The company says that nominal 
signal accuracy is 2 millivolts per 
micron of displacement in x and y, 
and 10 millivolts per degree in 6. 
The field of view can be varied 
from a square 10 mils by 10 mils to 
250 mils by 250 mils, and the scan­
ner can acquire and center the chip 
when as little as 5% of its area is 
within that field. The error signals 
themselves are actually more accu­
rate, at ±1  micron, than the scan 
pattern, which is 2% lines per mil.

Swing design. In effect, Itek has 
built a signal generator, and any 
commercial application would have 
to be custom built. For example, in 
semiconductor manufacture, there 
would have to be provision for the 
scanning device to swing away and 
let the bonding machinery get at 
the chip. “Until now,” says Day, 
“there has been no equipment with 
the capability of the Eye, and to 
my knowledge, there is no equip­
ment that will take advantage of 
it yet.”

The company does, however, 
have a contract with at least one 
semiconductor manufacturer, under 
which Itek will tailor an Eye; the 
customer is to develop his own 
automatic bonder. While Itek 
hasn’t identified the application the 
accuracy specs seem to indicate 
that custom large-scale integration 
production is involved.

Itek says that the Eye would find 
applications anywhere precise po­
sitioning is necessary. That would 
hold for a number of manufactur­
ing processes, and it also would 
prove useful in reconnaissance, 
automatic mapping and fire con­
trol, where radar return could be

used as the input information.
Since the correlator compares 

two video signals, there are also 
possibilities in optical reading. Itek 
has already considered a method 
for fingerprint identification.

Consumer electronics

Lofty view
In a few months live color televi­
sion coverage of local events will 
add a new dimension to electronic 
journalism. Millions will get a 
bird’s-eye view of a spectacular 
fire, a riot scene or a police man­
hunt, thanks to the mobility of the 
helicopter and the compactness of 
a solid state, wideband tv relay 
system.

Up to now, televising news 
events live and in color required 
transmitting equipment too heavy 
for a helicopter to carry. But a new 
transmitter weighs less than 40 
pounds and boasts a bandwidth of
6 megahertz. It can transmit high- 
quality color or black and white. 
Packaged in a cast aluminum hous­
ing, the unit measures 17 by 12 by
7 inches.

Only one station, k t l a  in Los 
Angeles, currently uses a helicopter 
for black-and-white television news 
coverage. Its transmitter has tubes 
in its final output stages and the 
results are marginal. The station 
frequently resorts to broadcasting 
programs that were taped earlier on 
the helicopter.

Channel 9 ( w o k ) in New York 
purchased a system made by Mi­
crowave Associates, Burlington, 
Mass., and is installing a trans­
mitter and antenna in its helicopter. 
The station is testing the system 
before actually putting it to work. 
The system is an adaptation of a 
very wideband reconnaissance-type 
link developed by the New England 
company [Electronics, May 2, 1966, 
p. 26], Militarized versions are used 
by all the services and some units 
are already aboard helicopters in 
Vietnam.

Changeover. In Boston, w h d h  

recently completed tests of the sys­
tem aboard its skyway patrol heli­

Compact color-tv transmitter, light 
enough to ride in a helicopter, is 
strong enough to beam signals 
to the ground.

copter, now used to broadcast radio 
reports of traffic conditions. The 
station has ordered a high-speed 
helicopter for tv news coverage and 
has filed a petition with the Fed­
eral Communications Commission 
for authorization to use the tele­
vision relay.

Station k t l a  has tested both the 
Microwave Associate’s equipment 
and a system made by the Alto Sci­
entific Co., Palo Alto, Calif.

Wide range. In the systems being 
installed by tv stations, an omni­
directional antenna is mounted on 
the helicopter, leaving the tracking 
to the ground part of the system. 
A 6-foot parabolic antenna stands 
at the receiver terminal on the roof 
of the studio building. A servosys- 
tem linked to a signal-strength in­
dicator automatically steered the 
dish in the Boston tests.

The relay system has a range of 
about 10 miles and the company 
says a high-power amplifier can 
stretch this to 30 or even 60 miles.

The final stage of the transmitter 
is a varactor diode chain driven by 
silicon transistors. Transmitter out-
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put is 2 watts and a second model 
puts out 20 watts.

Industrial electronics

Keeping track
Misplacing a railroad freight car 
seems about as likely as losing 
track of an elephant in a three- 
room apartment. But it happens all 
the time.

To the nation’s railroads mis­
placed freight cars cost time and 
money. And after years of indeci­
sion, rail managers are finally doing 
something about the problem of 
keeping tabs on their cars; the so­
lution hinges on electronics.

This month an industry group, 
the Association of American Rail­
roads, will start testing three elec­
tronic systems and the one that’s 
chosen will become a nationwide

standard. It will replace the current 
method of laboriously recording 
the identification numbers of the 
1.8-million U.S. cars as they pass 
designated checkpoints.

Active approach. The field tests, 
which will last for about six 
months, are taking place on a sec­
tion of Pennsylvania Railroad track 
near Tyrone, Pa. The three systems 
each use an active approach—elec­
tromagnetic energy is reflected 
from information tags fastened to 
the side of the car. However, each 
system does this job in a different 
way:

■ A helium-neon gas laser emits 
a beam that is reflected from retro- 
reflective strips in the system de­
signed by the Union Switch & 
Signal division of the Westing- 
house Air Brake Co. (Wabco), Pitts­
burgh.

■ Microwave energy is reflected 
from corner reflectors die-cast into 
strips of aluminum in the system 
designed by the Railroad Products

S y lv a n ia ’s K a tr ra k
system uses 
unmanned 
trackside scanner 
to read 
automatically 
information 
contained in 
coded retro- 
reflective tabs 
stuck to side of 
freight cars as 
they move by at 
operational 
speeds. Informa­
tion is sent to 
central location 
where decisions 
on the control 
and movement of 
the cars are 
made.

division of the Abex Corp., New 
York.

■ Light from a xenon lamp is re­
flected from red, white and blue 
retro-reflective strips in the system 
designed by Sylvania Electric 
Products, Inc., a division of the 
General Telephone & Electronics 
Corp., New York.

For the railroads, the savings 
from an automated car identifica­
tion system could be astronomical. 
For example, if cars could be lo­
cated automatically and sent to 
their next job by the quickest route, 
turnaround time for each car would 
be handily increased. A rise of only 
10% in turnaround time, the asso­
ciation estimates, would mean that 
the railroads would need 10% 
fewer cars to haul the same amount 
of cargo; at about $15,400 per car, 
that savings alone would amount 
to more than $3 billion.

On the road. Of the three sys­
tems to be tested only the helium- 
neon design has not seen active 
service on a railroad; it was re­
cently developed by Wabco [Elec­
tronics, Sept. 19, p. 25]. The other 
two systems have been in limited 
service in some railroad yards since 
about 1963.

Each company claims that its 
system will withstand the severe 
elements faced by the railroads— 
blinding rain and snowstorms, thick 
coatings of snow, ice and dirt. All 
three claim their systems can read 
the tags as cars speed by at 100 
miles an hour.

The payoff for the company 
whose system is selected would be 
handsome. First, all the 1.8-million 
freight cars would have to be 
labelled with identification tags; 
this should cost no more than $10 
per car. Then wayside scanners, in­
cluding logic and signal condition­
ing circuitry, would have to be 
installed around the country; these 
would have to cost less than 
$10,000 each, according to the asso­
ciation. Between 2,000 and 5,000 
scanning units will be needed. The 
actual transmission equipment— 
Teletype or microwave relay, for 
example—to central data gathering 
stations is not included in the price.

Laser sweep. In the Wabco scan­
ner, the beam from a 300-microwatt 
laser is reflected off a multisided

40 Electronics ] November 28, 1966



14-60

The 601 PE... a particular shape for a particular need.
Design with Mylar reliability in the size and shape of a 
disc! The slim, compact type 601 PE is tailored for printed 
circuits in m ilitary or industrial applications.

In all you will find more than 200 design variations of reli­
able TRW Capacitors. Round or oval cross-sections. Axial

or radial leads. Dipped, tape-wrapped, or metal enclosed 
cases. Essentially all these constructions are available in 
film -fo il, in metalized Mylar* and polycarbonate die lectric.

In a tigh t spot? There’s a TRW Capacitor to help you. Con­
tact TRW Capacitors, Box 1000, Ogallala, Nebraska.

*D u  Pont Trademark
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mirror rotating at 3,600 revolutions 
a minute. It is swept through a ver­
tical arc of 45° which is traced out 
against the side of the freight car. 
The car tag reflects the light back 
into the scanner where it is re­
flected by a second mirror and fo­
cused onto a photosensitive field 
effect transistor.

The output pulses from the tran­
sistor, corresponding to the pres­
ence or absence of retro-reflective 
material are fed into integrated cir­
cuit logic. Code groups of alpha­
numeric characters, arranged on the 
car tag in standard Teletype form, 
can operate a five-level printer with­
out code conversion.

Color tagged. Sylvania’s system, 
called KarTrak, also uses a multi­
sided rotating mirror. It reflects a 
beam of light from a xenon lamp 
onto the side of the car. Each nu­
meral on the car tag is represented 
by two colored stripes in a two- 
out-of-four code.

Back in the scanner, the reflected 
light passes onto a dichroic mirror. 
Red and blue light is filtered and 
passed onto either of two photo­
multiplier tubes. White light, con­
taining red and blue components, 
is detected in both photomulti­
pliers. Black—the absence of a re­
flector—is the fourth color code.

Solid state logic circuitry iden­
tifies the numeral from its partic­
ular color combination and stores 
the pulses. Letters are represented 
by a four-digit numeral.

Radar, too. In the Abex radar 
system, a klystron operating at 36 
gigahertz supplies energy to a ver­
tically polarized transmitting wave­
guide. The beam focuses at a point 
where the identifying tags, con­
sisting of aluminum strips, % inch 
wide and 2% inch high, will pass. 
The strips, fastened to the car in 
a horizontal row, are die-cast with 
a corner reflector imprinted in 
them. Five strips make up a char­
acter.

The reflectors rotate the beam 
90° so that only horizontally po­
larized energy is picked up at 
the scanner. Vertically polarized 
energy radiated from the surfaces 
of the car is rejected.

Once again, solid state logic cir­
cuitry receives and stores the 
pulses. Three recirculating mag-

netostrictive delay lines in the sys­
tem can store data from more than 
400 cars. The other systems can 
store a comparable amount of in­
formation.

Computers

Think thin
Thin-film memories may be getting 
ready to challenge the ferrite core 
for a large percentage of the mass 
memory market. With the an­
nouncement at the Fall Joint Com­
puter Conference of the delivery 
of a large high-speed magnetic 
film memory to a Government 
agency, Texas Instruments Incor­
porated has signaled that it has 
solved the problems that have kept 
film memories from the production 
line and is ready to take orders at 
prices competitive with cores.

Inherently faster than cores, thin 
films have been touted as the way 
to break through the microsecond 
barrier for high-speed computer 
memories, but difficulties in getting 
reproducible large-scale produc­
tion, combined with a lack of stable, 
magnetic film materials, have de­
layed progress. Meanwhile, core 
technology hasn’t lagged—manu­
facturers have been able to squeeze 
more speed out of cores by making 
them smaller and wiring them up 
in new array configurations like the 
2%-D design. Now core memories 
are available that have cycle times 
of less than a microsecond, but this 
is approaching ultimate limits set 
by ability to thread wires [Elec­
tronics, July 11, p. 135].

According to H.D. Toombs, man­
ager of memory systems at t i ’ s 

Semiconductor Components divi­
sion, materials technology and pro­
duction techniques have advanced 
to the point where thin-film mem­
ories can compete in price with 
cores, at least in the mass memory 
market.

The reason for Toomb’s optimism 
is the 204,800-bit memory that t i  

has just delivered; it can operate 
with an access time of 105 nano­
seconds, and a complete cycle time 
of 350 nsecs. [Access time is the

time it takes for data to be avail­
able at the output of the memory 
after the read command is given. 
Cycle time is the minimum time 
between read commands. The cycle 
time is larger than access time be­
cause the memory has destructive 
readout, and the data must be re­
entered after each read command.]

Resists creep. Toombs says that 
much of the new memory’s success­
ful operation is attributed to the 
use of a nickel-iron-cobalt alloy for 
the magnetic film. The addition of 
cobalt gives desirable magnetic 
properties that are reproducible, 
and also resists creep, a slow 
change in the magnetic orientation 
of the magnetic film which ad­
versely affects the operation of the 
memory by introducing errors.

The film is vacuum deposited in 
thicknesses up to 2,200 angstroms 
on polished aluminum substrates, 
3 inches square. Each plane has a 
capacity of 128 words of 25 bits 
each. The memory stack comprises 
64 of these planes. It is organized 
as 4,096 50-bit words.

The complete memory includes 
peripheral circuitry such as input/ 
output registers, an exerciser, 
emitter-coupled logic gates and 
word drivers built with high-speed 
switching transistors.

Now Toombs feels t i  is ready 
to take on the core in the commer­
cial market: “We think we can sup­
ply something that systems people 
will really be interested in—a high- 
capacity memory that can operate 
at twice the speed of core mem­
ories, and at the same price.” He 
cites a range of 6 cents to 20 cents 
per bit, depending on the size of 
the peripheral circuitry, as the user 
cost for a t i  thin-film memory. The 
company is now working on de­
veloping a commercial line of mem­
ories for delivery in late 1967 or 
early 1968. The basic size will be 
400,000 bits, expandable in blocks 
of 32 kilobits. Cycle time for a 600 
kilobit memory will be 250 nsecs.

Toombs says t i  will definitely 
build two more memories in 1968 
for Government customers, and 
hopes to build four for commercial 
customers.

Not unanimous. Despite Toombs’ 
enthusiasm, core memory makers 
queried at this month’s computer

42 Electronics | November 28, 1966



SPEER
C JMPQNENT
» . v ' \  \  " -  ] n
" .  r ' Æ  « J  ' Mi l i i l l i l  i à ü

How to g e t m ore satis faction  
from  your m eta l film  res is to rs—  
w ith o u ts w itch in g  brands It’s easy.
Just ask your supplier to incorporate 
his resistors into packaged networks 
or assemblies.

With pre-assembled networks, you 
can obtain packaging densities far 
greater than those obtainable with 
individual metal film  resistors. In 
fact, volume savings of up to 80% 
can be achieved.

Pre-assembled and tested discrete 
resistor networks also offer reliability 
levels many magnitudes higher than 
those achievable with individual as­
semblies.

Another important advantage of 
networks is that manufacturing and 
performance cost factors can, in 
most cases, be surprising ly reduced.

As we noted above, these advan­
tages (and others) w ill accrue no

matter what brand of metal film  re­
sistor you happen to be using. On the 
other hand, we would be remiss not 
to remind you that our Jeffers 
Electronics Division’s JXP resistor 
has a definite edge over every other 
brand. Which means that networks 
incorporating this “white room" pre­
cision resistive element can really 
give you something extra in the way 
of increased satisfaction.

We therefore suggest that you 
don’t just investigate metal film  re­
sistors networks, but that you investi­
gate our JXP precision networks 
specifically. Mail us the coupon — 
and discover just how satisfying re­
sistor satisfaction can be.

Please try  to ignore the surplus  
perform ance th a t com ponents  
som etim es deliver

You probably read the editoria l on 
this subject that one of the industry 
magazines published not long ago. 
Nevertheless, the message is worth 
repeating:

A component designed to meet 
one set of specifications may also 
test out to more rigid specifications. 
And engineers have been known to 
cut costs by designing such a com­
ponent into equipment fo r which it 
wasn’t intended.

The only trouble is—they’re putting 
themselves out on a limb (not to 
mention their supplier). Subsequent 
lots of the component may very well 
turn out to perform much closer to 
the claimed sp ec ifica tio ns -fo r a 
variety of reasons.

Speer components are among 
those that sometimes deliver this 
surplus performance. (The operative 
word here is “sometimes,” inciden­
tally. There are also areas in which 
our components always outperform 
their specifications. But that’s an­
other s to ry -o ne  we’ll get into in a 
future issue.)

Your continued cooperation in this 
matter of under-specifying is much 
appreciated. We suspect that it’s a 
little chilly out there on that limb.

Typical Error # 8  in the tes tin g  
of inductors

We’re referring specifica lly to the 
testing procedures for measuring in­
ductance and Q, as outlined in MIL- 
C-15305.

We heartily recommend these pro­
cedures fo r all commercial, industrial 
and m ilitary users of inductors (even 
users of our superb Jeffers induc­
tors). But, as our headline suggests, 
there are more than a couple of com­
monly made test errors to watch out 
for.

There are eight.
Error #8 , fo r example, consists of 

extreme variations in test area en­
vironment. Solution? Make sure that 
your measurements are made at 
room ambient temperature, relative 
hum idity and pressure.

In future issues, we’ll cover the 
other seven errors and indicate how 
to avoid them also.

So watch this space.

Spe&i QuibonG- j

Speer Carbon Co. is a Division of 
A ir Reduction Company, Inc.
JEFFERS ELECTRONICS DIVISION 
DuBois, Pennsylvania 15801

Rush complete information on your metal 
film resistor networks.
Name______________________________
Title_______________________________
Company___________________________
Street______________________________
City__________ State_________ Zip____  !
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conference in San Francisco, ap­
peared unconcerned about the po­
tential impact of thin films on their 
markets. Herbert Nelson, engineer­
ing manager of product applica­
tions for the Ferroxcube Corp. of 
America, doubted that thin-film 
mass memories could be produced 
which would compete with com­
parable core memories operating in 
the l-^sec range. He said that com­
plete memory systems of this type 
built with cores were going for 
about 6 cents a bit, including all 
the peripheral electronics.

Another Ferroxcube engineer, 
E.L. Posiadlo, manager of memory 
systems, said his company wasn’t 
in the race for higher speeds, but 
was seeking instead to broaden the 
market for its core memories by 
encouraging their use in new non­
computer applications. Process con­
trols, machine tool controls, and 
other industrial applications where 
low costs, not high speeds, are 
paramount, will keep cores in busi­
ness a long time, according to 
Posiadlo.

Safe bet. At least one company, 
Fabri-Tek, Inc., of Minneapolis is 
keeping its hand in both cores and 
films as a hedge against the future. 
Although the bulk of this com­
pany’s business comes from its core 
line, it is also marketing its 300 
series of thin-film memories for 
cycle times below 500 nsecs. One 
company representative said that 
Fabri-Tek would deliver a large,

44

random-access thin-film computer 
memory to a commercial customer 
next year, but declined to give per­
formance details.

Meanwhile, both core and thin- 
film proponents may soon be look­
ing over their shoulders at a new 
challenger coming up on the 
outside—semiconductor memories. 
While the new memories are pres­
ently very costly and relegated to 
the small-capacity class, rapidly de­
clining production costs and new 
technology, such as large-scale ar­
rays, may make them competitive 
very soon. And they are indis­
putably fast.

Fairchild Memory Products, a de­
partment of Fairchild Camera & 
Instrument Corp., displayed a Mi- 
croCell integrated circuit memory 
at the conference capable of cycle 
times from 50 to 100 nsecs with a 
capacity of up to 8,000 bits. And 
the champion of the lot is an inte­
grated circuit scratchpad memory 
described at the conference by en­
gineers of Motorola, Inc.’s Semi­
conductor Products division. With 
capacity for storing 64 words of 8 
bits each, it has a nondestructive 
read cycle of only 17 nsecs.

Military electronics

New wave
On Camranh Bay, some 190 miles

from Saigon, a converted seaplane 
tender, the u s n s  Corpus Christi 
Bay, is on station as a floating 
maintenance depot for helicopters 
and other aircraft fighting over 
Vietnam. The old vessel may be 
the forerunner of a fleet of modern, 
electronics-crammed floating de­
pots that could be dispatched any­
where to provide maintenance 
backup for all kinds of military 
gear—from rifles to complex com­
puters.

The experimental project, called 
Flat-Top, was established for the 
mobile forces of the United States 
Strike Command. Crucial to its op­
eration is a complex of closed- 
circuit television, facsimile, micro­
film, data-retrieval, computer and 
satellite-communication gear. With 
such equipment engineering draw­
ings of many of the mechanical 
parts that make up the Vietnam- 
theater fighting planes can be re­
produced in minutes. And with that 
data, the mechanics aboard the ship 
are able to repair or reproduce any 
mechanical part for a disabled air­
craft.

More to come? By year’s end, 
Pentagon officials will have fin­
ished their evaluation of the test 
project. If they are impressed by 
the Corpus Christi Bay’s perform­
ance, a second maintenance depot 
may be ordered to sea.

That vessel, probably a con­
verted aircraft carrier, will be cap­
able of testing and repairing com­
plex electronics systems on both 
airplanes and missiles.

To provide for swift repair of 
aircraft, the Corpus Christi Bay 
makes use of a central microfilm 
library that keeps records on all 
mechanical aircraft parts. A re­
quested engineering drawing can 
be quickly retrieved by the system 
and projected on closed-circuit tv 
to the shops on the ship so me­
chanics can verify that it’s the 
part they need. The detailed draw­
ing is then sent via fast-scan facsi­
mile to the shop.

In addition, by hooking into the 
military communication satellite 
network, the depot ship can be 
kept up to date with new engineer­
ing drawings transmitted from the 
Pentagon.

New dimensions. The military is 
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HAVE A
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Clifton designed this Torque 
Motor-Potentiometer especially 

for Redeye

Clifton’s deep experience with the "pancake” configura­
tion gained from our leadership in gyro pickoff synchros 
and resolvers qualifies us to solve special problems in the 
torquer fie ld .

A good example of our competence is this custom de­
signed torque m otor-potentiom eter combination designed 
especially for Redeye. The torque generated meets the full 
demands of the missile spec. The packaging of the pot on 
the back shows the advantage of using a vendor who can 
supply imaginative design and a wide range of capabilities.

Call Clifton for your special needs in torquers. Area 
215 MA 2-1000.

t ^  ,.rrfr # $ v
Redeye, traveling at supersonic speed, finds its target.

€ CLIFTON
D IV IS IO N  O F  L IT T O N  IN D U S T R IE S

Infantryman with Redeye in launcher

r :

- , , , . ..
Infrared sensor locks on target. Miniature computer 

directs steering fins to guide Redeye.

m
Electronics | November 28, 1966 Circle 45 on reader service card 45



Electronics Review

steadily expanding and speeding 
up the information retrieval sys­
tem for Flat-Top. For example, the 
Army’s Missile Command, which 
is in charge of this aspect of the 
project, last month demonstrated a 
new system, developed by the Al- 
den Electronics and Impulse Re­
cording Equipment Co. of West- 
boro, Mass., and the Eastman 
Kodak Co. of Rochester, N.Y.

The system marries a Kodak 
high-speed microfilm search-and- 
retrieval unit to an Alden facsimile 
scanner that records an engineer­
ing drawing first onto magnetic 
tape. A technician is able to feed a 
microfilm picture into a facsimile 
processor without tying up pro­
jecting time in the microfilm unit. 
Once the required document is lo­
cated, it’s placed on tape and can 
be transmitted via facsimile.

But the military isn’t fully satis­
fied with such a system. It’s exper­
imenting with more exotic gear— 
for instance, a laser storing-and- 
projecting technique that should 
be ready for testing next spring 
[Electronics, Nov. 14, p. 52],

Further, the military would like 
to add automatic check-out and 
fault-location systems to Flat-Top. 
The Radio Corp. of America has 
proposed a computer-based system 
similar in concept to the depot 
equipment developed for Army 
missile and communications and 
mobile land combat support sys­
tems [Electronics, Aug. 23, 1965, 
p. 88, and Sept, 19, 1966, p. 45],

Communications

Fast talk
To anyone who has to send gigantic 
amounts of data over conventional 
telephone lines, time means money. 
The Milgo Electronics Corp. of 
Miami, Fla., well aware of this, has 
developed a modem that sharply 
boosts data-transmission rates.

The Milgo modem can transmit 
2,400 bits per second on a band­
width of only 800 hertz. In contrast, 
the Bell System’s Dataphone, its 
highest-speed operational modem, 
transmits only 2,000 bits per second

and it requires the entire 3,000-hz 
bandwidth that’s available on the 
lines.

The Milgo modem, which is ex­
pected to reach the market by 
March, should prove to be more 
error-free than wider bandwidth 
systems. Since the unit’s frequency 
spectrum extends only from 1,300 
to 2,100 hz, noise and variations in 
line characteristics won’t affect the 
data signals as much as on wider 
bands.

New market. Although Milgo ex­
pects the nation’s independent tele­
phone companies to be a major 
market for the unit, an even broader 
potential market is possible: anyone 
who has a telephone could con­
ceivably send digital signals with 
the modem. The signals, however, 
would first have to be converted in­
to sound and then coupled into 
the telephone’s mouthpiece. A Bell 
spokesman concedes this is pos­
sible, providing the data signals 
don’t interfere with signals on other 
lines.

Sang Y. Whang, Milgo Elec­
tronics’ technical specialist who 
was instrumental in designing the 
modem, says that the basic aim was 
to concentrate a larger proportion 
of the modulated signal’s energy 
into a narrower band. Milgo uses 
differential phase modulation that 
carries coded information as one of 
eight allowed phase shifts on a 
carrier signal.

Unique not new. Whang notes 
that the eight-phase scheme is, in 
itself, not a breakthrough since 
others have used the same tech­
nique. However, Milgo has some 
unique features, such as a special 
band-limiting filter and a new 
method of obtaining synchronizing 
information from the wave.

Whang won’t discuss design de­
tails of the modem but he says that 
it’s the filter that allows the 3-to-l 
ratio of bit rate to bandwidth. “The 
filter is different from any known 
conventional filter,” says Whang. 
Such well-known filters as the 
Chebishev, Butterworth or elliptical 
would not work, he adds.

Even though the eight-phase 
modulation scheme concentrates a 
larger portion of the energy into a 
narrower band, band-limiting is

necessary because modulation com­
ponents still exist at all other por­
tions of the spectrum. This is a 
typical characteristic of a fre­
quency-modulated or phase-mod­
ulated, system. Milgo’s special filter 
reduces the transmission bandwidth 
without destroying the modulated 
signal’s phase information. “We’re 
very close to the theoretical mini­
mum bandwidth for such a sys­
tem,” adds Whang. “Anything much 
narrower than 800 hz will result 
in intersymbol interference, which 
prevents the modem from recog­
nizing the bits,” he explains.

Other high-capacity modems are 
on the horizon. Milgo is working 
on a unit that will transmit 4,800 
bits per second on a 1,600-hz band­
width over leased lines. And in 
1967 Bell Telephone Laboratories 
will test a modem which includes 
an automatic equalizer that will be 
capable of transmitting 3,600 bits 
per second over a conventional 
telephone line. Unlike Dataphone, 
which is a four-phase differentia] 
phase system, Bell’s design will 
employ multilevel vestigial side­
band transmission.

Space electronics

End of an era
When astronauts James Lovell and 
Edwin Aldrin rode their Gemini 
12 spacecraft to a near-perfect 
landing in the Atlantic, it marked 
the end of the Gemini program and 
the end of an era in space elec­
tronics.

It was the last major space pro­
gram to depend entirely on discrete 
components. Integrated circuitry is 
being introduced gradually into the 
three-man Apollo spacecraft and is 
expected to account for 70% of all 
space electronics by 1970. Despite 
several setbacks, Gemini has pro­
vided confidence in the electronic 
equipment needed to control every 
aspect of flight—from finding 
another vehicle in space to landing 
the spacecraft on target under 
computer control.

Problems. Communications was 
one of the major problem areas for
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Gemini. To improve the voice link, 
the Collins Radio Co. increased the 
flexibility of conventional equip­
ment by adding logic circuitry and 
redundancy selections. Electro-Me­
chanical Research, Inc., and the 
Radio Corp. of America increased 
the telemetry data rate by intro­
ducing pulse-code modulation tech­
niques for both real-time trans­
mission and later playback of data 
accumulated on the onboard tape 
recorders.

There were other troubles. The 
guidance computer, built by the 
International Rusiness Machines 
Corp. early in the program, proved 
too limited for the demands of 
Gemini and an auxiliary tape mem­
ory unit was built by Raymond En­
gineering Laboratories that pro­
vided a backup to the primary 
memory. To obtain the better at­
titude reference system needed to 
stabilize Gemini experiments, the 
Advanced Technology division of 
the American Standard Corp. de­
veloped a horizon sensor using 
sweeping heads similar to antennas.

On to Apollo. These and other 
electronics innovations are being 
adopted in the Apollo program. 
r c a  is building a rendezvous radar 
similar to the Gemini system lo 
aid docking between the Apollo 
command and lunar modules in or­
bit around the moon. A more ad­
vanced inertial guidance and navi­
gation system, this time using 
integrated circuitry, has already 
been developed for Apollo.

When the Gemini program ended 
on Nov. 15, the astronauts had 
added 1,940 man-hours of space 
flight to the 54 hours accumulated 
in six manned Mercury missions 
—at a cost of $670,000 per man­
hour.

Gemini was planned as a quick 
and cheap program to fill the gap 
between Mercury, which was cre­
ated in a panic to match Soviet 
space advances, and the Apollo 
program, established earlier in 1961 
to send men to the moon. It proved 
to be neither. The $1.3 billion final 
cost was double the initial esti­
mate, and the first manned flight 
on March 23, 1965, was more than 
a year late. Rut by the end of the 
program, Gemini had proved that 
man and equipment can survive

the hostile environment of space 
for as long as two weeks.

Far-out decision
As an unmanned spacecraft nears a 
planet, tracking signals from earth 
grow less accurate and course cor­
rections eat up fuel—factors that 
could endanger the mission. But an 
onboard guidance system may steer 
spacecraft to safe landings without 
help from earth.

The Jet Propulsion Laboratory 
has awarded a $l-million contract 
to Electro-Optical Systems, Inc., a 
Pasadena, Calif., subsidiary of the 
Xerox Corp., to build a prototype 
of the onboard guidance system. 
The laboratory will evaluate it for 
use on the Mariner mission of 1969.

Conceptual. The project is just 
beginning and no design concepts 
have been selected. Armand Tan- 
guary, manager of the information 
systems division at Electro-Optical, 
says the primary sensor will prob­
ably be some sort of an image-dis­
sector tube, vidicon or image orthi- 
con, mounted on the spacecraft’s 
frame. A set of gimbaled prisms or 
mirrors will acquire the target and 
reflect it to the tv tube. Depending 
on what kind of tube it is, the image 
will then be scanned and the data 
fed into a computer.

The computer first determines 
the curvature of the planet’s cir­
cumference and intersecting radii 
are calculated to pinpoint its geo­
graphical center. Even if part of 
the planet is obscured, trigono­
metric calculations can still deter­
mine the center. Once the center 
is found the landing area can be 
calculated.

More accuracy. “We cannot, as 
yet, say just how accurate our sub­
system will be,” says Tanguary, 
“but we know it will have to be 
more accurate than present Cano­
pus star trackers, which means it 
will have to be better than 30 arc- 
seconds. Naturally, we would like 
to see accuracies in the magnitude 
of a few arc-seconds, but this will 
be extremely difficult.”

The first flyable design will prob­
ably not be a closed-loop system, 
but will telemeter data back to 
earth for computation and compari­

son with earth tracking data. Even­
tually, when the system is proved 
and used to control missions, data 
will be fed to an onboard computer 
that will generate control signals. 
The computer will also be able to 
calculate target range by compar­
ing a calculated radius with the 
known radius.

Electronics notes

■ Laser memory. The Precision In­
strument Co. of Palo Alto, Calif., 
has developed a way to produce 
a digital data mass memory that 
can store up to 645 million bits per 
square inch. The process uses a 
1-watt continuous-wave argon laser 
to burn 1-micron holes in opaque 
polyester tape. A modulator gates 
the laser’s beam to produce bits 
that correspond to the digital data 
input. For readout, a light passes 
through the holes, onto a photo­
multiplier and then is translated 
into electrical impulses. One 2,400- 
foot reel of tape can store as much 
data as 47,500 similar reels of mag­
netic tape.

■ Speed is the aim. When it comes 
to hitting the target quickly artil­
lerymen are little better off today 
than in the days of World War II 
or Korea. But automated help is 
on the way. The Army believes 
that with modern data-processing 
equipment artillery fire could be 
much more effective than it is to­
day. Toward that end, the Army 
has commissioned the development 
of Tacfire, for tactical fire direction 
system. To start development of 
this program, field data systems 
headquarters at Fort Belvoir, Va., 
has notified electronics companies 
that it is interested in receiving pro­
posals. Two or three companies will 
be chosen soon to compete in the 
contract-definition phase. Next year 
one company will receive a total 
package contract.

■ Light blast. Space Ordnance 
Systems, Inc., of El Segundo, Calif., 
has devised a method of setting off 
explosives by laser energy pulsed 
through fiber optic pipes. The most 
immediate advantage: light pipes 
aren’t susceptible to radio-fre­
quency interference.
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Motorola 170-Watt Packages

Germanium Transistors 
Feature Ultra-Low 
Saturation Voltages, 
High-Power Gain

New 60-Amp

An u n p reced en ted  level of effic ien t high- 
power performance characterizes M otorola’s new 
2N4048-53,2N4276-83 germanium transistors! With 
extremely-low saturation voltages (VcEtsat) =  0.3V) 
and high gain (hPE =  20, min) at a full 60 amps of 
collector current, these new devices minimize power 
losses. Available with collector-emitter voltages from 
30 through 75 volts, they can operate at junction 
temperatures to 110°C.

The peak-perform ance param eters and low 
prices of these devices make them ideal for use in 
a wide range of in d u stria l/m ilita ry  high-power 
switching and am plifier applications.

W ith the addition of these standard 60-amp 
units, plus a capability to produce power transistor 
packages to 150 amps (MP800 series), Motorola pro­
vides the broadest selection of germanium power 
transistors in the industry! The chart illustrates this 
total coverage of requirements to 150 amps and 325 
volts. For im m ediate delivery on these, and any 
M otoro la sem iconducto r, call your franch ised  Check this chart for your power application needs—then select 
M otorola d is tr ib u to r  now. from Motorola’s total coverage germanium power line!

150

60

MOTOROLA 
GERMANIUM POWER 

CAPABILITY 
150 A M P S /325 VOLTS

25

10

10 75 120
COLLECTOR-EMITTER VOLTAGE (VOLTS)

325

M O T O R O L A  S e m ic o n d u c to rs
- u i fw e ,  tA e p A ia e lm  itiC j/ied iertb  a  a c m !

Electronics | November 28, 1966 Circle 49 on reader service card 49



Expanded housed D series opens new design 
areas for precision power metal film resistors
Dale’s expanded D Series com­
bines heat sink housings already 
proven by Dale Wirewounds with 
precision power metal film ele­
ments. The result:
1. As FILM RESISTORS, Dale’s D 
Series offer power/size ratio un­
matched by conventional parts 
(see chart).
2. As HOUSED RESISTORS, Dale’s 
D Series offer higher maximum 
resistance values and low re­
actance at high frequencies.

D S E R IE S  S P E C IF IC A T IO N S
■  Resistance Range: 50 n to 1 Megohm 

(D5), 50 S2 to 2 Megohms (DIO),
50 St to 2.6 Megohms (D15)

■  Tolerance: ±0.1%, 0.25%, 0.5%, 1% and 2% »Maximum resistance shift in 1000 hours of operation at rated power.

F IL M  R E S IS TO R  P O W E R /S IZE  C O M P A R IS O N

CHARACTERISTIC D SERIES
2-WATT 

METAL FILM
5-WATT 

CARBON FILM
4-WATT 

TIN OXIDE

SIZE

M  ^ „ L -4 3 2 0
— 2-1/16— *| 

□ □

k7/16-|

A
□ t

.5/16.

0
[— 2-1/16— -J

D O

D5
.334 W 

X .600 L

DIO
.420 W 

X .750 L

D15
.550 W 

X 1.062 L
Power Rating 4 Watts 8 Watts 12 Watts 2 Watts 5 Watts 4 Watts
Volume 0.064 in.3 0.123 in.3 0.320 in.3 0.242 in.3 0.600 in.3 0.145 in.3
Power Density (25° C) 62.0 w/in.3 65.0 w/in.3 37.5 w/in.3 8.3 w/in.3 8.3 w/in.3 27.6 w/in.3
Power Density (125° C) 20.4 w/in.3 21.4 w/in.3 12.4 w/in.3 8.3 w/in.3 2.1 w/in.3 13.8 w/in.3
Life Stability (Typical) * .1% .1% .1% 0.5% 0.5% 3%
Temp. Coefficient 25 or 50 ppm/° C 50 ppm/° C 500 ppm/° C 300 ppm/° C
Max. Operating Temp. 175° C 175° C 175° C 175° C 150° C 200° C

■  Power Rating: D5=4 watts, D10=8 watts (mounted 
on 4"x6"x.040" aluminum chassis) D15=12 watts 
(mounted on 5"x7"x.040" aluminum chassis).

■  Temperature Coefficient: ±25 and ±50 ppm/° C 
(-55° C to +175° C). Higher T.C.’s on request.

■  Maximum Working Voltage: 500
(D5), 600 (DIO), 700 (D15)

■  Dielectric Strength: 1000 VAC 
(D5), 1500 VAC (D10),
2000 VAC (D15)

■  Construction: Aluminum screw-mount radiator housing 
with resistance element molded inside for complete 
environmental protection. Meets all applicable 
requirements of MIL-R-18546C and MIL-R-10509E.

For complete details, write today 
or phone 402-564-3131

DALE ELECTRONICS, INC.
1300 28th Avenue, Columbus, Nebr.
In Canada: Dale Electronics Canada Ltd.
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Shift of Voyager 

to NASA centers 

due in early '67. . .

. . .  but budget 

will determine 

program’s pace

Pentagon expects 

favorable reaction 

to 1C directive

Panel recommends 

new agency to study 

frequency problem

Washington Newsletter
November 2 8 ,1 9 6 6

The National Aeronautics and Space Administration will not confirm the 
transfer of the Voyager spacecraft and capsule out of Jet Propulsion 
Laboratory [Electronics, Nov. 14, 1966, p. 25], but hints at it by noting 
an announcement concerning “alternate management assignments” on 
Voyager is due after Jan. 1. JPL currently is busy with Surveyor and 
Mariner and the shifting of work would keep the Langley Research 
Center, Hampton, Va., and Marshall Space Flight Center, Huntsville, 
Ala., busy. Both now have a declining work load. Of JPL’s 4,250 em­
ployees, only 114 are working full time on Voyager.

JPL will continue to manage the scientific instrumentation for the 
Voyager capsule.

The bidder’s package on the Voyager capsule study, which was due to 
go to industry in November, is completed but is being held up pending 
final determination of the budget and management. Some changes in 
the proposal request may now occur, since Langley, which would man­
age the landing capsule, reportedly differs with JPL on some aspects 
of capsule design.

The future of the Voyager unmanned planetary exploration program 
will be settled when the National Aeronautics and Space Administra­
tion’s budget is hammered out at the LBJ Ranch in Texas in mid- 
December. While it continues to appear that space agency chief James 
E. Webb, won’t get enough money to accelerate his program and aim 
for a 1973 Voyager flight instead of one in 1975, it seems likely he will 
get enough funds to keep the program going at the slower pace.

Comments solicited from industry associations and military departments 
on the proposed Pentagon microelectronics directive [Electronics, Oct. 
31, p. 26] will favor its adoption, officials in charge believe. The direc­
tive would specify that all new military research and development 
projects must consider the use of integrated circuits. The deadline for 
comments, originally Nov. 23, has been extended to Dec. 1 to give 
all groups time to answer.

Chances are better than ever that funds will be forthcoming to study 
the critical problem of electromagnetic spectrum utilization. An inde­
pendent study made for the Commerce Department recommends that 
a new agency be set up to carry out research to improve the over-all 
effectiveness of frequency usage. Other study groups have asked Con­
gress to do something about the problem but have never been successful. 
An industry official, familiar with these efforts, expects the Commerce 
Department to push hard for creation of the new agency. Noting that 
the Federal Communications Commission failed several times to initiate 
its own research effort, he comments that “maybe Commerce can pull it 
o ff .”

The panel’s report states that research and engineering on frequency 
usage has been “remarkably small and grossly inadequate.” It says that 
an annual budget of $50 million would not be excessive for the proposed 
agency, which would contract part of the research with industry.
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Washington Newsletter

Hughes works hard 

for satellite job

Selection of the contractor to build a tactical communications satellite 
for a 1968 demonstration flight is expected momentarily. The Air Force 
Space Systems division has been negotiating with the Hughes Aircraft 
Co., which looks like the winner since it reportedly was first among the 
six bidders in the technical and management ratings. Hughes was also 
said to have been low bidder on the satellite, which is expected to cost 
about $20 million. With its communications satellite work load dropping 
off, the company is said to want the new program badly. If the negotia­
tions with Hughes aren’t successful, the Air Force probably would move 
on to the General Electric Co.

Man on the moon 

still on schedule

The recent reshuffling of the early phases of the Apollo flight schedule 
—which included a delay of the first manned flight to February at the 
earliest and the cancellation of the second manned flight—is not 
expected to delay the lunar landing date. NASA always builds plenty of 
padding into the timetables of its major programs. The first manned 
Gemini flights began more than a year late, for example, but the full 
program was completed ahead of schedule. The changes—blamed on 
nonelectronic development problems—do not affect the first mission 
capable of landing on the moon. It’s still on for 1968.

It's budget time: 

the squeeze is on

The squeeze is on those research and development programs which are 
not aimed at limited war hardware: in fact, they are likely candidates 
for deferment or cancellation. Pentagon chiefs now are going over work 
plans line by line as they try to keep the fiscal 1968 defense budget down. 
Even contractors with money already designated for their projects are 
getting nervous. Recently, public relations men representing about 16 
companies involved in the Polaris and Poseidon missile programs at­
tended a meeting at which the prime contractors asked them to scrutinize 
their programs for possible items to publicize, thus making the public 
aware of them.

Hardware study due 

on orbiting antenna

Early results of feasibility studies on erecting a 30-foot parabolic antenna 
on a satellite in a stationary orbit look so good that NASA is expected to 
go ahead with the hardware definition phase next spring. Three com­
panies, Fairchild Hiller Corp., General Electric Co., and Lockheed 
Aircraft Corp., will finish the feasibility studies in December.

Shift in strategy 

could mean new 

military programs

Pentagon strategists are reevaluating U.S. military policy in the face of 
the deployment of an antimissile system by the Soviet Union. Prospects 
are that military strategy will be shifted and some major new programs 
for electronics equipment will get the go-ahead.

The crux of the current debate is this: would U.S. “assured destruc­
tion” capability be best maintained by an antiballistic missile, such as 
Nike X; by a new bomber, the advanced manned strategic aircraft; 
or by the improved Minuteman intercontinental ballistic missile?

One consideration is the countermoves that will be made by the 
Soviets. Deployment of Nike X would force the Soviets to increase 
their expenditures for penetration aids. A new bomber would probably 
force the Soviets to spend money on both aircraft and missile defenses.
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Why specify Mallory 
wet slug tantalum capacitors?

One reason: higher precision in timing circuits

0 20m s 60m s 100ms 140ms 200

Compare Charging Current-Time Traces reproduced from scope photographs.
Sweep speed: 20 m illisec/d iv  Vertical sensitivity: 3%  ^ a /d iv

DC leakage of a capacitor acts as a parallel 
resistor. In an RC timing circuit, Mallory wet slug 
tahtalum capacitors produce less time error than 
solid electrolyte types, because they have only 
about 10% as much DC leakage.

Want more reasons? Greater freedom from cata­
strophic failure—documented by millions of unit

test hours. Up to 5 times more rating per unit 
volume—as much as 172,000 mfd-volts per cubic 
inch. Highest voltage and temperature ratings. We 
make all types . . . wet-slug, solid and foil. Ask 
us for recommendations. Mallory Capacitor Com­
pany, a division of P. R. Mallory & Co. Inc., 
Indianapolis, Indiana 46206.

ANNIVERSARY
MallorY
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Everybody’s 
getting started in 

Complementary Symmetry... 
Everybody but Amperex!

We got started 
four and a half years ago.

Today we’re delivering 
the broadest line of 

complementary symmetry
transistors and accessories 

in the business...
delivering them off-the-shelf, 

in production quantities, 
at production prices.
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Complementary Symmetry, the ultimate in eco­
nomical, reliable circuitry for audio applications, 
will be found in most of the latest home entertain­
ment equipment.

While not a new engineering approach, Comple­
mentary Symmetry remained a textbook approach 
until early in 1962 when Amperex announced it 
had the tools to make the textbook dream come true.

Today Amperex is delivering the broadest line 
of Complementary Symmetry transistors in the busi­
ness ... off the shelf, in production quantities, at pro­
duction prices. We have the matched transistors, 
heat-sinks, circuits and application reports. Where 
required, breadboarded prototypes will be provided. 

d „ rÆ *

voltage, low impedance, low temperature devices 
for Class B push-pull.

Low voltage eliminates need for bottom plates, 
interlocks, etc. Low temperatures mean longer, more 
reliable component life. Simple mounting clip elim­
inates need for expensive heat sinks, mica insulating 
washers and mounting hardware. Low output im­
pedance of emitter follower output circuit obsoletes 
impedance-matching output transformer and re­
lated protective devices.
2N2707 matched pair 2N2430 (NPN) and 2N2706 
(PNP) for power up to 1 watt for low cost phonos, 
amplifiers and radio; TO-l’s in dual heat-sink clip. 
2N4136 matched pair 2N2430 (NPN) and 2N2431 
(PNP) for power up to 2.5 watts; TO-1 cases in 
dual heat-sink clip.
2N4107 matched pair 2N4105 (NPN) and 2N4106 
(PNP) for power up to 7 watts; TO-1 cases in ex­
truded aluminum heat-sink.
2N4079 matched pair 2N4077 (NPN) and 2N4078 
(PNP) for power up to 12 watts; TO-3 cases.

Complementary Symmetry achieves enormous 
manufacturing savings with no sacrifice in reliability, 
by using transistors as they should be used—as low

FOR AUTO RADIO OUTPUTS 
(5 watts at 13.6 volts)

THE 2N4079 PAIR IS IDEALLY SUITED

New Audio Designer’s Slide Rule
Ingeniously handy slide rule provides instant de­

sign data on seven most basic Complementary Sym­
metry circuits and all the scales and formulae you 
rely on in your daily work (on the reverse side). Use 
coupon for ordering and please enclose 50<f in coin 
or stamps to cover costs of mailing and handling.

J P 3 ! AUDIO CAS qtftÂïfc*

1 \ .I'-jl S .» XI-!<■>../., J2ZZUxS x ' ' *■* ÿ» «i :lg 4. 1 1
n « LJ: 5

AMPEREX OFFERS YOU TWO WAYS TO GO WITH COMPLEMENTARY SYMMETRY. . ,  
OFF THE SHELF ASSEMBLIES — OR — OFF THE SHELF TRANSISTORS

You can get immediate delivery on any of these printed cir­
cuit assemblies, starting as low as $2.73 * Add your signal 
source, speakers, cabinets, etc., and you’re in production:

For immediate action, use the coupon below or phone 
Product Manager Murray Barlowe, in Hicksville, Long 
Island, 516-WE 1-6200.

MODEL D E S C R IPT IO N
PCA-1-9 ................1W, 9V D.C., 4 Transistor Amplifier
PCA-1LDC-14 . . . .  PCA-1-9 less rectifier and filter capacitor
PCA-1-14................2W, 14V D.C., 4 Transistor Amplifier
PCA-2-9..................3/4W, 9V D.C., 3 Transistor Amplifier

**PCA-2SLDC-9 . . . .  Same as PCA-2-9 with off-on switch, less 
rectifier diode and filter capacitor

PCA-2-14................1W, 14V D.C., 3 Transistor Amplifier
PCA-2S-14..............Same as PCA-2-14 with switch
PCA-2LD-14 ......... Same as PCA-2-14 less rectifier diode
PCA-3B-18-1 .........4W/Channel Stereo Amplifier
PCA-6B-18 ........... PCA-3B-18-1 with pre-amp for ceramic
PCA-4-9..................1W, 9V D.C., 4 Transistor Amplifier

for radio and ceramic cartridge
PCA-4-9A ..............Same as PCA-4-9 with tone control circuit
PCA-4-14................2W, 14V D.C., 4 Transistor Amplifier

for radio and ceramic cartridge
PCA-4-14 A ............PCA-4-14 with tone control circuit
PCA-5A-14 ........... 2W/Channel 14V D.C. Stereo Amplifier

with balance tone volume
PCA-6A-25 ........... 8W / Channel Stereo Amplifier
PCA-6A-25SCS . . . PCA-6A-25 with separate control strip
PCA-7B ..................Tape cartridge pre-amplifier, stereo
PCA-8 .................... 20W Mono Amplifier
PCR-1-9..................9V—2 Transistor AM Tuner

Amperex welcomes the opportunity to quote on produc­
tion of your own designs or to design to your specifications 
. . . printed circuit assemblies for any industrial, commercial 
or audio application.

AMPEREX ELECTRONIC CORPORATION
Attention: Murray Barlowe 
Hicksville, Long Island, N. Y. 11802

Please send without delay, items checked off:

□  Circuits and Data Brochure on Complementary 
Symmetry Audio Amplifiers

□  Audio Designer’s Slide Rule
(Please enclose 50£ for handling and mailing)

□  Set of individual spec sheets on assemblies

N A M E .

C O M P A N Y -

S T R E E T  A D D R E S S ______________

C I T Y ________________________S T A T E  _ -Z IP -

T O M O R R O W ' S  T H I N K I N G  I in T O D A Y ’ S P R OD UC T S
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Quali ty  Need Not Be Expensive
Some people would have you believe that to buy the 

best, you must pay the most. This is not necessarily 
true. Price is only a measure of value— never a substi­
tu te fo r it.

At Stackpole, the real value of any resistor is deter­
mined by a combination of its performance record and 
its price. Perhaps this is why so many of our customers 
continue to specify Stackpole resistors year after year 
to maintain top performance for established products 
and for their new ones, too. Such confidence and loyalty 
cannot be based on price alone.

Uniformity has become the accepted characteristic of 
Stackpole resistors. Unique production methods, coupled 
w ith in-depth experience in manufacturing and testing 
are your assurance that Stackpole resistors will give you 
absolute performance. The resistors you order today will 
be identical in every way to your last order.

Most leading manufacturers of electronic equipment 
have long recognized Stackpole resistors fo r reliability.

Whether it be the rugged demands of portable television 
or the critical tolerances of space age communication 
and tracking equipment, Stackpole resistors deliver the 
performance you expect— the kind of dependability that 
builds a reputation for your products.

Why continue to pay a premium for quality? Let us 
prove that you get value from Stackpole. Quality re­
sistors, economically priced, are delivered promptly and 
backed up by our complete corporate facility. Next time, 
specify Stackpole. There’s a family of fine resistors 
available in sizes of 2, 1, Vz and lA watts. For samples 
and additional information, write: Stackpole Carbon Com­
pany, Electronic Components Division, Kane, Pa. Phone: 
814-837-7000 — TWX: 510-695-8404.

&  STACKPOLE
ELECTRONIC COMPONENTS DIVISION  

M  " O U R  6 0 t h  Y E A R "
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Announcing the Brush Mark 250, 
first strip chart recorder 
for the perfectionists
of the world.

Shown with 1 /xv preamplifier RD 4215-70; event markers optional.

m  C , AMPÜfM E«. 
»©naWvity

in c h M /m in

zero »v0pre*»ta<* vernier r*ng»e

CLEVITE
-brush i n s t r u m e n t s  d i v i s i o n

a. '■ V. ■

■

■

ru sh

See w hat we mean? The M ark  250  is fo r  the  
p e rfe c tio n is ts  o f the  w o rld . Ask yo u r Brush 
Sales E ng ineer fo r  a d e m o n s tra tio n . O r, w rite  
fo r ch a rt sam ple and sp e c if ica tio n s . C lev ite  
C o rp o ra tio n , B ru sh  In s t ru m e n ts  D iv is io n , 
3 7 th  & P erkins, C leve land, Ohio 4 4 1 1 4 .

Meet the fastest, most accurate strip 
chart recorder on record: The new Brush 
Mark 250. When you read about all the 
features you'll know why we call it the 
first recorder for the perfectionists of 
the world!
|  Unmatched frequency response. Flat to 

10 cycles on fu ll 4V i" span! U sefu l re 
sponse to  100 cycles. Nobody has a s trip  
ch a rt reco rde r in th e  same league.

O W ide selection of signal conditioners.
Choose from  21 in te rchangeab le  pream ps. 

Use one today; p lug  in a d iffe re n t one when 
you r re co rd in g  re q u ire m en ts  change.

0  Portable or Rack mounting. And e ith e r 
way you get th e  exc lus ive  new du a l po s i­

tio n  w r it in g  tab le .

y  Removable chart paper m agazine. Great 
fo r d e sk  top  record  review s. M an-s ized 

m a n u a l  w in d in g  
knobs le t you  ro il 
c h a rt fo rw a rd  a n d  
b a c k . C h a r t  r e ­
lo a d in g  is a c inch .

2  Crisp, clean rectilinear writing. Paten ted, 
pressurized ink ing  system  puts sm udge- 

proof trace in t o  the paper no t ju s t on it.

f l  Contactless, non-wearing feedback sys­
tem. Same one used in bu r m u lti-chan ne l 

M ark 200 recorders. (No s lide  w ire s !)  Ac­
curacy? Better than % % !

C Multiple chart speeds. P ushbutton  cho ice  
o f twelve . . . from  5 inches/second  to 

1 /1 0  o f an in ch /m in u te  (up to  8 days o f 
con tinuous recording).

The Brush Mark 250 First recorder for perfectionists



H ig h  p u r i t y  o f  l i t h iu m  n io b a t e  
b o u le s  is  m a in t a in e d  b y  m e t i c u lo u s  
c o n t r o l  o f  t e m p e r a t u r e  a n d  w i t h ­
d r a w a l  r a t e  as w e l l  a s  m ic r o s c o p ic  
p r e c is io n  in  f o r m u la t io n .

GROWING
LASER EFFICIENCY —

A tenfold increase in crystal 
fluorescence . . .  a tunable op­
tical source that converts a 
laser beam of one color to any 
other color in the spectrum . . .  
such achievements are the re­
sult of significant advances in 
the art of crystal chemistry. 
Crystals like YAG (yttrium alu­
minum garnet), for example, 
are expected to provide new 
host crystals for high-energy, 
optically-pumped ion-host la­
sers. Lithium niobate will pro­
vide a new and efficient means 
fo r deflection , m odulation 
and tuning of laser outputs. 
Sperry's staff of crystal tech­
nologists is, in fact, actively 
studying no fewer than forty- 
six different materials and us­
ing all of the principal crystal 
preparation techniques: Flux 
growth and flame fusion as 
well as the Czochralski and 
Bridgman processes. From this 
research will come materials 
for the next generation of elec­
tronic and optical devices.

V a r ia b le  s ig n a l  d e la y  a n d  t r i l l i o n ­
f o ld  a m p l i f i c a t io n  c h a r a c t e r iz e  th e  
p e r f o r m a n c e  o f  e x p e r im e n ta l  d e la y  
l i n e s  m a d e  w i th  Y IG  r o d s  a s  s m a l l  
a s  o n e  h a l f - in c h  lo n g .

DELAYING ACTION —
A half-inch of YIG (yttrium 

iron garnet) and a unique para­
metric pumpingtechnique have 
enabled Sperry physicists to 
demonstrate net gain amplifi­
cation of delayed microwave 
signals at room temperature. 
Variable delay and signal am­
plification up to 20 db net gain 
from L to X-band are the latest 
results. Without getting tangled 
up in miles of coaxial cable, 
YIG delay lines hold a key to 
higher resolution, less costly, 
Dopplerand pulse-compres­
sion radar and ECM systems. 
Other magnetic materials are 
also under study for microwave 
and computer applications.

H e a d e d  f o r  t h e  d i f f u s io n  f u r n a c e  —  insula tion d e p o s i t e d  o n  s ilicon wafer 
base p r o v id e s  a  b e t t e r  d i f f u s io n  m a s k  a n d  g r e a t e r  d i e le c t r ic  s t r e n g th  
t h a n  o x id e  g r o w t h  m e th o d s .

THICKSKINNED —
A new microelectronic in­

sulating technology developed 
by Sperry scientists promises 
increased electrical stability in 
the newest breed of semicon­
ductor devices and microcir­
cuits. Reliable passivation 
isolates circuits from environ­
mental deterioration without 
encapsulation. Insulation is de­
posited on the silicon base 
material, not grown by oxida­
tion. Deposition is ten times 
faster at half the temperature 
required fo r oxide growth. 
Thickness can be precisely 
controlled in layers varying 
from angstroms to mils. Con­
tinuing studies are exploring 
possible use of this technique 
with other base materials, such 
as germanium, gallium arsen­
ide, and indium arsenide.

DC DOES IT —
Sperry scientists tucked a 

tiny, silicon planar epitaxial 
diode into a small, tunable, 
resonant cavity and reverse- 
biased it beyond breakdown. 
Applied dc inputs produced 
microwave outputs, e ither 
pulsed or cw. This experimen­
tal transit-time oscillator has 
displayed high spectral purity 
and easy tunability in octave 
bandwidths over the entire mi­
crowave frequency range. As 
potential replacements for con­
ventional, low power micro- 
wave sources, such devices 
look especially suitable for fu­
ture ground, air, or space-borne 
radar and communication re­
ceivers, beacons, and radar al­
timeters. Current experiments 
aim at pushing the frequency 
capability well up into the mil­
limeter wave region.

□  These are Just a few o f the  many 
sc ien tific  achievements of Sperry 
Rand Research Center. Sperry can 
help you meet s im ila r short- or 
long-term  technolog ical objectives 
through basic and applied research 
in a varie ty  o f sc ientific  d isciplines. 
We are curren tly  engaged in in ten­
sive investigation and experimen­
ta tion  in the  fo llow ing areas:

SOLID STATE SCIENCES
M icroelectronics 
M icrowave and optical signal 

processing
M icrowave oscillators
Thin film  techniques
Laser m aterials and techniques
Crystal chem istry
Magnetic phenomena

PLASMA PHYSICS
Microwave and optical devices 
Re-entry plasmas 
Energy conversion

ATMOSPHERIC PHYSICS
Environmental modeling 
Active and passive radiom etry 
Laser atmospheric probing

SYSTEMS RESEARCH
Radar sciences 
Human factors
Applied m athem atics and control 

theory
Data processing techniques 
Underwater com m unications and 

sonar

SPERRY RAND 
CORPORATION

SPERRY RAND RESEARCH CENTER * Sudbury, Massachusetts 01776
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Kynar* is Tough!
That’s why it’s used on.. .

cable jackets

hook-up wire

component sleeves

In all three cases, insulation of Kynar* was 
selected because of its outstanding toughness 
. . . resistance to cut-through and abrasion, 
dim ensional stab ility  and mechanical 
strength.

What’s more KYNAR won’t degrade with 
age or severe environmental conditions. It 
is resistant to a wide variety of solvents and

provides excellent protection under condi­
tions of flex and vibration at temperatures 
from —80° to 300°F.

If your design calls for an insulating material 
that’s tough . . . really tough . . . ask your 
supplier about Kynar. Or, write Plastics 
Department, Pennsalt Chemicals Corpora­
tion, 3 Penn Center, Philadelphia, Pa. 19102

Kynar... the fluoroplastic that’s tough! (pEimSALT/
*Kynar is a registered trademark of Pennsalt Chemicals Corporation.

CHEMICALS «EQ U IPM EN T
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The small pin hole in the center o f this circle is more 
then enough light fo r  M T I Image Orth icon Television Cameras.
MTI is the world’s largest manufacturer of low light level TV systems. This simply means that low light levels are 
our specialty. Specifically, a t 1 x 10—5 foot candles of ambient light (approaching total darkness) MTI image 
Orthicon TV cameras w ill produce high resolution pictures. So the amount of light illustrated by the pin hole is 
more than enough.

There are hundreds of applications fo r MTI low light level equipment. Here are just a few: viewing nocturnal 
animals performing tasks, observing stars, examining small components such as transistors, diodes, capacitors 
and relays fo r minute flaws, and so on. In any application where low light levels are of prime importance,
MTI can solve your problems.

Seven different line scan frequencies are available “ off the shelf” . Specific details available on request.
If you have an application problem, call us. We can help.

m - t - i  MARYLAND TELECOMMUNICATIONS, INC.
Y o rk  &  V id e o  R o a d s , C o c k e y s v i l le ,  M a r y la n d  /  A r e a  c o d e  3 0 1 ,  6 6 6 - 2 7 2 7

WORLD'S LARGEST MANUFACTURER o f low lig h t level image Orthicon cameras
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RESOLVER/SYNCHRO 
DIGITAL CONVERSION
A very short course for engineers who are 
concerned with converting resolver or synchro 
data to digits and vice versa.

Engineers working in digital com­
puter in p u t/o u tp u t in terface sys­
tems for tactical airborne equipment, 
aircraft and space vehicle simula­
tion, antenna positioning or pro­
gramming, and similar systems are 
increasingly involved in solving the 
digital/analog interface problem for 
resolver and synchro data. Accom­
plishing this task becomes quite 
simple by taking advantage of North 
Atlantic’s family of high accuracy 
r e s o l v e r / s y n c h r o  conver t e r s .  
Through the use of solid-state switch­
ing and precision transformer tech­
niques, these converters provide 
single-speed accuracy and resolu­
tion from 10 to 17 bits, along with 
solid-state re liab ility  and calib ra­
tion-free operation.

Resolver/Synchro-To-Digital
Conversion
One typical North Atlantic resolv­
er/synchro interface is the Auto­
m atic Angle P o sitio n  In d ica to r 
(F igure 1), which converts an­
gular data from both 400Hz re­
solvers and synchros to d ig its .

Figure 1. Model 5450 Autom atic Angle Posi­
tion Ind icator converts resolver and synchro 
angles to d igita l form.

This device uses all so lid -s ta te  
plug-in cards and trigonom etric 
transform er elements (no motors, 
gears or relays), and operates at 

j all line-to-line voltages from 9 to 
115 volts. I t can be supplied in a 
wide range of configurations for 
specific system requirements, for 
example, signal frequencies 60Hz 
to lOKHz, binary or BCD outputs, 
.001° resolution with 10 arc second

accuracy, and multi-speed and /o r 
multiplexed inputs. Its  five-digit 
Nixie readout can be integral or 
remote.

The unit illustrated has an ac­
curacy of .01°, and two basic modes 
of operation. They a re  read-on 
command (rapid acquisition) and 
tracking (least significant b it up­
date). Prices s ta rt a t $5900.

Digital-To-Resolver/Synchro
Conversion
N orth  A tlan tic ’s all so lid -s ta te  
d ig ita l- to -re so lv e r/sy n c h ro  con­
verters (F igure 2) accept digital 
input data at computer speeds in 
either binary angle or binary sine/ 
cosine form and convert to either 
resolver or synchro data. Their 
high accuracy and resolution (up 
to 17 b its) and freedom  from  
switching transients meets an im­
portant requirement in space-mis­
sion simulation and antenna posi­
tioning systems for smooth servo 
performance at low rates of data 
change. All models are usually sup­
plied with input storage registers.

Figure 2. Series 536 Digital-To-Resolver Con­
verters translate binary d ig ita l angle to four- 
wire resolver data.

Depending on the combination of 
features specified, prices are in 
the $4500. to $6000. range.

Modular D-R/S Converters 
For High-Density Systems
The plug-in converters pictured in 
Figure 3 were developed by North 
Atlantic specifically for airborne 
systems and for a irc ra ft simula­
tion systems requiring high-den-

sity multi-channel operation. The 
modules illustrated provide 11-bit 
digital-to-synchro conversion and 
are capable of driving up to four 
torque receivers. As with other 
North A tlantic resolver/synchro 
interfaces, conversion is achieved 
through solid-state switching and 
tr ig o n o m e tric  tra n s fo rm e rs , so 
there are none of the stability or 
ca lib ra tio n  problem s assoc ia ted  
with conventional resistor-chain/ 
amplifier type converters. Prices, 
in production quantities, run about 
$1100. per set. In prototype quan­
tities about $1500. a set.

Figure 3. Series 537 D /S  Converter Modules 
can drive m u ltip le  torque receivers from  
11-bit d ig ita l data.

If  you would like to take advan­
tage of North A tlantic’s state-of- 
a r t  experience in resolver/synchi-o 
computer interface, we would be 
pleased to show you how these con­
verters can meet your particular 
requirements. Or if you prefer, we 
will arrange a comprehensive tech­
nical sem in a r fo r your p ro je c t 
group, w ithout cost, in your own 
plant. Simply w rite : North A tlan­
tic Industries, Inc., 200 Terminal 
D rive, P la inv iew , N .Y . 11803. 
TW X  5 1 0 -221-1879 . /  P h o n e  
516-681-8600.

PRECISION AC INSTRUMENTA TION FOR TEST, MEASUREMENT AND DA TA CONVERSION NORTH ATLANTIC
i n d u s t r i e s ,  inc.
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Are you haunted by these recording nightmares?

1. Big m o m en t-w ro n g  instrument? 2. Chart paper feedback?

3. Smeared traces — inky hands? T h e n -y o u ’re ready for CEC 's 5511.

B e c a u s e . . .
1. You don’t need separate  re ­
corders for separate jobs. CEC's 
portable, 2-channel 5511 features the 
versatility of plug-in signal conditioners 
for a wide range of voltage inputs. And 
you may convert from high-level signal 
inputs, to low-level inputs by a simple 
change of plug-in attenuator/amplifier 
units.
2. You don’t  need four hands to 
load paper. CEC’s foolproof 5511

eliminates those problems with its 
unique snap-in, front chart loading.

3. You can wear ink-free shirts 
again. CEC’s thermal-writing 5511 
guarantees you consistently clean 
traces with a high degree of resolution 
on heat-sensitive paper.

The 5511 is another reason why CEC 
is known as the leader in data recording 
—from event to readout.

For your permanent recording panacea, 
call the nearest CEC Field Office, or 
write for CEC Bulletin 5511-X36.

Data Instruments Division

CONSOLIDATED ELECTRODYNAMICS
A SUBSIDIARY OF BEU & HOWELL/PASADENA, CALIF. 91109 
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND 

AND FRIEDBERG (HESSEN), W . GERMANY
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Varian 
— 40 dBm 
CW TWT’s offer
unparalleled
performance
across
the
1 to 18 GHz
frequency
range.

FREQUENCY GHz

No matter where in the 1 to 18 GHz frequency range 
you’re working, you can find the 10 to 20 Watt TWT you 
need at Varian. Tubes in this series are conservatively 
rated at 20 Watts minimum except the VA-619, which is 
rated at 10 Watts minimum.

These air- or conduction-cooled tubes are built for sim­
plic ity of power supply design. They are small, lightweight 
tubes and are available with up to 60-dB gain. And be­
cause each tube is an all metal-ceramic, completely pot­
ted structure, they have proven exceptionally reliable even

under severe environmental conditions.
Similar TWT’s are available to the 200 Watt power level.

VA 614 G VA 615 G VA 616 G VA 617 G VA 618 G VA 619 G

1-2 GHz 2-4 GHz 4-8 GHz 5.5-11 GHz 7-12.4 GHz 12-18 GHz

For complete information on Varian’s TWT capabilities, write the 
Palo Alto Tube Division, 611 Hansen Way, Palo Alto, California. 
In Europe: Varian A. G., Zug, Switzerland. In Canada: Varian 
Associates of Canada, Ltd., Georgetown, Ontario, Canada.

varian
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ELECTRONIC

I N A C T I O N -

Custom blended 
for highest j performance

G-E microminiature hybrid circuits
■  Custom microminiaturization is 
yours with General Electric solid-state 
hybrid circuits, designed and built 
specifically for your application.

G-E hybrids combine the best 
technologies of discrete active ele­
ments and thick film techniques to 
offer performance advantages often 
unavailable in a lone integrated cir­
cuit. A blend of transistor, diode, and 
tunnel diode pellets selected from 
standard General Electric lines puts 
proven reliability in every hybrid. 
And G.E. can vary the components 
of each hybrid to provide a device 
specially built for your particular 
need.

In the last two years G.E. has built 
over 400 hybrids for a wide range of 
applications, including highly spe­
cialized military and aerospace proj­

ects. That same high capability can 
work for you—producing hybrids for 
microminiature linear or digital cir­
cuits with high voltage or power re-

G-E hybrid circuit 
for multi-vibrator applications.

quirements . . .  or high speed, low 
volume digital circuits . . .  or cir­
cuits demanding high frequency/high 
speed capability . . .  or in many 
other applications.

It's all a result of General Elec­
tric ’s total electronic capability.

For more information on custom 
microminiaturization with G-E hy­
brids, get the free brochure “Mono­
lithic and Hybrid Integrated Cir­
cuits”. Ask your G-E engineer/ 
salesman for publication 450.40. Or, 
write to Section 220-42, General Elec­
tric Company, Schenectady, New 
York. In Canada: Canadian General 
Electric, 189 Dufferin St., Toronto, 
Ont. Export: Electronic Components 
Sales, I.G.E. Export Division, 159 
Madison Ave., New York, N.Y.

S E M I C O N D U C T O R

GENERAL
P R O D U C T S  D E P A R T M E N T

ELECTRIC
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. tape recording systems. Write or phone: 
j a free copy is available for you. It's all about the development of magne 1 £ ajjf0rnia 90017, Phone (213) 482-0794. 
ch Corporation, Controls Division, 1123 Wilshire Blvd.,Dept. E-ll>Los Ange .es,

LEACH



R O V L S  YOU BELIEVE
I t ’s true! And only Esterline Angus offers a Three-channel 
Portable Oscillo Graph.

Like the Single and Two-channel units, the Three-channel 
Recorder’s frequency response is faster than that of any 
other portable oscillograph . . . 100 cps ± 10% at 30 mm 
peak-to-peak. I t’s down less than 3 db at 125 cps.

All three of the Portable Oscillo Graphs have four push­
button controlled chart speeds . . .  1, 5, 20 and 100 mm 
per second.

A balanced differential DC amplifier (with 5 millivolt 
per mm sensitivity) is built into the Single-channel Re-

Excellence in 
instrumentation for 

over 60 years

A Three-channel Portable Oscillo Graph 
w ith 100 cps frequency response?

corder. The same amplifier in modular form is used on 
Two and Three-channel Recorders.
In addition, Esterline Angus Oscillo Graphs (both port­
able and cabinet models) employ the exclusive inkless, 
heatless Direct-Carbon-Transfer writing method. D-C-T 
chart paper costs only half as much as heat sensitive 
paper. You can choose either standard or reproducible 
(by Ozalid or Bruning processes) chart paper.
For trouble-free writing, unequalled response and econ­
omy, investigate Esterline Angus Oscillo Graph Record­
ers. Write for our informative Series "O” Catalog.
ESTERLINE ANGUS I N S T R U M E N T  COMPANY, INC.  
BOX 2 4 0 0 0  E • I N D IA N A P O L IS ,  IN D IA N A  4 6 2 2 4
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November 28, 1966 | Highlights of this issue

Technical Articles

Com puter-aided design, 
part 2; design program s: 

page 68

Computers excel at some design tasks but fall short in others. 
A computer is not yet a substitute for the experienced circuit 
designer who can come up with circuit ideas. However, 
once the basic circuit is conceived by the man, the machine 
can do a good job of analyzing and optimizing the design. 
Computer programs that assist the designer have five levels 
of complexity—they range from programs which perform 
specific tasks to those capable of handling on-line graphic 
analysis and design changes.

Two Schm itt trig g ers Pairs of Schmitt triggers and combinations of trigger circuits 
lower hysteresis: and differential amplifiers are better than conventional cir-

page 75 cuits for detecting low-level signals. A surprising advantage of
this new family of switching circuits is that they provide 
high switching speed and fast cycling with extremely low 
hysteresis—a combination that doesn’t exist in conventional 
Schmitt triggers.

Integrated circuits make 
$100  digital instrum ent: 

page 88

Miniature digital voltmeter and counter 
demonstrates the feasibility of building 
automatic volt-amp-ohm meters and coun­
ters as cheaply as conventional electro­
mechanical instruments. Off-the-shelf in­
tegrated circuits convert input analog 
voltages into numerical values by a pulse- 
width modulation technique known as up- 
down integration. To dramatize usefulness 

of the design in control equipment, photographer Richard 
Saunders placed the instrument on a sheet of plastic and 
suspended it before a patchboard.

Fleets of balloons With the aid of tracking and telemetry equipment that weighs
to probe the weather: only a few ounces and costs only a few hundred dollars,

page 98  meteorologists are testing balloons that will circle the earth.
reporting atmospheric data. In the future, thin-film circuits 
on thousands of balloons will detect the data and transmit it 
to satellites. The satellites will collect the data and relay it 
to earth where giant computers, programed with mathematical 
models of the atmosphere, will prepare long-range weather 
forecasts.

Coming 
December 12

■ Special report on the Apollo program

■ Distortion in field-effect transistor amplifiers

■ Japanese communications systems
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Circuit design

Computer-aided design: part 2 
The computer excels as analyst

Key steps in c irc u it design range from  conception to  fabrica tion . 

Com puter-a ided design program s can be classified according to  

th e ir  ve rsa tility  and a b ility  to  peform  at each step o f the design cycle

By A rno ld  Spita lny
Norden division, United Aircraft Corp., Norwalk, Conn.

Can the com puter conceive new circuit designs or 
does its chief virtue lie in its use as a super slide 
rule? The consensus seems to be that as a machine 
for unburdening the designer from a mass of repeti­
tive detail work, it is hard to beat, but when match­
ing wits with the designer at the initial, creative 
stage of circuit design, the computer has a lot to 
learn.

An examination of the design cycle, along with 
a look at how computers have assisted at each stage 
of the cycle, should prove helpful.

The design process can be divided into four 
broad categories (see opposite page): synthesis, 
analysis, optimization and fabrication. The term 
analysis is usually used loosely to include develop­
ment of a model that represents the circuit, genera­
tion of equations to define the model, and testing 
of the model to determine response and sensitivity. 
The strength of the computer now lies in analysis 
and optimization. So far, the man, not the computer, 
is charged with coming up with the idea for a 
circuit which is likely to meet a given set of func­
tional specifications.

Yet, the very fact that the designer does not 
start from scratch, but rather calls upon his experi­
ence and recollection to synthesize a design—in as 
big chunks as possible—suggests that ultimately 
the computer can be instructed to perform the 
same type of synthesis. It seems even more likely 
that the computer, currently lagging in its poten­

The firs t article in this series, an overview of computer- 
aided circuit design, appeared in the Sept. 19, 1966 
issue. It covered techniques, practices and implications 
for the future. Subsequent articles will explain how pro­
grams are developed and applied.

tial for helping fabricate electronic systems, will 
assume a dominant role in that area, too.

A look at the system

Many of the techniques that the designer can 
exploit in using the computer to aid him in circuit 
design can be used to advantage at the earlier, 
conceptual stage for the entire system into which 
the circuit or circuit subsystems will fit. And what 
he finds at the systems analysis stage may bear 
upon his choice of attack upon the circuit problems. 
The system flow chart on page 71 shows how 
over-all system requirements effect the selection and 
design of circuits.

Simulation of the system by computer enables 
inexpensive comparisons of many alternative de­
signs. Costly construction of prototype equipment 
is avoided. Experiments can be performed through 
computer simulation that would be prohibitively 
expensive or dangerous in real life.

For example, an automatic steering and diving 
control system for submarines was designed and 
tested on an analog computer system, with the 
computer simulating the response of the submarine 
to control signals. As a result, no adjustments were 
needed when the control equipment was installed 
and operated aboard a high-speed nuclear sub­
marine.

In early experiments in which complete systems 
were simulated and checked out by computers, 
analog computers were widely used. They had ele­
ments that corresponded directly to the functions 
of portions of the equipment under study. While 
that approach worked well for relatively small, 
uncomplicated systems, it proved much too cum­
bersome for today’s more complex systems, and
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digital computers have largely supplanted analog The design cycle 
machines for systems studies. _________

New or old circuits

A successful systems analysis will provide the 
circuit designer with functional black box speci­
fications describing circuits that are needed. One 
key question asked by the circuit designer at this 
point is, “does a previously designed circuit or 
circuit module exist that matches the black box 
in question?” Unfortunately, information on previ­
ously designed circuits and modules is often not 
readily available and neat libraries of existing de­
signs are scarce. The human memory as the primary 
information storage medium is reasonably effective 
when all projects are channeled through one small 
design group, but as a company grows reliance 
upon human memory becomes outmoded and fool­
hardy.

Instead, a carefully planned and diligently main­
tained combination of summary catalogs, rapid- 
access, computer-maintained status files, and de­
tailed design and performance data files is needed 
to expedite search for and selection of standard 
units.

The flow chart at the top of page 72 shows how 
a search for a standard circuit is carried out. Steps 
that can be computer-aided are shown in color. 
Rectangular boxes in the flow charts represent 
processing steps; diamonds indicate decision points; 
ovals are human functions; half-cylinders represent 
information files; the torn sheet of paper represents 
a readout step and the symbol having a point on 
one end and a curve on the other represents a 
graphic interpretation step.

The standard circuit status files should indicate 
the range of application conditions for which a cir­
cuit is considered as a standard or preferred design. 
It should also list recommended alternatives. Com­
mercially available standard circuits should be iden­
tified in such a file. New circuits and modules 
should be designed only when satisfactory alterna­
tives are not available; they in turn should be 
added to the files and made available for use in 
future equipment designs.

Designing new circuits

When a wanted circuit does not exist or cannot 
be found, the designer embarks upon a fresh 
design. Basic steps involved in design and develop­
ment of new circuits are shown in the flow chart 
at the bottom of page 72. Here again, the steps 
which lend themselves to an assist from the com­
puter are shown in color.

The computer can excel in both analysis and 
optimization, yet it is not always exploited in both 
areas. Analysis follows synthesis in the design 
cycle, and, strictly speaking, begins with breaking 
the circuit into its component parts. A key to this 
analysis is modeling, or representing the physical 
elements of the circuit by equivalent circuit ele­
ments so that an equivalent circuit or model can 
be constructed. Then the circuit loop equations
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Heart of the design cycle 
are those steps that follow 
the pinpointing of objective 
requirements— namely 
synthesis, modeling, 
analysis, evaluation and 
iterative optimization.
Steps three through five 
are often lumped under 
analysis. In CAD, the 
development of an 
equivalent circuit replaces 
breadboarding at the 
modeling stage. Steps 
to which CAD can be 
applied are shown in 
tinted blocks— those most 
amenable are deeper in 
tone.
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must be generated. Often these steps are performed 
for the computer by the designer, in which case 
whatever analysis the computer makes is limited to 
evaluating the model.

In essence, the computer, with or without the 
aid of the designer, must simulate or model the 
circuit in such a fashion that the designer can 
instruct it to provide answers to specific questions 
about the circuit under study. For example, the 
designer may want the output under given input 
conditions. Or he may want to know the change in 
output under changing circuit conditions (changes 
in temperature or deterioration of components, for 
example).
Breadboarding minimized

In contrast to the formal circuit analysis that 
must be done either by or for the computer before 
it can proceed with an optimization or iterative 
evaluation routine, in manual design the circuit 
designer can get by with short cuts. For example, 
he need only guess at a probable solution, discuss 
its likelihood of success with a few associates (he 
can even skip this if he’s lazy, in a hurry, or very 
confident), then breadboard it. But he’s not apt to 
be able to tell how close he is to an optimum design.

Breadboarding and rebreadboarding is time con­
suming, and building more sophisticated proto­
types is expensive, as well. One result is that the 
designer is likely to settle on the first model that 
seems to work.

Another disadvantage of breadboarding is that 
modification and optimization of parameter values, 
tolerance checks, failure effect tests, and evaluation 
of changes in source, load, or power supply are 
extremely difficult to carry out with any degree 
of thoroughness and speed. And statistical and 
worst-case analysis of circuits are substantially 
impossible.

In contrast, experiments performed in computers 
on valid mathematical models of circuits provide 
much better control of experimental conditions, and 
provide more useful output data than comparable 
experiments on real circuits. However, it is often 
desirable to spot check computed results against 
experimental results, particularly when using a new 
program or a new device model for the first time.
Proof of the pudding: where CAD is used

Verification of where the computer has been 
most helpful in computer-aided design can be seen 
through an examination of the programs that have 
already been developed.

These can be classed in five groups: class 1 
programs are rudimentary while class 5 programs 
include today’s most sophisticated techniques. Gen­
erally, each class of program overcomes a limitation 
of the previous class, and together the classes 
illustrate the evolution through which computer- 
aided design has already passed. The five classes 
are as follows: class 1, specific purpose programs; 
class 2, general purpose programs requiring equa­
tion inputs; class 3, linear general purpose; class 4,

Rating the classes: how programs stack up

Class 1: Special purpose CAD programs may be 
strong in the optimizing stages of the design cycle, 
but they fall short in modeling and analysis be­
cause each program is restricted to a narrow class 
of circuit.

Class 2: Equation input general-purpose programs 
gain strength in the modeling phase of design, but 
only in the sense that they are geared to accept a 
wide variety of designer-developed circuit models. 
This class is weak in the mathematical analysis 
phase of design, since the user must write his own 
equations.

Class 3: Linear general-purpose programs rate 
well in both analysis and evaluation, because the 
computer both derives and solves the circuit equa­
tions.

Class 4: Nonlinear general-purpose programs, 
through their ability to handle nonlinear models, 
stack up even better in analysis and evaluation.

Class 5: On-line graphic-analysis programs rate 
best in optimizing routines since modifications can 
be made without waiting for the final readout.

nonlinear general purpose and class 5, on-line 
graphic analysis programs.

Most existing programs fall into the class 1 
category. These programs are written for a specific 
circuit configuration or for a limited class of cir­
cuits, such as passive linear filters. Since develop­
ment of a new computer program for every circuit 
is out of the question for the average designer, a 
more generalized approach is clearly needed.

Class 2 programs allow all circuits to be de­
scribed by sets of simultaneous mesh or nodal 
equations, in accordance with standard circuit 
theory. General purpose computer programs were 
evolved that accept these simultaneous equations, 
or their sets of coefficients, as input data. Two of 
the better known examples are the Sparc program,1 
developed by Autonetics, a division of North Ameri­
can Aviation, Inc., in 1962 for its Recomp com­
puter, and some programs developed at Arinc Re­
search Corp. [Electronics, Sept. 19, 1966, pp. 113- 
1141-
Computers write equations

It became apparent at most installations where 
class 2 programs were used that designers rebel 
at deriving equations and sometimes make mistakes 
in the process.

A third class of system was thus needed in which 
the input data to describe any circuit consisted only 
of the identification of all components and a de­
scription of how they are connected. The computer 
could then derive the simultaneous equations as 
well as solve them. Several truly general purpose 
circuit analysis programs of this type have been 
developed.

One of the best known and most widely used of 
these is the Electronic Circuit Analysis Program 
( e c a p )  [Electronics, Sept. 19, 1966, p. 112], It pro­
vides a very simple user-oriented language in which 
an engineer can describe any circuit or equivalent
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circuit which is made up of linear passive and 
active elements. He can then use the same language 
to call for d-c, a-c or transient analysis and a large 
variety of optional routines.

These optional routines include a sensitivity 
analysis which is used to evaluate the effect of 
changes in each parameter on every voltage in the 
circuit. In addition, a statistical routine combines 
these sensitivities with component tolerances to 
determine the worst case and standard deviation of 
variations from nominal output conditions as the 
components vary within their tolerance ranges.

The standard deviation calculation uses a direct 
moment method3 to provide essentially the same 
information that would require much more com­
puter time by a Monte Carlo analysis, in which 
hundreds of complete circuit solutions are calcu­
lated as all components are varied at random within 
their tolerance ranges. The Monte Carlo approach 
is preferable only when the component error dis­
tributions are very unsymmetrical. The linearity 
assumptions of e c a p  are usually valid for the small 
signal changes involved in tolerance studies, even 
when they are not adequate for analysis of the 
complete range of operating conditions.

Unfortunately, the world is full of nonlinear de­
vices such as transistors and diodes that cannot 
be represented accurately by linear equivalents over 
their full operating range. Though e c a p  offers some

limited nonlinear capability in the form of piece- 
wise linear approximation in its transient mode, this 
is far from adequate in transient analysis and use­
less for d-c or a-c analysis.

An e c a p  equivalent circuit for a transistor is 
valid only at a single operating point. It must be 
changed and the analysis repeated if the circuit 
does not operate the transistor at that level. Non­
linearity can thus be accommodated by repeated 
trial and error model modifications, and requires 
many computer runs.

Nonlinear methods

Class 4 programs for computer-aided design ac­
count automatically for nonlinearities by using non­
linear mathematical models, while preserving the 
input simplicity of e c a p . Ideally, the designer 
merely specifies a transistor or diode type, and the 
computer extracts the appropriate nonlinear model 
from its files.

One class 4 program is the widely used general 
purpose network analysis program, net-1 [Elec­
tronics, Sept. 19, 1966, p. 112]. net-1 uses a version 
of the Ebers-Moll nonlinear model for transistors, 
with a tape file of model parameters for some 
commonly used transistors. It is appropriate for 
transient and d-c analysis so long as the designer 
limits himself to components that are in the file. 
Otherwise, ponderous laboratory experiments are
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required to determine equivalent circuit parameters 
for new components.

A serious limitation of net-1 is that it was first 
written in machine language for the Maniac 2 com­
puter. It has since been translated into versions for 
the i b m  7090 and 7040 class computers, but still 
is highly machine-dependent and is designed to 
occupy the full machine. Thus, it is not compatible 
with the operating control systems of many large- 
scale computer facilities. The simplicity achieved 
by standardizing equivalent circuit format also 
carries the disadvantage of being unable to intro­
duce other equivalent circuits where they may be 
more appropriate.

Another approach to nonlinear circuit analysis 
was taken by engineers at Norden, a division of 
United Aircraft Corp., who have developed a d-c 
nonlinear system that can accept an almost unlim­
ited range of arbitrary nonlinear models. It can 
also use standard stored models for transistors, 
diodes, zener diodes, and strings of diodes in series. 
Optional routines have been added to aid initial 
design as well as reliability review.

In addition, many other companies have devel­
oped circuit analysis programs, and a few general 
purpose programs are also in circulation. Each 
user must choose the method that is most appropri­
ate, based on the nature and extent of the problems

Searching for standard circuit

The standard circuit file plays a central role in the selection of an existing 
circuit. The value diminishes with failure to keep the file up to date.

Designing a new circuit
The computer’s help in circuit synthesis is insignificant or 
absent altogether. But its role in circuit analysis and 
optimization is assured. On-line monitoring and modification 
is a valuable shortcut in the optimizing routine.
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to be handled and such factors as equipment limita­
tions, availability of proprietary programs, preju­
dices of designers and availability of talent and 
funds for new developments. At Norden, all of the 
methods discussed here have been used.

Drawbacks overcome

The foregoing programs share the limitation of 
all off-line computer techniques. The designer sub­
mits his data and instructions and then must wait 
while his problem is keypunched, takes its turn in 
an input queue at the computer facility, and is 
finally run in the computer and returned to him.

The total cycle time for a single run that requires 
only one minute of operating time on a high speed 
computer can consume from an hour to more than 
a day. This delay is a serious problem to the de­
signer who often must study numerous variations 
before settling on a final circuit design.

Speed could be increased if he could work on 
the computer model of his circuit directly without 
waiting for keypunching and delay caused by other 
computer users. This means he needs his own 
computer, or more realistically, a remote terminal 
on a large time-shared computer. For better man- 
machine communication, the terminal should have

Circuit layout and interconnection

Integrated electronics fosters a close relationship 
between electrical and mechanical design of 
circuits. The flow chart compares discrete 
component and integrated circuits, showing 
how CAD (tinted blocks) can be exploited in 
either case. With time, human decisions about 
mechanical design modifications will be 
superceded by algorithms carried out by 
the computer.
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Com puter-a ided design: m ore than meets the eye
Computer-aided design, says 
author Arnold Spitalny, who is 
chief of the engineering com­
puter branch for Norden divi­
sion of United Aircraft, is too 
often confused with computer- 
aided circuit design. In this 
article he emphasizes the latter, 
but stresses that the develop­
ment of a computer-aided man- 
machine system to do engineering work can go far 
beyond its use in circuit design. One glance at the 
system design chart on page 71 should confirm 
his conviction.

In addition, Spitalny notes, once all the circuits 
and other system parts have been selected or de­
signed anew, plenty of detailed work still remains

to combine them into modules and boxes and gen­
erate the necessary design instructions. The shop 
must be told what to buy, what to make, how to 
put it together and how to test it. Keeping track of 
the vast numbers of parts and interconnections for 
today’s large electronic systems can be an almost 
impossible job without the help of the computer.

Besides reducing design time and expense, com­
puter storage and processing of design data has 
cut down on careless manual errors. It also permits 
fast, accurate introduction of design changes. As 
changes are introduced on the production lines, 
tapes can provide a permanent record of how each 
delivered system was made and what generation 
of parts it contained, thus making it possible to 
tailor later modifications for individual systems in 
the field.

graphic input-output capability, such as a crt dis­
play and light pen control.

Class 5 programs are those which enable graphic 
analysis. Using them, the designer can designate 
circuit changes merely by pointing at the appropri­
ate elements and obtain results in the form of 
plotted curves. He can try many circuit modifica­
tions in rapid succession, study the results, direct 
the computer to file the better ones for future 
reference and eventually have the computer gener­
ate complete drawings and parts lists for the final 
design.

The feasibility of on-line graphic analysis has 
already been demonstrated [Electronics, Sept. 19, 
1966, pp. 110, 115, 118, 1231. Such on-line graphic 
capabilities represent the fifth phase in evolution 
of circuit analysis computer techniques. Surely it 
will not be the last; automatic optimization tech­
niques have already been applied successfully to 
some specialized problems such as optical design 
and are being adapted for more generalized appli­
cations.
Mechanical design of electronic circuits

Once the circuit is properly designed from an 
electrical standpoint, the computer can play a role 
in its fabrication.

Computer-aided design may well help eliminate 
one of the last disadvantages of integrated circuits, 
the high cost of designing a limited volume circuit. 
Widespread use of ic’s for analog applications has 
been inhibited by the design cost [Electronics, Oct. 
17, 1966, p. 73].'

A substantial reduction in the cost and time re­
quired for development of new microcircuits could 
shift the economic trade off enough to make it 
practical to enjoy the full benefits of ic technology 
in nearly all military and space electronic equip­
ment and eventually in most industrial and con­
sumer electronics as well.

An improved man-machine system for rapid de­
sign of microcircuits is being developed by Norden 
under Air Force sponsorship.3 The system, Com­

puter-Aided Design of Integrated Circuits (Cadic) 
takes over where circuit analysis leaves off. It ac­
cepts an input circuit description similar to that 
used for circuit analysis and determines the dif­
fusion patterns needed for all circuit elements. Size 
and shape of resistors and capacitors are calculated 
from design rules and parameter values, while 
patterns for transistors, diodes and other active 
devices are stored in, and retrieved from, disks or 
tape files.

The computer displays tentative designs and 
accepts instructions from the designer for rear­
rangements to reach an optimum layout. The final 
output is a complete set of machine drawn mask- 
designs for all diffusion steps and for interconnec­
tion metalization.

Since layout design is basically a graphic process 
and requires extensive man-machine interaction, a 
graphic on-line capability is considered essential 
for a practical operational system; this is now being 
developed.

In the case of discrete component circuitry, it 
is usually necessary to locate components and 
route interconnections on a printed-circuit card. 
Computer techniques have been developed to assist 
in both of these functions for single layer, two 
sided and multilayer boards. The computer outouts 
for fabrication of recent model machines built by 
International Business Machines Corp., include 
numerical control signals for automatically drilling 
holes and inserting components in cards, as well 
as for plotting printed circuit artwork.

The flow chart on page 73 shows how circuit 
layout and interconnection is carried out with help 
from the computer.
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Circuit design

Pairing Schmitt triggers produces 
lower hysteresis and faster switching

Unique c irc u it arrangem ents prove tha t two Schm itts 

are be tte r than one fo r detecting low-level signals

By Thom as W eisz*
Philips Laboratories, Briarcliff Manor, N.Y.

Pairs of Schm itt trigger circuits, or combinations 
of Schmitt triggers and differential amplifiers can 
form a unique family of circuits for detecting 
low-level signals at high frequencies. The sur­
prising thing about these circuits is that they 
exhibit high switching and cycling speeds with ex­
tremely low hysteresis—two characteristics that are 
mutually exclusive in conventional Schmitt triggers. 
The new circuits are attractive as sense amplifiers 
in high-speed computer memory systems.

In general, a Schmitt trigger operates with a 
finite difference between the set and reset levels at 
which the input voltage will trigger the circuit 
to switch. This hysteresis characteristic limits 
the smallest signal the circuit can detect. Theo­
retically hysteresis may be reduced to zero if the 
circuit loop gain is made to equal unity. How­
ever, one can only approach zero hysteresis at the 
sacrifice of high switching speed.
Feedback control regeneration

In a conventional Schmitt trigger circuit such 
as on page 76, unity loop gain can be achieved 
by proper selection of the relative values of re­
sistors R,, R: and Rr,. Unity loop gain in a positive

* Now at the U niversity o f M ichigan, Ann Arbor

Thomas Weisz, who was a senior 
engineer at Philips Laboratories, 
recently returned to the University 
of Michigan to seek a doctorate. He 
received his master’s degree in 
control engineering there in 1964.

feedback arrangement like this means that the out­
put state of the circuit will always be just main­
tained, even with the input voltage removed. How­
ever, any small change in the input starts regen­
eration by virtue of the feedback, and the output 
switches to the alternate state.

At the top of page 76 is the equivalent circuit of 
the trigger, represented as an amplifier with gain, 
G, in a positive feedback arrangement. The graph 
is an idealized plot of output versus input for 
the amplifier with the loop open. So long as the 
static loop gain (represented by the slope of the 
line between points A and B) is unity, the cir­
cuit exhibits zero hysteresis. However, a circuit 
designed to operate with small hysteresis and fast 
switching cannot achieve fast cycling speed be­
cause of the presence of capacitor C. This capaci­
tor is necessary to produce fast switching time by 
increasing the loop gain dynamically. The capacitor 
needs time to charge and discharge to new voltage 
levels for each of the two circuit states.

Without C, loop gain is unity and the circuit 
acts as an integrator; switching time depends on 
the waveshapes of the input signals. If both 
C and R4 were omitted, switching and cycling 
speed would be improved; but hysteresis would 
be large because of static-loop gain increase.

Reducing hysteresis

One way to reduce hysteresis in the conven­
tional circuit is to select a high ratio of R2/R 3 
values. However, if R3 is too small, the loop 
gain is reduced prohibitively; if R2 is too large, 
the switching time will increase because it forms 
a large time constant with the output capacitance 
of transistor Q2, limiting the output rise time.

What is needed, then, is a circuit that has unity 
static loop gain for low hysteresis with very high

The author

Electronics j, November 28, 1966 75



+ V|

Standard Schmitt trigger circuit can be represented 
by amplifier with positive feedback. Open loop 
characteristics are shown for unity loop gain.

Two Schmitt circuits separated by appropriate delay 
and with negative feedback reduce hysteresis to 
near zero, yet maintain high switching speed.

t

Idealized waveforms of voltages at points A and B of 
circuit above show theoretical limits of cycle speed.

dynamic loop gain during switching for high 
speed, while also eliminating the delay intro­
duced hy the coupling capacitor C. This is ac­
complished by a circuit that essentially consists 
of two Schmitt trigger circuits connected in series 
with a delay circuit between them, as shown in 
the block diagram, left. Both Schmitt triggers 
are direct coupled for maximum loop gain to 
produce short switching time. As expected, this 
introduces large hysteresis into the circuit. To 
overcome this, the second Schmitt trigger is ar­
ranged so that directly after the first trigger 
switches the voltage at the emitter of the first 
trigger’s output stage is restored to a level at 
which near-unity loop gain is established, result­
ing in almost zero hysteresis. The delay is intro­
duced so that resetting the emitter voltage does 
not interfere with the switching cycle itself. An 
additional benefit of this arrangement is that 
settings of the tripping point and the hysteresis 
can be made independently.

In the circuit at the left, transistor Qt is part 
of the input d-c bias circuit and also provides 
temperature compensation for Q2 to keep the 
trigger level constant. Transistors Q2 and Q:! form 
the first Schmitt trigger, Q.} is an inverter and 
Qr, and Q0 form the second Schmitt trigger. The 
necessary delay is provided by the propagation 
delay of the second Schmitt trigger. For maximum 
switching speed, this delay should be never less 
than the switching time of the first trigger, or 
very little more.

Theoretical cycling speeds

At the lower left are waveshapes of voltages at 
points A and B, produced at maximum cycling 
speed. Here the rise and fall times of a stage are 
assumed to be equal; tsl and ts2 are the switching 
times of the first and second stages, respectively.

The theoretical maximum cycling speed of the 
circuit is then

fmax = x r + 2 t j  0 '
When the circuit was actually implemented as 

shown above, right, ts2 was measured and found 
to be approximately half of Ft. This is because 
the inputs to the second stage are of relatively 
large magnitude, while the inputs to the first 
area are in the millivolt range. Thus for these con­
ditions

fmax =  - 7 , 7 -  (2)Obsl
It can be shown that with a hysteresis of 1 

mv for an ordinary Schmitt trigger, fmax =  l/50ts. 
Thus, the cycling speed represented by equation 
2 is at least 10 times larger than that of the 
ordinary Schmitt trigger operating at a 1-mv hys­
teresis.

In actuality, the highest attainable speed of 
the circuit on page 77 was considerably below 
the theoretical maximum. It was limited by the
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Actual circuit implementation of block diagram on page 76 falls short of maximum theoretical speed, but is at least 
10 times faster than conventional Schmitt trigger. Oscillograms show input and output waveforms.

stability of the clamping voltage applied to the 
collector of transistor Q3 to prevent saturation. 
This voltage decreased at higher frequencies, caus­
ing the voltage across R3 to rise and resulting 
in the failure of small signals to trigger the cir­
cuit. Even with this limitation, the circuit per­
formed satisfactorily at 13 megahertz, with a 
hysteresis of only 2 mv. Input and output wave­
shapes are shown on the oscillograms above.
Second approach offers simplicity

A simpler single-input detector circuit results 
if a differential configuration like that on page 78 
is used. The relative simplicity of this circuit

compensates for somewhat poorer performance. 
In this circuit a differential amplifier with one 
input grounded replaces the direct coupled Schmitt 
trigger previously described.

The hysteresis of the circuit is approximately

H = 2° Rbe (3)

where Rbe is the base-emitter resistance of tran­
sistor Qo as seen from the emitter, and I0 is the 
output current.

The switching speed is somewhat slower than 
that of the first single-input signal detector, pri-
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Differential circuit with one input grounded (left) is useful for detector applications where performance 
is less critical. Whenever input 2 is smaller than input 1 then Q3 will switch off.
In actual circuit, right, transistor Q0 and external reference replace zener diode.

marily because more transistors are in the feed­
back loop.

One way to reduce hysteresis [top left, p. 79] is 
to return the output current to point A of the 
voltage divider formed by R3 and Ii4. The hyster­
esis for the circuit is then

II = 2r Ri„. where 1
r

R4
R3 +  R4

The loss in loop gain due to r is restored by 
adding a transistor Q3, as shown in the full cir­
cuit above, right. The upper limit of r corresponds, 
of course, to the point where the over-all loop 
gain is reduced to unity.

The ability to reduce hysteresis in this way 
is an important attribute of the circuit in addition 
to its capability of detecting difference signals. 
High values of r correspond to a high R2/R3 ratio 
in the circuit on page 76, except that in the pre­
vious circuit, the value of R3 is limited by the

maximum permissible output resistance. A high r 
in this case allows the output resistance, R2, to 
be kept low and limits its influence on the opera­
tion of the circuit. In effect, the circuit sees an 
output resistance rR2, and the effect of ouput 
current on hysteresis is reduced by the factor r, 
while loss in loop gain due to this factor is restored 
with transistor Q5.

In the implemented circuit the zener diode was 
replaced by transistor Q6 and an external voltage 
reference Vref i. When the circuit operates as a 
single-input signal detector, it can detect 8-mv 
pulses at a 14-Mhz repetition rate. Typical per­
formance is indicated by the oscillograms shown 
below.

Differential detector

If the base of Q2 of the circuit above is discon­
nected from ground and connected instead to a 
second input, the circuit will detect the difference

Sensitivity of differential detector, left, is somewhat less than that of direct coupled version at the right.
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When the output current is returned to point A of the 
voltage divider formed by the two resistors, it reduces 
the hysteresis in the differential detector circuit 
shown at the top left of page 78.

between input 2 and input 1—that is, Q3 will 
switch off whenever input 2 is smaller than input 1. 
The magnitude of the smallest resolvable difference 
depends on the circuit hysteresis. A practical reali­
zation of the circuit, called a differential input- 
signal detector, is shown at the lower right of this 
page.

Transistor Q7 is an added grounded-emitter 
output stage to provide low output impedance. 
The circuit is capable of detecting differences as 
small as 10 mv at 14 Mhz riding on a common­
mode input signal of 0.5 volt peak to peak.

Improved detectors

The differential input-signal detector can be 
employed in the configuration shown in the diagram 
at the top right. It is similar to the Schmitt trigger 
configuration discussed on page 76. The hysteresis 
of the detector circuit can be reduced approximately 
an order of magnitude by using this arrangement.

The block diagram shown below is another modi­
fication of the basic differential detector circuit. 
The modified circuit can detect the absolute value 
of the difference between two input signals. Two 
diodes are connected to the collectors of the tran­
sistors in the differential input stage. This circuit 
detected an absolute difference value of 15 mv be­
tween the two inputs at a repetition rate of 14 Mhz. 
The common-mode noise was 0.5 volt peak to peak.
Band detector

In a useful modification of the circuit shown at 
right, center, transistor Q7 serves to reset Q3 when 
input 2 reaches a certain value. The sequence of op­
eration is as follows: when input 2 is less than input 
1, then Qs is turned on. When input 2 rises above 
input 1 by some preset margin, A, then Q3 will 
be turned off. When input 2 again exceeds input 
1 by A, it will turn on Q7 and output transistor 
Q;t will be switched on again. The circuit thus 
operates as a voltage band detector. It produces 
an output (Q3 switched off) when input 2 is within 
predetermined limits that are above the voltage at 
input 1.

Differential input detector at top is formed by removing 
from ground the base of Q2 in circuit on the top left of 
page 78 and providing a second input. Additional 
modification below converts circuit to a voltage band 
detector.

DIFFERENTIAL INPUT
DELAY

SCHMITT

SIGNAL DETECTOR TRIGGER

Detector’s hysteresis is reduced by arrangement at top. 
Lower circuit detects absolute differences of inputs.
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Circuit design

Designer’s casebook
Designer’s casebook is a regular 
feature in Electronics. Readers are invited 
to submit novel circuit ideas, packaging 
schemes, or other unusual solutions to 
design problems. Descriptions should be 
short. We’ll pay $50 for each item published.

Switch converts multivibrator 
from astable to one-shot

By Douglas Haggen
Burroughs Corp., Plainfield, N.J.

W ith a simple modification an astable multivibrator 
can be made to function as a monostable multi­
vibrator so that tests on counter and logic circuits 
can be performed both manually and at high 
switching speeds. A simple two-pole double-throw 
switch eliminates the necessity to build two test 
generators—one for manual testing and one for 
high-speed testing.

The circuit operates as an unsymmetrical astable 
multivibrator when switch S2 is in the automatic 
position. It generates 1.5-microsecond pulses at a 
150-kilohertz repetition rate. With S2 in the manual 
position, the resistance-capacitance coupling to Q2 
is disconnected and the circuit becomes a mono­
stable multivibrator with transistor Q2 held off.

Microswitch Si turns on Q2 and produces a 
pulse that triggers the monostable from its stable 
state. Transistor Q2 remains on until the capacitor 
in the base circuit of Qi has charged sufficiently 
to turn on Qi and complete the cycle.

+10v

Two-pole double-throw switch S» allows the circuit to 
operate as either an astable or monostable multivibrator. 
Thus, manual and high-speed testing is performed.

Feedback turns fixed capacitor 
into variable capacitance

By Joseph Gaon
JMR Electronics Corp., Bayside, N.Y.

Fixed capacitors as large as 100 microfarads can be 
employed as variable capacitors with a capacitance 
range of 1,000 to 1, by the circuit at top page 81. 
Such large values, unattainable in conventional 
variable capacitors, are useful for capacitive tuning 
of tank circuits. The complementary transistor pairs 
of the circuit will accept complex waveforms and 
positive or negative d-c voltages

If the capacitance control element of the circuit, 
potentiometer Ri is replaced by a thermistor or 
other voltage-controlled resistor, the circuit will act 
as a voltage-variable capacitor.

Capacitors far smaller than 100 /uf can be used. 
The lower capacitance limit depends on the junc­
tion capacitance of the transistors, usually less than 
30 picofarads. If the capacitor approaches the junc­
tion capacitance, the circuit won’t work.

The capacitor, Ci, appears across the input ter­
minals, x y , as a fixed capacitance. The capacitance 
value is reduced by applying a feedback voltage to 
the bottom plate of Ci. The feedback voltage is in 
phase with the input, but its amplitude is lower.

Potentiometer Rj controls the amount of feed­
back. With Rt at point y  the emitters of Q3 and Q4 
are essentially grounded. This also grounds terminal

V.
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m  and allows the full magnitude of Ci to appear 
across x y . When Ri is set to point a , the voltage 
applied to terminals x y  also appears between 
terminals a y  and m y . Since the voltages across x y  

and m y  are identical in amplitude and phase, no 
potential difference exists across Ci. Since no cur­
rent flows through Ci, the effects of this capaci­
tance across x y  is the same as having no capacitor 
in the circuit.

With R] set to its midpoint, half the voltage ap­
plied to x y  appears across m y  and half across m x . 

This causes half the original current to flow through 
Ci reducing Ci to half of its original value.

Similarly, different settings of Ri will produce 
different fractions of C /s capacitance, according to 
the relationship VXy — V m y  =  VXJI.

Potentiometer Ri, buffered on both sides by 
complementary emitter followers, reduces the effective 
capacitance value of fixed capacitor Ci. This reduction is 
accomplished by applying a feedback signal to the 
bottom plate of the fixed capacitor, Ci.

Age amplifier handles 
60-db range

By M urray F. Feller
M.F. Feller Industries, Santa Maria, Calif.

The automatic gain control circuit shown accepts 
a larger range of input signal levels than conven­
tional circuits and produces a low-distortion out­
put signal. The undistorted output remains between

0.5 and 1.5 volts while the input signal varies over 
a 60-db range from 0.5 millivolt to 0.5 volt. Input 
signal frequencies range from 20 hertz to 100 khz.

Designed as a low cost age amplifier for pleasure- 
craft sonar, the circuit also has applications in 
communication receivers and control systems. 
Basically the circuit operates by controlling the 
negative feedback between the collector and base 
of Q2. The amount of feedback depends on the 
dynamic impedance of diode Di, which in turn 
depends on the collector current of Q,.

A d-c voltage proportional to Q2’s output is 
applied to the terminal. As the input signal level 
increases, Q2’s output level tends to increase. Con-

+ 12 v

SIGNAL
INPUT

«1
JW V

4.7 k 0.01/if

AGC
INPUT ------------
(D-C CURRENT)

LONG TIME CONSTANT

A / W — A A /V — -----

___________ ^  47k
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0UTPUT

Automatic gain control circuit maintains a relatively constant output level 
by varying Di’s dynamic impedance, which controls the negative feedback around Q2.
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sequently, the proportional d-c voltage also tends 
to increase, forcing to conduct more heavily. 
Since Qi’s collector current flows through D ,, this 
current reduces the diode’s dynamic impedance, 
thereby increasing the amount of feedback around 
the region of transistor Q2.

As an example, when the input signal level is 
1.5 volts, Dj’s dynamic impedance is only about 
100 ohms so that almost 100% negative feedback 
is applied between Q2’s collector and base. The 
increased feedback insures that output level is 
relatively constant and has low distortion. At 
the same time the feedback reduces the input 
impedance to amplifier stage Q2. As a result, the 
input signal produces a larger voltage drop across

resistor Ph and allows larger input signals.
In contrast, at low input signals there is only 

a small d-c current flowing through Di, so that Q2 
operates as a high gain, common emitter stage. 
At the same time, Q2’s input impedance is high 
so that the voltage drop across Ri is negligible. 
Therefore at low input levels, the circuit provides 
the maximum possible gain.

For 60-db control, the input current ranges from 
0 to 0.1 milliampere. This corresponds to a voltage 
of approximately 0 to 2 volts at Q /s base. The 
coupling capacitor must be selected for the de­
sired frequency of operation. Usually, the time 
constant of the RC circuit at Qi’s base is made 
longer than the lowest period of interest.

Time will tell how 
fast a motor revs up

By R ichard Traina
Airborne Accessories Corp., Hillside, N.J.

Clocking the time a motor takes to reach a known 
speed is an easier way to find its average accelera­
tion than poring over oscillograms. The motor being 
tested, such as one for an aircraft actuator, will 
clock itself with the help of an electric tachometer 
generator and a unijunction transistor, such as a 
2N2646.

To set up the test, the circuit shown below is ad­
justed by using a motor of known speed and the 
Variac to establish the tachometer voltage output 
that causes the unijunction transistor, Q,, to trigger 
the silicon controlled rectifier, SCR1; and close relay 
K,. Then, the standard motor is replaced by the 
motor to be tested, the circuit is reset with switch 
S2 and the motor and the clock are turned on with 
Si. The clock runs until Ki trips. Then by dividing 
the known motor speed by the elapsed time, the 
average acceleration of the motor under test can 
be calculated.

Except for adjustment during setup, the circuit 
operation is essentially the same for clocking. The 
tachometer generator’s a-c output goes through the 
Variac and a full-wave rectifier bridge, diodes D!

Clock runs until tachometer output increases beyond the peak point voltage of Qi, 
firing SCRT and tripping the relay. Elapsed time is used to calculate motor acceleration.

V
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through D4. The bridge output voltage is applied 
across Ri and Ci. As long as the peak voltage is 
below the peak point voltage, Vp, of Qi, the uni­
junction transistor’s emitter is reverse biased. The 
value of Vp is obtained from the relationship,

Vp = NVbb +  VD
where N is Qi’s intrinsic standoff ratio, VBb is the 
voltage between base one and base two of Qi and

VD is the forward voltage drop of the emitter base 
one diode.

When the motor speed starts to go above the pre­
set speed, the peak output voltage of the generator 
rises above Vp. The emitter of Qi becomes forward 
biased and delivers a voltage pulse across R2. The 
pulse turns on the silicon controlled rectifier, scr^ 
which transfers and latches Ki, stopping the clock. 
Both the motor and clock have power supplies.

Scr triggered by capacitor 
lowers cost of oven control

By Dale E. LaP lante*
Consolidated Electrodynamics Corp., Pasadena, Calif.

Varying the charge on a capacitor, to control the 
firing angle of a silicon controlled rectifier regu­
lates an oven by proportionally controlling the time 
current flows through the heating coil. The circuit, 
shown below, is compact, easily packaged, and 
costs less than circuits that trigger the scr with a 
unijunction transistor and zener diode.

The scr, in series with the heater, is forward 
biased only during positive half-cycles of line volt­
age. It restricts heater current to the shaded area 
of the cycle shown under the Vune curve. The point 
at which the scr fires is controlled by voltage Vt, 
at capacitor Ci.

Vi consists of a line frequency component ViA 
and a slowly-changing d-c bias level ViB. The
* Now w ith Datex Corp., Monrovia, Calif.

capacitor’s reactance shifts phase of ViA 90° for­
ward with respect to line voltage and its time con­
stant determines the slope of V1A’s waveform. As 
Cj and its time constant increase, it limits the 
peak voltage charge of Ci during each half-cycle. 
Larger values of Ci reduce the amplitude of Via.

As the waveform shows, small changes in the 
level of Vib will bias V, A above or below the zero 
voltage reference. This vertical displacement of 
ViA changes the point in the interval at which V, A 
crosses the 0.5-volt line, firing the scr. When the 
d-c level is so low that V1A drops below zero, the 
scr never fires and the heater is fully off. When 
Vib increases so that all of V1A is biased above 
0 volt, the scr is no longer controlled by V4. The 
positive half-cycle of line voltage turns the scr on 
and off and the heater gets full power.

The amplitude of V1A is fixed by the value of 
Ci. The scr firing point in the interval is con­
trolled by V1B, the slowly-changing d-c bias on 
capacitor Ci. Imbalance in the charging current 
produced by the positive and negative half-cycles 
of line voltage determines V1B. In positive halt- 
cycles, current flows through D2, R2, R3 and Ci to 
ground, charging Ci plus on the top plate. In nega­
tive half-cycles current flows up through Ci, Rt,

Sen is triggered by the voltage Vi across capacitor Ci when the voltage 
reaches the 0.5-volt level indicated by the dotted line.
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r
and Di, charging C, plus on the bottom plate.

Oven temperature is selected by adjusting poten­
tiometer R:i so that the series resistance of R2 and 
R;; equals the resistance of thermistor RT at the 
desired temperature. The oven temperature is sta­
bilized when the current through D2 and Cx on 
the positive half-cycle and through Ca and D3 on 
the negative half-cycle are the same; there is no 
net charge on Cx, and ViB is zero.

When the oven is too cold, the resistance of RT 
exceeds that of R2 plus R8, so less current flows 
through Ci and D, on the negative half-cycle. The

resulting positive charge on Ci vertically displaces 
V ia , causing it to fire the scr earlier in the positive 
half-cycle. More current then flows in the heater.

If the oven gets too hot, the resistance of RT 
becomes less than R2 plus R3. (RT is 50 kilohms at 
25°C and decreases as temperature rises.) The cur­
rent imbalance places a negative voltage on Ci, 
dropping the level of ViA. This delays the firing 
of the scr and reduces the heater current.

After the scr fires, its gate voltage rises slightly, 
tending to charge Ci positively. This effect is 
minimized by Rx.

Forward feed stabilizes 
d-c differential amplifier

Dy F.J. Sordello
Systems Development Division,
International Business Machines Corp.,
San Jose, Calif.

Common-mode noise and thermal drift are canceled 
out in d-c differential amplifiers when the input 
signal is fed forward. This technique allows the 
amplifier at the right to be operated in a stable 
manner at a gain of 2,000. The conventional ap­
proach, feedback of the amplifier signal, causes in­
stabilities because distortions of the signal by con­
stant current generators are also fed back within 
the circuit.

Designed as a high-gain d-c preamplifier, the 
feed-forward circuit amplifies differential d-c signals 
of low level from a velocity transducer and applies 
them to a bridge power supply. The bridge circuit 
delivers up to 2.5 amperes to a servomotor located 
in an i b m  2310 disk storage drive. Unwanted sig­
nals that are picked up in the transducer leads 
combine with the drift in the base-emitter voltages 
of Q, and Q2—typically 2 millivolts per degree 
centigrade—to produce a common-mode signal. The 
undesired signals are amplified 2,000 times by each 
transistor and are not canceled by the differencing 
action of the amplifier.

The large signal errors that result may cause 
serious problems. For example, when a degree 
change in temperature causes a 2-millivolt change 
in the base-emitter voltage of either transistor, the 
change is amplified and appears as a 4-volt change 
at the collector; the 4-volt shift is enough to trigger 
the bridge. These spurious triggering pulses can 
destroy the bridge by turning on both sides at 
once.

Resistors R, and R2 pick off common-mode sig-

+48v

Common-mode signals are combined with the 
thermally generated base-emitter voltage of 
Qa and applied to the emitters of Qi and Q■/, the 
combined signal balances out common-mode noise 
and compensates for changes in temperature.

nais and apply them to the base of Qs. The common­
mode signals are passed by Qs, which adds its 
base-emitter voltage drop and applies the sum to 
the emitter of Qi and Q2. Because Qg is identical 
to Q, andQ2, it has essentially the same thermally 
generated base-emitter voltage drop, even though 
its bias is much lower. Thus, the output signal from 
Qs includes both the thermal-drift voltage and the 
common-mode noise. The combined signal cancels 
those at the base of both transistors Qx and Q2 and 
provides a locked-in temperature compensation for 
the circuit.

V.
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-uikm tAep/ueeù.u î pAedient à caie!

THE
SEMICONDUCTOR
DATA
BOOK
. . .  includes major specs for al[ (10,500) EIA 
registered IN, 2N, and 3N numbered types!

Plus these features:
•  Complete data on 2,800 types (including curves)
•  16 categories of special and standard device types
•  Complete cross-reference guides
•  Complete “how to use” information
•  Alpha-numeric device indexing
•  Application note section
•  Information on “How to get more value out of a device 

data sheet”
•  Over 200 pages of data on digital and linear integrated circuits

. . .  and much, much more!
Here’s a new 1500-page all-industry reference text that is the most 

complete volume of semiconductor information ever published by a semi­
conductor manufacturer. Designed to overcome the major problems of 
device identification and selection for the engineer, this comprehensive 
one-of-a-kind manual will save you hours previously wasted looking 
through multiple references for semiconductor device data.

Priced within the range of every engineer, this all-in-one text will 
more than pay for itself the first few times you use it. Fill out and mail 
the coupon below for your copy today!

SHOULD BE ON EVERY ENGINEER'S  DESK I

Please send me_________copies of the new Semiconductor Data Book. My check
(payable to Motorola Inc.) for $ ________________ is enclosed ($3.95 per copy).

NAME________________________________________TITLE----------------------------------

COMPANY____________________________________ DIV/DFPT

ADDRESS__________ ____________________________________________________

CITY__________________ STATE________________________ZIP___________
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Semiconductor Products Inc.

BOX 955, PHOENIX, ARIZONA 85001
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Associated
TERM I-PO INT* 
products 
keep you 
posted. . .
2 5  different 
ways!

Here are 25 of our latest associated TER Ml-POINT products for your 
high-density wiring applications. They all feature AMP’s unique post, 
designed especially for TERMI-POINT clips and tooling, yet they're 
compatible with other point-to-point connection methods.

Here’s the easy solution to those finicky wiring jobs on miniature 
connectors and tedious interconnections on densely packed equip­
ment. With these products you can forget about burnt insulation, 
burnt fingers, bulky tools, and special training of wiring personnel. 
From lightweight hand tools to fully automatic machines, TERMI- 
POINT tooling is matched to these products for foolproof operation 
and utmost reliability.

This new technique is the culmination of AMP’s continuing research 
into advanced wiring technology, yet it is based on the solderless pres­
sure connection principle which the company began developing a
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quarter century ago. Today, in 
communications, data process­
ing, military electronics and re­
lated fields, TERMI-POINT prod­
ucts provide flexibility, speed, and 
applied cost savings that are un­
equalled in the industry. And this 
will be true in generations of new 
products under development for 
the future.

Now's a good time to find out 
about this modern technique, and 
its matched tooling and product 
line. Write today. We’ll see that 
you get the whole story, posthaste.

Lightweight hand tool applies bulk wire and strip terminals for limited 
volume production.

Tape-programmed TERMI-POINT Automatic Wiring Machine routes and 
fully terminates a 10" lead in less than four seconds.

Panels pre wired at AMP's Harrisburg facilities give you the benefits of 
automated production without requiring capital investment.

★ Trademark of AMP INCORPORATED

J Q U V I P
I N C O R P O R A T E D
H arrisb u rg , P enn sylvan ia

A -M P * products and engineering assistance are available through subsidiary companies in : 
Australia •  Canada •  England • France •  Holland •  Ita ly •  Japan •  Mexico •  Spain •  West Germany
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Instrumentation

Digital meters for under $100

M in ia tu re  vo ltm e te r and counter, bu ilt fo r one-tenth

the  usual cost, po ints the way to  using IC’s fo r d ig ita l m u ltim ete rs

tha t everyone w ill be able to  afford

By Herm ann Schmid
Defense Electronics Division, General Electric Co., Utica, N.Y.

Soon, engineers and technicians—even students and 
hobbyists—will be measuring voltage, current, and 
resistance on miniature electronic instruments with 
numeric readouts. The small size and low cost of 
linear and digital integrated circuits makes it pos­
sible to build digital volt-amp-ohm meters that are 
as small and as inexpensive as conventional electro­
mechanical multimeters.

To prove this point, the author built a digital 
instrument, called the Miniature Digital Voltmeter 
and Counter ( m d v c ) .  It is only 4 %  inches square 
by 2 inches high. With the rapid decrease in prices 
of integrated circuits, it should soon be possible to 
build a multimeter version of the m d v c  that would 
sell for less than $100. It could measure currents 
and resistances as well as voltages, with minor 
changes in the design—shunt instead of series re­
sistors and external instead of internal input re­
sistors.

Recent and anticipated developments in inte­
grated electronics should allow further reductions 
in size and cost of the instrument, as described 
on page 94. The integrated circuits are those avail­
able off-the-shelf a year ago and the design repre­
sents a minimum amount of engineering effort, so 
it is not indicative of what can be achieved in the 
future. It takes little imagination to predict digital 
multimeters the size of a cigarette package that can

The author

This is Hermann Schmid’s third byline in Electronics 
this year. In the Jan. 10 issue, he told how 
integrated circuits could replace electromechanical 
resolvers and in the Nov. 15 issue, he described 
the design and use of an integrated circuit current 
divider as an analog-to-digital converter. An 
armament computer engineer at the General Electric 
Co., Schmid’s productivity is demonstrated by 13 
patents and 11 patents pending on analog, hybrid 
and digital computers.

be slipped into a shirt pocket similar to a transistor 
radio.

Prototype digital meter

Most of the m d v c ’ s  circuitry is composed of off- 
the-shelf monolithic ic’s—three linear amplifiers 
and 20 logic circuits. The monolithic logic ic’s are 
primarily multifunction types having more than one 
circuit in a single package.

The values of the analog input voltages are con­
verted into proportional pulse-width signals by the 
up-down integration technique, a form of pulse- 
width modulation that makes measuring accuracy 
independent of the integration time constant.1’2’3 
The pulse width is converted to a digital value by 
a four-decade counter and is displayed on numerical 
readout tubes.

In the m d v c , three voltage ranges—1, 10 and 100 
volts—and one time-interval counter range—0 to 
10 milliseconds—are provided. Measurements are 
made at a rate of 50 per second to an accuracy 
within ±0.02% of full scale as a voltmeter and 
within ±0.01% as a time-interval counter. The 
input impedance is 156 kilohms on all voltage 
ranges and, since the m d v c  is battery powered, the 
input is truly differential. The prototype has mer­
cury batteries, but rechargeable nickel-cadmium 
cells would be preferred in future instruments.

Except for input impedance, the performance is 
comparable to that of conventional four-digit volt­
meters costing $1,000 or more, weighing at least 
25 pounds and requiring more than 1,000 cubic 
inches of space.

The m v d c  proves that digital multimeters need 
no longer be limited to laboratory applications. 
Small size and low cost will prompt wide use of 
such instruments for bench testing in factories, 
homes and schools, and will mean portable instru­
ments for commercial and military servicemen. They
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Battery powered digital voltmeter and counter is small enough to go into a technician’s kit for field 
servicing of equipment. The circuitry, shown on page 92, is made up mostly of off-the-shelf integrated circuits.

will also be built into commercial, industrial and 
military control and computation equipment as dis­
plays and limit detectors of analog variables. Built- 
in test equipment is expected to be an important 
military application.

Up-down integration

Successive approximation or voltage-to-frequency 
conversion techniques are commonly used in digital 
voltmeters to change analog voltages to digital 
values. But designers are switching to techniques 
more suited to ic’s, such as up-down integration.

The instrument’s pulse-width modulator converts 
the unknown input voltage Vx [see diagram p. 91], 
into a pulse-width signal, tx. In turn, tx transfers the 
content of the continuously operating master coun­
ter to the buffer and readout circuits. At the be­
ginning of the period represented by tx, the counter 
is reset to 0. At the end of the period, therefore, 
the number in the counter is proportional to Vx.

Converted from the binary-coded decimal value in 
the counter to a decimal value, the voltage is read 
directly on the Nixie tubes.

Unlike the widely used ramp type of pulse- 
width modulation, which requires a single period, 
up-down modulation requires two periods. These 
are shown as Ti and T2 under the waveform (which 
gives the up-down technique its name) in the 
diagram on page 91.

During Ti, which has a precise and constant 
duration, input Vx is integrated so that at the end 
of Ti the output voltage of the integrator is directly 
proportional to Vx. That is

in which RC is the integrator time constant and t is 
the independent variable.

During the second period, T2, a reference voltage, 
Vn, opposite in polarity to Vx, is integrated until
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the integrator’s output is again zero. Therefore, 
the following relationship is valid

V„2 (t) = V01 (T,) Vxdt

Solving for t= tx and setting V02 (tx) equal to zero 
gives

V02 (tx)

where

The final equation shows that tx is completely 
independent of the integrator time constant, RC. 
While this is the greatest advantage of the up-down 
technique over the ramp technique, there are other- 
advantages:

* tx is independent of the initial integrator 
voltage.

* tx is only a function of the ratio Vx/Vr and of 
T; T can be held extremely constant.
Pulse-width modulator

The analog portion of the m d v c , its pulse-width 
modulator, is mounted on one printed-circuit board. 
Another board carries the digital portion. There are 
six basic types of circuits in the modulator diagram 
shown below—range selection, integrator, compara­
tor, three solid state shunt switches, output logic 
and reference voltage.

The modulator accepts a bipolar input voltage, 
± V X and produces a pulse-width signal, tx, on 
one output line and on-off polarity signals on two 
other lines. The timing signals, Tj and T2, are 
generated by the master counter in the digital 
portion.

The modulator’s accuracy is high for all positive 
and negative inputs, except for a small region 
around zero, ±10 millivolts. The reason for this 
is indicated by the up-down, integration waveform 
on page 91. As Vx becomes smaller, the slope of
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Pulse-width modulator forms the analog portion of the digital voltmeter. Range amplifier, 
integrator and comparator are based on linear integrated circuits, the colored blocks at the 
top. Digital IC’s form the output logic section at the lower right.
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Up-down integration technique is indicated by the waveforms in color. Pulse-width modulator, 
the circuits in color at the left, provides a pulse that is proportional to the input voltage. Width 
depends on the time required to return the voltage to zero. Digital circuitry at 
the right converts the pulse width to a numerical indication of the voltage.

the integrator output voltage, V0, approaches zero 
until Vo is smaller than the minimum voltage re­
quired to trigger the comparator. The zero dead­
band can be eliminated by appropriate biasing of 
the comparator, with an insignificant loss in output 
resolution.

The analog and digital waveforms at the various 
points throughout the pulse-width modulator for 
various input signal amplitudes are illustrated 
at the right.
Range selection

Voltage ranges are .manually selected by attenuat­
ing or amplifying Vx, by inserting one of the pre­
cision resistors at the top left of the schematic into 
the feedback path of the first ic amplifier. This is 
done with one pole of a two-pole, three-position 
switch; the other pole connects identical impe­
dances—the resistors at the left—to the noninvert­
ing input of the amplifier.

A constant input impedance on all ranges is 
obtained by changing feedback resistors rather 
than input resistors. Input impedance, approxi­
mately 156 kilohms, can be varied ±2%  by the 
trimmer potentiometer to obtain small variations in 
gain. With 156 kilohms in the input and 10, 100 
of 1,000 kilohms in the feedback (corresponding to 
input ranges of 100, 10 or 1 volts), the range ampli­
fier’s output is always about 6.4 volts, the magni­
tude of the reference voltage.

The reference voltages play an important role in 
the pulse-width modulator, since it is the ratio 
Vx/Vr that solely determines the value of the output 
signal, tx. The reference circuit of the prototype 
m d v c  has only two zener diodes, a potentiometer 
and two resistors. The zener current is determined

by the 2-kilohm resistors. The 2-kilohm trimmer 
potentiometer provides a control to balance the 
positive reference voltage with the negative refer­
ence voltage. The zener voltage of the low-current 
diode ( m c r  2225) is 6.4 ±5% .

Integrator operation

Tire second ic amplifier integrates V /, the range 
amplifier’s output, during 1’, and then integrates 
-f  VR or —-Vr., depending on Vx polarity, during T2.

The voltage to be integrated is selected by
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Waveforms at the points indicated in the block diagram 
above and the schematic of the pulse-width' modulator 
on page 90 are shown for various signal amplitudes.
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grounding two of three resistor pairs with three 
shunt switches, under control of the output logic 
and the master counter. Precision resistors were 
chosen, because the sums of the resistor pairs must 
be equal for proper scaling. The resistor values were 
chosen so that the voltage at the junction of each 
resistor pair does not exceed ±2v. This simplifies 
the switch design and avoids the use of extra power 
supplies.

The magnitude of the integrator’s time constant, 
RC, is set by the 60-kilohm input resistance of one 
pair and by the 0.15-microfarad capacitor in the 
feedback between the amplifier’s input and output. 
The magnitude is not critical to operation of the 
integrator. However, the selected R and C values 
retain the output capability of the amplifier—that 
is, a maximum input signal will not saturate the 
amplifier output. The capacitance tolerance can be 
as large as ±20%, but for good integration linearity 
the capacitor’s voltage coefficient should be very 
low—less than 10 parts per million per volt—which 
is true of most paper capacitors.

Zero offsets of both the range amplifier and the 
integrator amplifier are compensated with a single 
control. A multiturn trimmer potentiometer con­
nected between the positive and negative reference 
voltage applies a small bias voltage through a 
1-megohm resistor to the summing point of the 
integrator amplifier.

Each of the shunt switches is connected to the 
junction of 40- and 20-kilohm resistors. Closing a 
switch grounds that junction and inhibits the signal 
current from reaching the summing point of 
the integrator amplifier. Two of the junctions are 
grounded simultaneously, while the selected volt­
age, ±V X', -j-V,t or —VR passes through the third 
junction.

The voltage switches are simple devices, each 
containing a pnp driver transistor and a switching 
transistor, and can be driven by conventional logic 
ic’s. When the low-level output from the logic 
circuit enters the switch, the driver conducts and 
connects -f-4 volts to the base of the pnp switch, 
reverse-biasing it so that the switch is closed.

All the pulse-width modulator circuits of the MDVC 
are contained on one printed-circuit board (right). 
Photograph at the top shows modulator board turned 
over, disclosing the lower board that contains all the 
counter circuits. Discrete wiring of this prototype 
would be part of a multilayer board in a 
production model.
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Counter section is built with digital integrated circuits and an oscillator. It converts pulse width 
into a digital indication of input voltage. With the switch at the upper right in the position shown, 
this section can function independently as a time-interval counter.

However, when the input to the shunt switch is 
high, the pnp driver is reverse-biased and the 
switching transistor conducts, shorting the resistor- 
pair junction to ground.

The circuit provides firm switching action with 
low offset voltage and low offset current. Typically, 
the offset voltage in the switching transistor is less 
than 1 millivolt—provided that the ratio of load 
current to base current (IB/IL) is larger than 2 and 
smaller than 10 and if IL is less than 1 milliampere. 
The transistor’s offset or leakage current is typically 
less than 10 nanoamperes, even at temperatures up 
to 125°C.

Polarity of the integrator output signal, Vo, and 
the instant at which the polarity changes are de­
tected by the comparator circuit. This circuit con­
sists of an ic comparator, two nor gates in a single 
ic package and the discrete components shown.

With Vo connected into the noninverting input 
of the comparator, its output is high for -f-Vo and 
low for —Vo, where high and low define standard 
ic logic levels. The nor gates connect a positive 
voltage into the comparator inputs to insure that 
a definite switching action occurs when Vo falls 
from some positive or negative potential to zero 
and remains at zero. The instant at which V0 be­
comes zero signifies the end of an up-down in­
tegration.

To reduce high-frequency noise, a low-pass filter

consisting of a capacitor and resistors is connected 
between the comparator’s inverting and noninvert­
ing inputs.
O utput logic

The final stage of the modulator is the output 
logic circuit. First, the circuit processes the logic 
signal from the comparator into the two-line output 
signal required by  the integrator’s voltage selection 
switches. Then it provides the three-line output 
needed by the digital portion of the mdvc.

When Vx, the original input signal to the instru­
ment, is positive, the pulse width output signal is 
Ptx; when Vx is negative, output is Ptx. This is 
accomplished by storing the polarity of Vx in a 
flip-flop during T2. Also, the output of the compara­
tor Vc and its complement Vf. are gated with T2 
and the polarity outputs P and P from the flip-flop.

The three-line output for the digital portion of 
the voltmeter consists of the pulse width signal, 
tx, and the on-off polarity signals, P and P. The 
latter two are produced by combining Ptx and Ptx 
in the final nor circuit.
Digital Counter

As the basic timing reference, the master 
counter, the upper portion of the diagram above, 
generates Ti and T2. It also produces the binary -
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coded-decimal ( bcd ) signals that are read out as a 
decimal number, X (t), of the input voltage.

An accurate clock frequency of 1 megahertz is 
obtained from an oscillator containing a dual two- 
input nor circuit, a crystal and an output transis­
tor. The operation of this circuit has been de­
scribed elsewhere.4 Basically, the two nor circuits 
are cross-coupled, with the crystal between the two 
inputs of one nor and the capacitor between the 
two inputs of the other nor. With the crystal, the 
clock frequency is held to within ±0.0025% of 1 
Mhz, which makes time-interval measurements ac­
curate. A simple transistor multivibrator will suffice 
if only voltages are to be measured, since accuracy 
of the voltmeter is independent of the clock fre­
quency.

With a 1-Mhz oscillator frequency, the four 
binary-coded decimal counters that form the mas­
ter counter generate 10-millisecond time periods 
that are processed by the flip-flop at the upper left 
of the diagram into T, and T2. The outputs of the 
bcd stages represent a number, X, that increases 
linearly with time, starting with T, or T2. The num­
ber X thus indicates the time expired since the start 
of the integration process.

The reset and transfer circuit at the upper right 
of the diagram on page 93 converts tx into a lead­
ing-edge pulse to reset the master counter. It also 
converts tx into a trading-edge pulse to transfer the 
content of the master counter into the storage cir­
cuits, the bank of ic’s below the counter. The lead­
ing-edge pulse is generated by biasing the differ­
entiated tx pulse so the ic driver (NIB, half of a 
DiycL 932 circuit) is normally off; only a negative­
going pulse)—the direction of the modulator output 
during T2—can turn the ic driver on. The trailing- 
edge pulse is generated by gating the normal and 
the delayed inverted tx pulse into another ic driver, 
the other half of NIB.

The reset and transfer input need not be tx from 
the modulator. It can be any other pulse, shown as 
tMt in the diagram on page 91. The counter will 
determine the duration of such an input.

Digital readout

When the trading-edge pulse arrives, the num­
ber, X(t), then present in the counter is transferred 
into the bank of storage circuits. These circuits are 
ic’s containing four simple latch circuits and input 
gating, to which load resistors are added externally.

The lower bank of ic’s converts the stored binary- 
coded-decimal number into its decimal equivalent, 
X(tx), and drives the Nixie tubes. The driving is 
done by a bank of 10 high-voltage drivers in each 
ic.

Polarity of the number displayed is indicated by 
the neon lamps at the lower left, depending on 
whether P or P is generated by the modulator’s 
output logic.

Miniature Nixie tubes, made by the Burroughs 
Corp., were chosen as readouts because the con­
verter-driver ic was available for this tube. A Nixie 
is a cold-cathode glow lamp. It has 10 cathodes, in

the shape of numerals 0 through 9. Each cathode 
is controlled by one of the 10 outputs of the ic and 
glows when that output’s potential is low. Anode- 
to-cathode conduction is high when cathode poten­
tial is low.

The anode voltage, -f-120 v is supplied through 
22-kilohm resistors by an unregulated d-c to d-c 
converter. A two-transformer inverter drives a volt­
age doubler that provides the power to the load.
Tomorrow’s improvements

Cost of the mdvc can probably be slashed to 
well under $100 in mass production, since volume 
would make it feasible to capitalize on advances 
in complex, multifunction ic’s. Most of the dis­
crete components could be eliminated and the ma­
jority of the circuits produced as a few complex 
circuits or single-chip arrays.

The hand wiring added to the printed circuit 
boards of the prototype, on page 92, would be re­
placed by a multilayer board in production models. 
Further savings would result in mass production by 
combining the counter, store and conversion circuits 
with the digital display to minimize wiring. Cost of 
converting the mdvc from a voltmeter to a volt- 
amp-ohm meter can be offset by eliminating crystal 
control of the oscillator, which is used only to assure 
accurate time-interval measurements.

Low-voltage, incandescent readout lamps could 
be used in place of the Nixie tubes, eliminating the 
need for a high-voltage power supply and the d-c 
to d-c converter. Special-purpose, low-power, 
large-scale integrated circuits could replace the 
off-the-shelf linear and digital ic’s to further reduce 
power requirements, size, weight and cost.

An automatic offset correction circuit will bring 
the greatest improvement. Consisting of only two 
and gates and a few discrete components, this cir­
cuit accurately measures the offset in the complete 
system, stores it and feeds it back with inverted 
polarity to the input.

This will completely eliminate the largest error 
source—zero offsets and their drift due to changes 
in environment, component characteristics and 
power supplies. A zero adjustment control and high- 
performance, low-drift d-c amplifiers will no longer 
be needed. Since input impedances need no longer 
be kept low, series of metal-oxide-semiconductor 
( m o s) analog voltage switches can be used an d  all 
precision resistors can be eliminated.

Ultimately, these changes will lead to a mono­
lithic ic pulse-width modulator.
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Instrumentation

Low-frequency noise predicts 
when a transistor will fail

Improved re lia b ility  studies may result from  the use 

of noise m easurem ents instead of s ta tis tica l values 

to  forecast the  life tim e  of the device

By A lbert van der Ziel and Hu Tong
University of Minnesota, Minneapolis

A new method for predicting the life expectancy of 
a transistor—based on measuring the device’s 
noise at 1,000 hertz—could make transistor reliabil­
ity studies simple and more accurate. Our prelimi­
nary work for the U.S. Army Electronics Command 
shows that transistor noise serves as an indicator of 
when the device will fail because this parameter 
changes drastically toward the end of the transis­
tor’s life.

Transistor noise at frequencies higher than 1,000 
hz are not good indicators of the transistor’s condi­
tion. This noise is produced by shot noise currents 
flowing across the transistor junctions and by ther­
mal noise of the series resistances, mostly of the 
base resistance.1 [Shot noise is caused by random 
variations in the number and velocity of electrons 
and thermal noise by the thermal agitation of the
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electrons in the semiconductor.] Although these 
noise sources change with age during a transistor’s 
operating life, they do so in the same manner as the 
currents and h-parameters, therefore limiting their 
usefulness as an independent indicator of the im­
pending failure of the transistor.

Low-frequency noise, on the other hand, is known 
to be very sensitive to changes in a transistor’s 
surface conditions and the gas ambient atmosphere 
within the transistor package. Therefore, noise at 
1,000 hz could be expected to give a better indica­
tion of the life expectancy of the device than any 
other parameter.
Of two methods, one is direct

Low-frequency (1/f) noise values are usually de­
rived from measurements of the spot noise figure, 
F, of the device. The measurement is most often 
made in a common emitter connection with an emit­
ter current of 1 milliampere at 1 khz and 1,000-ohm 
source impedance. Because commercial equipment 
is readily available, this is the handiest way of 
measuring noise figure at 1 khz, and for studying 
a large number of devices. [1/f noise is so named 
because of its inverse relationship with frequency].

We chose a different approach because the rela­
tionship between noise figure and 1/f noise is quite 
complex, and a more direct measurement of 1/f 
noise was desirable. The equivalent saturated diode 
current, Ieq, measured at the output of the transistor 
in a common emitter connection is an effective, di­
rect indicator of 1/f noise. Measurements are made 
at 1 khz and an emitter current of 1 ma, with a very 
high source resistance Rs in the base lead.

As shown in the upper figure on next page, the 
1/f noise of a transistor can be represented by a 
current, (the square root of the average value of if
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Test circuit for performing noise measurements is 
a common emitter amplfier, tuned for a maximum 
gain at 1,000 hertz. The circuit's effective current 
amplification factor and the time constant of the 
indicating instrument determine the relative accuracy 
of the noise measurement readings.

squared) Vjf2, in parallel with the emitter junction.3
If a large wirewound resistor Rs is connected in 
series with the base, the transistor’s output current is

ft, Vjj2

where /3„ is the current gain of the transistor.
To measure the value of the noise current, a 

noise diode is connected in parallel with the tran­
sistor output and the diode current increased until 
the current generated by the transistor doubles.

Therefore:

V ft/l72 = 2q Ieq Af
where q is the charge of an electron and A f is an 
incremental frequency range over which the meas­
urement is made. The current Ieq is the equivalent 
current of the diode noise source. Therefore Ieq is a 
direct measure of the 1/f frequency noise current 
generator.

The test circuit for measuring 1/f noise in tran­
sistors is shown above. Other amplifying stages 
follow in the actual test setup. Usually the equiva­
lent saturated diode current I,.q is so large that it 
is inconvenient to use a noise diode as a standard 
for its measurement. Any other calibrated current 
generator can serve as well. If enough signal current 
is added so the amplified power output of the device 
is doubled, then it is a simple matter to calculate Ieq.

For example, let ic be the known signal from the 
current generator, then

ic2 = 2qleq Beff
where Beff is the effective bandwidth of the measur­
ing system. The current Ieq can be determined from 
this relationship.

The factor Betf is defined in the following way. 
The function g(f) is the voltage gain versus fre­
quency characteristic of the tuned amplifier used in 
the experiment. If the amplifier is tuned for a maxi­
mum gain, g0, at 1,000 cycles, then:

/* CO
Beff = ~ T  /  g2 (f)df 

8 0  J o
This is a constant value for the particular amplifier 
used and need only be calculated once.3

It is often assumed that Be(( should be small 
compared to the center frequency of 1,000 hz. How­
ever, it is inconvenient to choose a Beff that is too 
small since the rectified noise will then cause 
fluctuations in the output meter, reducing the ac­
curacy of the measurement.

The relative accuracy of a single measurement is 
given by

100%

V  2Bcff r
where r is the time constant of the indicating in­
strument.3 A reasonable compromise is obtained 
with BCff «a 500 hz and r =  2 seconds.

Artificial aging

The transistors are aged at an elevated tempera­
ture for 10 hours and then allowed to cool and
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Comparison of the operating life of different 
transistor types indicates that those with 
initial low noise achieve longer life spans.
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Plot of results demonstrates 
how the equivalent saturated 
diode current, U, measured 
at the output of the test circuit 
changes drastically just before 
a typical device fails. A 
measure of the base current, above, 
of the same transistor does not 
supply any such warning.

remain at room temperature for another 10 hours. 
This stress was employed to accelerate failure 
mechanisms in the devices. The 1/f noise was then 
measured and the cycle repeated.

It was found that the choice of aging tempera­
ture and the duration of the rest period at room 
temperature are critical. For instance, if the aging 
temperature is too low, the lifetime of the transistor 
would be so great that the time required to com­
plete the study would be prohibitive.

On the other hand, if the temperature is too high, 
the transistor’s lifetime is foreshortened and the 
device would fail before a sufficient number of data 
points could be taken. An aging temperature of 
350° C is a good compromise for most silicon tran­
sistors; at that temperature, the device lifetime is 
a few hundred hours and a reasonable determina­
tion of the lifetime can be obtained with measure­
ments made every 10 hours.

A suitable rest period between aging cycles is 
important, since it takes about 10 hours before 
complete equilibrium is reestablished within the 
transistor after it has been exposed to elevated tem­
peratures.
W hat has been found

The figure above shows a typical plot of the 
measured noise for a 2N914 silicon transistor as a 
function of time. Even though Ieq remains prac­
tically constant until the end of the transistor’s life, 
it does increase by two to three orders of magni­
tude just before the transistor fails. A plot of the

base current as a function of the aging time for 
the same transistor does not warn of the impending 
failure even after hundreds of operating hours.

These measurements were repeated many times 
for a variety of types of silicon transistors with the 
same results—the base current hardly changed but 
the low-frequency noise increased very rapidly 
when the transistors were about to expire.
Low noise, long life

The graph at the left is a plot of lifetime as 
a function of the initial value of Ieq for transistor 
types 2N697, 2N914 and 2N1565 aged at 350°C, 
and indicates that transistors initially exhibiting 
low noise have longer life spans than high-noise 
units. Therefore, by measuring the low-frequency 
noise of new transistors, it is possible to make a 
reasonable prediction about life expectancy of the 
devices.

Obviously this method needs much more testing 
before it can be generally accepted. It is hoped 
that the results presented might stimulate such a 
large-scale test to discover how reliable low-fre­
quency noise measurements are in predicting the 
life expectancy of new transistors.
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Meteorology

Ghost balloons riding the skies 
will report the world’s weather

Key to  fu tu re  w eather fo recasting  system w ill be Ghost 

p ro je c t’s g lobe-c irc ling  weather balloons and the ir 

sim ple, inexpensive track ing  and te lem etry  equipm ent

By Ernest W. L ich fie ld  and Robert W. Frykman
National Center for Atmospheric Research, Boulder, Colo.

W eather balloons dangling solar-powered telemetry 
and tracking equipment are being launched every 
few days at Christchurch, New Zealand, in a pro­
gram to develop a global weather forecasting sys­
tem. By the time summer ends in the southern 
hemisphere in March, meteorologists will know 
whether their most pressing development problem 
has been solved.

The test flights are part of a project called Ghost 
for Global Horizontal Sounding Technique. It is 
a plan, still years from completion, to have satellites 
gather atmospheric data from thousands of balloon- 
borne telemetry systems. The satellites would relay 
the data to ground stations and a computer con­
taining a mathematical model of the world’s 
atmosphere would prepare long-range forecasts [see 
“Meteorologists’ 40-year-old dream,” p. 102],

With adequate data, mathematical models and 
methods of altering atmospheric temperatures on 
a huge scale, it may be possible one day to prove 
that Mark Twain was wrong—that somebody is 
doing something about the weather.

However, even the data collection plan won’t 
work unless balloons are made that can remain
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aloft, at selected constant-density altitudes, for 
an average of six months. A global system will 
require 10,000 or more balloons. Without long-lived 
balloons, the cost of replenishing the fleet will be 
prohibitive and the system problems too complex.

Related programs of the Environmental Science 
Services Administration ( e s s a ) ,  the National Aero­
nautics and Space Administration and a French 
program known as e o l e  will also require reliable 
balloons.

Balloons launched early this year at Christchurch 
came close, but not close enough to the design 
goals [see “Around the world in much less than 
80 days,” p. 101]. The improved balloons now being 
flown have theoretical life expectancies up to two 
years and results from a few preliminary flights are 
encouraging.

Nor does the telemetry equipment seem to pose 
insurmountable problems. Signals have been re­
ceived at ranges beyond 4,000 miles with present 
sensing, coding and transmitting equipment. This 
equipment, costing less than $300 per balloon, 
provides data on balloon performance and allows 
simple ground stations to track the balloon.

Operational balloons could determine their own 
positions with the aid of radio navigation systems, 
such as Omega, and would telemeter data such 
as wind direction and velocity (determined from 
position changes), temperature, humidity and 
atmospheric pressure. To avoid hazards to aircraft, 
the electronic equipment can be mostly thin-film 
components on the skin of the balloon.
Global system plans

The Ghost project stems from proposals made 
nearly 10 years ago by Vincent E. Lally and 
others.1’2’3 Lally now heads the Ghost project at the
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Ghost balloon, with pendant electronics package encased in its black thermal-control cover, is silhouetted against 
the sky as it rises toward its assigned altitude. The package is suspended from the transm itter's antenna.

National Center for Atmospheric Research ( n c a r )  

and he supervised the design of the balloons. The 
tests- are a joint effort of n c a r , e s s a  and the New 
Zealand Weather Service.

Plans are now being made by n c a r  and e s s a  for 
the next phase of the project—experimental inter­
rogation of balloons by satellites, n a s a  satellite 
specialists are helping; n a s a  plans to launch suitable 
satellites in 1968 and 1969. A conceptual drawing 
of this system is at the bottom of page 100.

Eventually, Ghost would become part of a pro­
posed Global Meteorological Observation System. 
The balloons would be supplemented by ground 
stations and ocean buoys, or even balloons tethered

to floats. The e s s a  Scomo project (Satellite Collec­
tion of Meteorological Observations) is a related 
program.

All of the projects are focused on overcoming a 
problem that often forces meteorologists to base 
weather forecasts on educated guesses. The fore­
casts cannot always be accurate because conven­
tional weather stations and radiosondes provide 
accurate data for only about 10% of the earth’s 
atmosphere. Weather satellites have alleviated the 
problem by detecting cloud masses and tempera­
tures, but they haven’t solved it.

Because the balloons are considered a first step 
in creation of a global data-collection system, Ghost
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has been endorsed by the World Meteorological 
Organization, a United Nations agency. A dozen 
tracking stations in southern hemisphere countries 
are participating in the tests.

Operational system

In one respect, Ghost is already an operational 
system. Simply plotting the course of each balloon 
as it is tracked over the earth indicates the wind 
velocity and direction at the balloon’s altitude.

One of the authors [Lichfield] is spending most 
of November and December in Antarctica—while 
the other [Frykman] is supervising the flights in 
New Zealand. Six balloons are being launched at 
McMurdo Sound, Antarctica, to observe the air 
circulation around the South Pole; the first is al­
ready transmitting loud and clear.

Continually tracking 50 balloons could provide 
useful synoptic (mass air movement) data. Quickly 
relayed to weather bureaus, the information would 
help fill in the vast blank spots in world weather 
maps. Three or four real-time tracking stations 
could cover the southern hemisphere.
Telemetry transmitter

The telemetry system in the flight tests demon­
strates that an extremely simple electronic system 
can perform the complex job of tracking and 
telemetering simultaneously. It does this by adding 
a few new tricks to the coding techniques invented 
by Samuel Morse and the keyed, continuous-wave, 
modulation method credited to Guglielmo Marconi.

First, the frequency of a unijunction-transistor 
pulse generator, in the upper left of the diagram 
on page 104, is varied according to the resistance 
of a sensor. The oscillator’s output varies the 
period of a Morse code signal that identifies the 
balloon being tracked. For tracking, the sensor is 
a solar cell whose resistance varies with the eleva­
tion angle of the sun.

A suitable radio receiver, stop watch, sun-angle 
tables and an instrument calibration curve are all 
that is needed to plot the location of any balloon 
to an accuracy within ±100 miles at a range of
4,000 miles. The accuracy has been as good as 
50 kilometers and the range as great as 8,000 
kilometers in some cases.

Although the system is simple, the performance 
and design criteria seemed almost impossible to 
meet at first. The telemetry equipment had to 
cost less than $300, weigh less than 6 ounces in­
cluding power supply, operate at temperatures as 
low as —55°C and transmit for about a year. Four 
telemetry channels were required and each unit 
had to transmit a unique identification code so 
that up to 20 balloons could share a single channel.

The result is the system shown in the launch 
photograph on page 99. The package is hung from 
the balloon by the antenna of the 15-megahertz 
transmitter. The antenna is a center-fed dipole 
consisting of a quarter-wave section above the 
package and an equal section trailing freely below 
the package.

Power is supplied by a panel of 26 solar cells

Operational fleet of Ghost balloons would form the information gathering arm of the Global Meteorological 
Observation System. Satellites in polar and equatorial orbits would query each balloon as it came within 
range and store the data for transmission to ground stations. On the ground, the data would be fed to a 
central computer, programed with a mathematical model of the atmosphere, to prepare worldwide weather forecasts.
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Path followed by the Ghost 
balloon in making the first 
around-the-world flight and 
the two subsequent 
circumnavigations. On the 
last lap, radio contact was 
lost four days, shown by the 
dotted line.

Around the world in much less than 80 days
On April 10, 1966, a Ghost balloon completed the 
first nonstop around-the-world flight ever made by 
a balloon. The flight took 10 days, clipping 70 
days off Phileas Fogg’s fictional record.

After it was launched at Christchurch, New 
Zealand, the seven-foot-diameter sphere rose to a 
preselected altitude of 40,000 feet. Propelled by 
air currents, it drifted across the South Pacific, 
South America, the South Atlantic and Australia, 
before passing north of New Zealand, over the Fiji 
Islands, to complete the circuit.

Its progress around the southern hemisphere was 
tracked by stations in New Zealand, Mauritius 
Island, Australia, South America and Africa. It 
made six trips around the world in 74 days before 
radio contact was lost. Other Ghost balloons have 
remained aloft for more than six months and one 
has circled the earth 17 times.

Wide open spaces. The southern hemisphere with 
its vast expanses of ocean, serves as a huge test 
range for the Ghost program. When the first tests 
were made in 1964 in Japan, only short flights were 
possible—the balloons had to be equipped with 
timed cut-down devices to make sure they would 
not overfly Iron Curtain countries.

Long flights are essential in the test program. 
The balloons’ telemetry can be checked out quickly 
and their ability to stop rising at a preselected 
altitude can be verified by radar. But long flights 
are vital to determine the life expectancy of the 
balloons and the equipment.

Life expectancy of the balloons is uncertain 
because the design is new. These are superpressure 
balloons, not the conventional zero-pressure bal­
loons whose altitude is regulated by releasing or 
jettisoning gas to counteract for gas expansion in

the daytime and contraction at night.
Stretched tight. The Ghost balloons are only 

partially inflated with helium; they rise until the 
helium fully distends the balloons and the density 
of the balloon and its payload equals that of the 
atmosphere at the designated altitude. Thus, the 
balloons float at a constant-density—or approxi­
mately constant atmospheric pressure altitude— 
providing a good starting point for the analysis of 
atmospheric data.

The balloon skins must be strong, inelastic and 
impermeable to gas. They are made of two-ply 
Mylar, to block pinholes, in diameters ranging 
from 5 to 34 feet.

Nearly 50 balloons were launched between March 
and August, when bad weather, short days and 
other problems curtailed the flights. Those flights 
were made at density levels of 500 and 200 milli­
bars—roughly 18,000 and 40,000 feet. The 200- 
millibar balloons have set the longevity records; 
the longest a 500-millibar balloon stayed aloft was 
19 days. Icing probably contributed to the shorter 
life of the 500-millibar balloons.

Deicers. In the present test series, flights are 
planned at 300 and 30 millibars as well as at 200 
and 500 millibars. Some balloons will fly well above 
icing levels, while telemetry packages trailed on 
long tethers will probe the icing conditions below.

Icing can cause the balloons to drop, just as 
leaks do. To counteract leaks and other flaws, manu­
facturing quality control has been improved. To 
counteract icing, coatings of wax and other sub­
stances are being tried and free lift is being in­
creased to help the balloons carry ice. Theoretically, 
the improved balloons can stay aloft two years and 
it is hoped that they will meét the six-month goal.
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and this limits tracking and telemetry to daylight 
hours. This limitation is not serious in the test 
because of the long days of summer near the 
South Pole, but rechargeable batteries would be 
needed in operational equipment. A solar-cell and 
battery equipped version of the airborne package 
is being used to gather ground weather data as 
part of the experiment [see p. 106].
Tracking by telemetry

Although the instrumentation allows for four 
channels of telemetry from each balloon, on many 
flights only a single channel of data—the angle 
of the sun above the balloon—is employed. This 
is sufficient for tracking the balloon, pinpointing 
its position and obtaining general information on 
the circulation of air masses as a byproduct of 
the tracking data.

The sun-angle sensor is a cadmium-selenide 
photocell. The higher the sun above the balloon, 
the more directly the sensor is irradiated and the 
lower its resistance.

The sensor is the rate determining resistance in 
the unijunction-transistor circuit that forms the 
resistance-controlled oscillator ( r c o )  seen at the 
upper left of the main circuit diagram on page 
104 and in the four-channel diagram on page 103. 
The r c o  serves as a pulse generator whose pulse 
rate is proportional to the sun’s elevation angle. 
The time it takes the coding circuitry to generate 
the Morse code letter identifying the balloon is 
also proportional to the sun angle.

Meteorologists' 40-year-old dream
If a perfect mathematical model of the earth’s 
atmosphere existed, meteorologists could be a great 
deal more precise and have greater confidence in 
their long-range weather forecasting. Such a model 
—first proposed by L.F. Richardson, a Briton, in 
the 1920’s—would represent the interactions in 
the atmosphere by a series of partial differential 
equations. These equations could manipulate atmos­
pheric data to provide forecasts of up to two weeks.

Richardson figured he could postulate formulas 
for some of the weather processes, but the formulas 
couldn’t be proven or disproven because the me­
chanical calculators of the 1920’s couldn’t solve 
them.

A bewildering variety of factors influence weather 
and climate. Besides the obvious factors, there is 
heat exchange between oceans and the air, friction 
between ground and air, radiation from space, the 
distribution of trace constituents such as ozone, 
and so on.

Too much, too soon. In the 1950’s, John von 
Neumann and his associates at Princeton Uni­
versity were able to test a mathematical model

At the ground receiver, the operator times the 
period of 10 code letters and notes the time of 
day. A calibration chart is used to translate code 
period to sun angle. With an ephemeris table that 
gives the time of solar transit and solar declination, 
the balloon location can be plotted on a map such 
as in the example below.

Tracking data for a typical Ghost balloon flight. As shown by the curves at the left, with continuous 
reception on the first two days, position was determined by the time of day of the maximum sun-angle 
reading. The two irregular trackings at the beginning of the first day were caused by the swinging of the 
package as the balloon rose during the early part of its flight. On the third day, when data 
was incomplete, the intersection of the loci of all points with sun angles transmitted at three different 
hours gave the balloon’s position. This balloon was flown from Boulder, Colo., in April 1965.
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with an electronic computer, but it was too simple 
a model to be practical. After 10 more years of 
progress in computers, atmospheric scientists still 
lack a comprehensive model. Important factors 
must be omitted from the model because there 
isn’t enough data available to formulate the equa­
tions. Millions of bits of data are needed. Modem 
computers are too small to contain the model and 
the data and are 100 times too slow for the proc­
essing task. If the simulations of atmospheric 
events are to be of value as forecasts, they have 
to be completed before the actual events occur.

The painted desert. The need for simulation has 
been summed up by Walter O. Roberts, director 
of the National Center for Atmospheric Research.

“We must model, mimic nature, and theorize, 
in order to decide whether and how to experiment 
in the real atmosphere. For this to succeed, we must 
of course find ways to formulate models equal to 
the complexity of nature, and discover the means 
of testing them on computers fast enough for us to 
live long enough to evaluate results. We must paint 
the Mojave Desert black, by means of a numerical 
model, and use computers many times the speed 
of nature’s computer, the atmosphere. . . . And we

will want to perform other simulations, too, like 
buildings dams across the Bering Straits, or pour­
ing lamp black on the Arctic Sea. We must build 
laboratory mountains, oceans and continents, with 
the magnitude and quality of effort that the stakes 
justify.”

Supercomputers. The Illiac 4, a computer being 
developed at the University of Illinois, may do the 
trick. [Electronics, April 4, p. 36]. It is being de­
signed to perform a billion computations a second. 
Scientists at the National Center for Atmospheric 
Research are working with the development group 
and computer manufacturers.

While supercomputers are a partial answer, the 
lack of data is still severe—a failing that the Ghost 
program should help overcome. There is already 
international cooperation in this field, stemming 
from a United Nations resolution in 1961 urging 
development of satellite weather observation as 
one of the peaceful uses of space. As part of this 
effort, the Ghost program has been endorsed in 
the United States by the National Academy of 
Sciences. Among the sponsors of the work at the 
Atmospheric Research Center are a number of 
universities and the National Science Foundation.

An approximate track of the balloon can be made 
by recording the data several times a day.

The Christchurch facility receives data from the 
other tracking stations and plots the balloons on 
a large globe. The station also sends all the data 
to the n c a r  laboratory in Boulder, Colo., where a 
computer determines balloon locations.

Four-channel telem etry

Any sensor whose resistance varies in proportion 
to the data sensed can be substituted for the photo­
cell. The only restriction of the present r c o  design 
is that the sensor be limited to a resistance range of

approximately 3 to 500 kilohms.
The arrangement in the block diagram shown 

below allows four sensors to share a transmitter. In 
test flights, these primarily check on such factors as 
stress in the balloon’s skin, temperature of the 
helium gas and temperature of the electronics, but 
air temperature has also been measured and other 
atmospheric data, such as humidity, could easily 
be obtained.

To convert the equipment to a four-channel sys­
tem requires an additional circuit board. Then each 
of the four assigned code letters is transmitted 16 
times, with the sequence repeated after every four

SINGLE CODER

{—-PERIOD— J

S M A L L  VALUES OF RES ISTAN CE

PERIOD-

LARG E  VALUES OF RESISTANCE

FOUR CODER

Addition of a four-counter, gate and three more resistance in controlled oscillators (the colored blocks 
in the lower diagram) converts the basic Ghost circuitry (top) in a four-channel 
telemetry system. Any variable resistance sensor, such as a thermistor, can be used .
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LOGIC WAVE FORMS
B IT

F/F  I 1

F/F 2 2

F/F 3 4

F/F 4  8

CODE SW ITCH 0  

1,2 
1.2

1 = 1,2,4

3 = 1, 2 ,4

5 =  1,2 ,4

7 =  1,2 ,4

9 = 1, 2,8

A = 1 0

B = 3, 5, 7 , 0

D = 3, 5 0

F = 1 , 3 , 7  0

* 0  N U M BER  IN BOX IND ICATES THE C IRCU IT  IS W IRED TO 
TURN OFF CODE SW ITCH AT THE B IT  NUMBER INDICATED

Ghost balloon’s telemetry system contains the simple cir­
cuitry shown below. Four identical flip-flop stages in 
a 16-counter, five NAND gates and a multivibrator switch 
make up the code generating and repeating circuits. Code 
letter period is governed by the oscillator of diagram 
(upper left, below) whose frequency varies with the sun- 
angle sensor’s resistance. Above are output wave­
forms of the counters, gates and switch and sample Morse 
code waveforms of some of the combinations.

letters. The letter identifies the data channel and 
the sensor data is calibrated by the same technique 
used to determine sun angle.

A 16-counter and a group of gate circuits produce 
the code letter that keys the transmitter output. The 
letter can be changed by modifying the gate wiring 
pattern. The wiring pattern in the diagram shown 
below produces the letter K.

The coder takes advantage of the fact that Morse 
code uses a 1-bit length for a dot or a space and 
3 bits for a dash. If a letter is started on the begin­
ning of a zero bit, the spaces always occur on the 
odd-numbered bits and the letter ends at the begin­
ning of an odd-numbered bit.

Therefore, five n a n d  gates are wired to give nega­
tive-going outputs on the odd-numbered bits: gate 1 
on bit 1; 3 on 3; 5 on 5; 7 on 7; and 9 on 9, as the 
logic waveforms shown in color on the diagram 
indicate. The gates are timed by counting the r c o ’ s 

pulse output with the 16-counter, which consists of 
four flip-flops. An o r  function turns off the trans­
mitter if the code switch is in the off state, or if any 
n a n d  gate connected to the code-select line has a 
negative output.

The n a n d  gates and the o r  function can be wired 
to produce any code letter, as the lower set of wave­
forms indicate. The n a n d  gate outputs can be con­
nected to the code-select line, to the turn-off switch 
or left unconnected. For example, if gate 5 is con­
nected to the turn-off switch, the transmitter will 
turn off at code bit 5 and remain off until it is turned 
on by the 16-counter at bit 0. To produce the letter 
D, for instance, gates 3 and 5 are connected to the 
code select line and gate 9 to the turn-off switch.

Signals with frequency differences as low as 100

0  2 4  6  8 1012140 2  4  6 8 101214 0
*TjnjajajTJTjajiJTrLnjTj“Lrcri_rLrL___

T---------1-------- 1-------- 1---------1___
t______ i------- 1______ r------- l_.

n _______n_______n_______n.

_______n_______n_______n _

n _______n_______n_______n.

n _______n------------n------------n _ ____

1___r u ir u — ------1___rLTUU— — l ——

*i n n i--------- 1___I'Ll u 1____——

TTLTT___TU------------LTLTI----TU 1—— ....
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Basic Ghost electronics circuitry is on the semicircular printed-circuit board. Circuitry for four-channel 
telemetry is on the smaller rectangular board; sun-angle sensor is in the middle of the solar-cell panel.

hz can be separated by keying a c-w transmitter at 
low bit rates—a handy feature of the telemetry 
system if large numbers of balloons are to be used. 
For the tests, a frequency in the 15-megahertz band 
was selected, because of the consistent long-distance 
propagation at this frequency.

Reception at a range of 4,000 or more miles is 
regularly achieved, although even at noon the solar 
panel supplies only 150 milliamperes at 12 volts. 
Because there is no battery, transmission power 
ranges from a maximum of 1 watt at noon to 50 
milliwatt just before sunset. These power levels, 
ranging from “flea” to “gnat” would seem to be too 
weak to carry the signal to receivers beyond the 
horizon.

The long range is credited to the narrow band­
width and the excellent skip propagation at 15 Mhz 
during the daytime, n c a r  uses a three-element beam 
antenna and a Collins Radio Co. 51S1 communi­
cations receiver as the ground station. This receiver 
has a 500-hertz intermediate frequency. Even if the 
reception is so noisy that the operator can identify 
only some of the code letters received, he can still 
time the code period and obtain useful data.

To keep the circuitry warm at high altitudes, a 
black plastic cover, seen in the photograph on page 
99, is fitted over the electronic assembly shown 
above. The solar radiation soaked up by the cover 
maintains the internal temperature at about 15°C 
at 40,000 feet, where the air temperature is —50°C.

At first, this warmup technique was too efficient— 
the circuits heated up to 40°C at 20,000 feet and to 
30°C at 40,000 feet. A small ventilation hole in the 
cover solved the problem.

The circuitry is assembled on epoxy-glass printed 
circuit boards; the assembly weighs 24 grams and 
the solar-cell panel 45 grams. The solar-cell panel 
is atop the unit, facing the sun.

Tomorrow, thin films

The Ghost balloons are only a negligible hazard 
to aircraft. The balloon skins, stretched taut and 
only 1 to 2 mils thick, would virtually disappear if 
they collided with an airplane. The electronics pack­
ages weigh as little as 4 ounces, a fraction of the 5 
pounds that the Federal Aviation Agency considers 
a hazard to aircraft.

However, since many thousands of Ghost bal-
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CODE BIT COUNTER

Ground weather station, Moses, is also based on the Ghost electronic circuitry. Addition of a battery storage 
system and a larger solar-cell panel makes it capable of a round-the-clock-transmission. Color blocks indicate 
four-channel telemetry circuits that may be duplicated to increase information capacity.

loons would be aloft in an operational system, pre­
cautions should be taken to avoid an air disaster. 
The solution proposed years ago by Lally was thin- 
film circuitry.2’ 3 The circuits could be spread over 
the skin of the balloon, so size of the circuitry is no 
limitation. There are no foreseeable problems in 
making very thin resistors, capacitors, semiconduc­
tor devices and solar cells. Relatively thin nickel- 
cadmium batteries have been made and circuits that 
substitute for coils can be designed. Resonant cir­
cuits for the higher frequencies can be made as 
strip transmission line. Foam plastic can serve as 
the dielectric.
Ground-based cousin

A ground-based version of the system was in­
stalled at Christchurch to transmit atmospheric data 
to Melbourne, Australia. Dubbed Moses, for Me­
teorological Observing Station, Extremely Simple, 
it is a four-channel model with an enlarged solar 
panel (90 cells) and a rechargeable nickel-cadmium

Moses electronic package, shown without its protective 
cover, has sufficient battery capacity for a week’s 
operation without sunlight. With weight no longer of 
primary concern, the added batteries and enlarged solar­
cell panel can insure a long operational life.

battery. The panel is tilted at an angle to receive 
maximum radiation from the sun. The circuitry is 
housed in a section of 6-inch pipe on a pole and the 
antenna is a simple ground plane formed by the 
pole’s guy wires. The pole is 4 meters high.

To shorten the transmitter’s duty cycle, coding 
periods were lengthened and four code groups were 
used, rather than the Ghost’s 16, resulting in the 
system shown above. It will operate without sun­
light for seven days and can get along if sunlight 
averages only 3 hours a day.

In the test setup, Moses’ oscillator is controlled 
by two thermistors—for air and package tempera­
tures—a reference resistor and a battery-voltage 
monitor. With one exception—a simple, reliable, 
wind-velocity transducer—the sensors needed to 
make Moses an operational weather collection sys­
tem are available. Extra channels could be added 
for little additional cost, and power consumption 
could be cut 80% with low-power logic modules.

The high cost of present automatic weather sta­
tions, and the logistics of maintaining them, often 
precludes their installation on small islands and 
other out-of-the-way places. Moses could easily and 
inexpensively collect weather data from remote lo­
cations, since its range is 6,000 kilometers and its 
cost is less than $1,000.

Solar-powered Moses-type stations would require 
little maintenance and a network of them could be 
monitored by one receiving station. Since trans­
mission is continuous, data readout could be han­
dled by automatic timing circuitry.
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If you were impressed by 
our powerful 500-MW laser,

now take a look at our 
quiet new fuel cell.

We developed it for the Army. I t ’s so quiet you can’t 
hear it 100 feet away. Yet it will provide 28 VDC for 
more than 1000 hours without major repair or re­
placement. And, complete with cell stack, blower, 
pump, starter and voltage regulator, it weighs only 
30 pounds.

We don’t  know why portability and silence were 
needed for this fuel cell. B ut we think we 
know why we were asked to make it. I t ’s be­
cause we’re known for leadership through­
out the expanding world of electronics.

For instance, we also make the world’s most pow­
erful laser (500-MW), and a tiny Mi-watt CW unit. 
And the largest line of U.S.-made single crystals 
and crystal products. And a sophisticated line of 
solid state devices. And the country’s first family of 
solid tantalum  and foil-film capacitors.

For specific data on fuel cells —or lasers or any 
of our electronics field p roducts  —w rite  
Union Carbide Corporation, E lectronics 
Division, 270 Park Avenue, New York, New 
York 10017.
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250 kW tetrode now 
ready for tomorrow’s 
super-power transmitters

The EIMAC 4CV250,000C is the world 's highest power 
tetrode. It is designed for service in super-power broad­
cast transmitters, and was developed on the foundation of 
technology which produced its " l i tt le brother,” the hundred- 
kilowatt 4CV1 OO.OOOC, now used by the USIA. The giant 
new vapor-cooled tube combines high power gain with long 
life. Vapor cooling is accepted as an eff ic ient and econom­
ical method of cooling in advanced broadcast systems. As 
E lM AC ’s latest addition to its line of power tetrodes, the 
4CV250.000C is ideally suited for service as an audio 
modulator, a pulse modulator, or a regulator, and as an rf 
amplif ier in linear accelerators. Ready now for the super­
power transmitters of the future, this 250 kW tetrode is 
another example of how E lM AC’s experience in power 
tube technology paves the way for the developments of 
tomorrow. For a power tube to fit your needs —big or small 
— write Product Manager, Power Grid Tubes, or contact 
your nearest EIMAC distributor.

TYPICAL OPERATION
( a s  a  P l a t e - M o d u l a t e d  P o w e r  A m p l i f i e r  

a t  F r e q u e n c i e s  b e l o w  3 0  M H z )

DC P l a t e  V o l t a g e ............................................................................................1 4  kv

DC S c r e e n  V o l t a g e .........................................................................................8 0 0  V

P e a k  AF  S c r e e n  V o l t a g e  ( fo r  1 0 0 %  M o d u l a t i o n ) ..................8 0 0  V

DC G r i d  V o l t a g e ............................................................................................ - 8 0 0  V

DC P l a t e  C u r r e n t ....................................................................................................... 2 9  A m p s
DC S c r e e n  C u r r e n t ................................................................................................. 3 . 6  A m p s

DC G r i d  C u r r e n t ....................................................................................................... 1 . 8  A m p s

P e a k  R F  G r i d  V o l t a g e .................................... .......................................1 2 0 0  V
G r i d  D r i v i n g  P o w e r .................................................................................... 2 . 5  kW

P l a t e  O u t p u t  P o w e r ...................................................................................2 9 2  kW

EIMAC
D iv is io n  o f  V a r ian

San Carlos, California 94070
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R andom  a c c e s s  a t  a d is ta n c e note how that affects the broadening of lines of various widths 
beyond what the simple geometry predicts. You may learn 
something useful.

You may also be pleased to learn that we are starting to 
manufacture for your very special needs a photographic plate 
that is not of the silver halide persuasion. Over the glass base is 
a layer of chromium <0.15^ thick, bearing a light-sensitive 
resist of its own <  0.6/̂  thick, bearing in turn a water-soluble 
protective layer that must be removed just before exposure in 
vacuum-aided contact with a K o d a k  High Resolution Plate 
carrying the image. Processing and etching leave a mask of 
chromium or no-chromium which is far less susceptible to 
abrasion damage from a few brushes with epitaxial crystals 
than is the gelatin of the High Resolution Plate when used 
directly as the mask, as now.

We have a lot to learn about manufacturing the forthcoming 
K o d a k  Photosensitive Metal Clad Plate, as do electronics 
people about using it. To get your technique ready, we have 
put together some kits containing 10 2" x 2" specimens of our 
present concept of these plates, some chemicals and spray 
units, and some directions from which to start.

T h e  k i t s  c a n  b e  o r d e r e d  f r o m  o u r  p h o t o f a b r i c a t i o n  d e a le r s . I f  
a r o u n d  $100 s o u n d s  l i k e  t o o  m u c h  f o r  o n e  o f  t h e s e  k i t s , t a k e  i t  a s  a  
s ig n  t h a t  y o u  d o n ’ t  n e e d  o n e . Y o u  c a n  g e t  t h e  n a m e s  o f  a  f e w  p h o t o ­
f a b r i c a t i o n  d e a le r s  f r o m  F . O . B e u c k m a n , E a s t m a n  K o d a k  C o m p a n y , 
R o c h e s t e r , N .Y . 14650.

80 thin-layer chromatograms 
80 airports
80 bubble-chamber events 
80 stratigraphies 
80 microcircuits 
80 cities
80 poisonous mushrooms 
80 output-input tables

80 psychotic patients 
80 disc-electrophoresis patterns 
80 antenna radiation patterns 
80 common skin lesions 
80 uncommon minerals 
80 kinds of surface finish 
80 kinds of ocean bottom 
80 kinds of forest cover

Eighty of anything can be depicted on 80 slides that go into a 
K o d a k  C a r o u s e l  Projector Slide Tray, and any one of them 
can be on the screen in no more than 4 seconds after the in­
structor or demonstrator up front, or the museum visitor out 
front, sets the dial to the number he wants and presses the 
button. Specification sheet for K o d a k  C a r o u s e l  Projector, 
Model RA-950, and name of dealer can be supplied by 
Eastman Kodak Company, Motion Picture and Education 
Division, Rochester, N.Y. 14650. You may have a use for it 
even more urgent than education, if anything can be. You may 
never even get to twist the dial and yet have the satisfaction of 
hooking up a few wires to knock the bottom out of the going 
price in the hardware market for graphic data storage and 
readout. In color, yet. Just as easy.

L ea rn in g  to g e th e r
At this late date in the history of microelectronics and of the 
role therein of the K o d a k  High Resolution Plate for mask­
making, a certain phenomenon of physical optics may still 
need to be pointed out. Unlike the situation in the more ven­
erable branches of photography, where oldtimers with oldtime 
lenses developed the habit of always stopping down the lens to 
sharpen up the picture, that’s the wrong way to go to keep the 
fine lines on the plate from fuzzing out beyond their widths 
calculated from the reduction ratio. With a lens of proper de­
sign for the job, like a microscope objective, it is the wave 
nature of light that limits sharpness; the broader the cone of 
light from lens to plate, the less the influence of that limitation.

It requires a material as special as the K o d a k  High Resolu­
tion Plate to get down to where this ultimate limitation takes 
over. To avoid assumptions about the lens you use, however, it 
is well to make a series of tests with it under fixed photographic 
conditions where the only variable is exposure time and you

The hope of doing each other some good prompts these advertisements

R ange w ith  x-rays
Politics may be too important a subject to be left to politicians, 
but radiography, while also of some importance, had better be 
left to the radiographers. Except that, busy minding their own 
business, they might overlook slipping you an item of tech­
nological news you might find useful: that the new importance 
of their craft in reliability control of modern micron-scale 
circuitry has led us to make them an x-ray film capable of 35 X 
useful enlargement.

I f  y o u  w a n t  s o m e , o r d e r  i t  f r o m  a  d e a le r  i n  x - r a y  s u p p l ie s  a n d  e q u ip ­
m e n t  a s  K o d a k  I n d u s t r i a l X - r a y  F i l m , T y p e  R  ( S in g le -C o a t e d ).

Don’t write to ask about the resolving power of this film. 
Radiography is three-dimensional and doesn’t lend itself to 
clear-cut two-dimensional answers. We’ll hem and haw and 
tell you that some electronics people are using this product 
routinely to check on the integrity of buried wires only .0005" 
thick. We’ll inform you that this is one-third the thickness of a 
human hair and conclude by magnanimously brushing aside 
whatever shyness you may feel about calling on us if we can be 
of any further service. It’s the slowest x-ray film we make and 
the one to choose for fighting off insomnia from worry about 
the dreadful possibility of tiny hidden solder balls.

By omitting the parenthetical “(Single-Coated)” on the 
order, you’ll get twice the film speed at the expense of parallax 
that will restrict magnified viewing. From this point up the 
scale of speed we go on by factors of roughly two, with con­
sequent trade-off on fineness of grain, continuing to Type M, 
Type T, Type AA, and Type F, which for direct Pb-screened 
200-kv x-rays is 25 times as fast as Single-Coated Type R.* 
Actually Type F is usually amplified in speed by a further 
factor of 15 to 30 through use of intensifying screens that 
transduce x-rays to visible light. If you can’t accept what this 
does to fineness of detail, you might prefer to skip the screens 
and use our rather coarse-grained Type KK, which is of the 
order of 100 times as fast as the film with which this discussion 
started. It has fewer fans than any other in our line.
* Some people stack four or five of these types together in a single expo­

sure, saving time and money by extending range.
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$12.00, Club Price 
$10.25)

SELECT any th ree  FOR JU ST  A DOLLAR! Choose from Masers and  
Lasers, Tom orrow ^ Weapons, Assault on the Unknown, twelve other 

im portan t titles . . .  your in troduction to m em bership in  the H all of Science 
Book Club.

If you w ant to keep alert to the  growth and impact of today’s science — 
an d  do so economically — then here’s the answer to your problem. All books 
are chosen on the basis of their practical, popular, and professional appeal 
. . .  all are geared to add new dimensions to your understanding of the ideas, 
discoveries, and achievements of science. By join ing  the H all of Science 
Book Club you save yourself the bother of searching and shopping, and save 
in  cost about 15 per cent from publishers’ prices.

H ow  th e  C lub operates . Periodically you will receive the Club’s official 
announcem ent of the forthcom ing feature selection, as well as a num ber of 
a lternate  selections. If you want the featured book, you do nothing, and it 
will be m ailed to you. If you want an alternate —o r if you want no book 
a t all —simply re tu rn  the card conveniently provided for this purpose. We 
ask you to agree only to take three books in a year.

Send  no  m o n ey  now . Just indicate any four books you want — three for 
$1.00 and one as your first Club selection — in the coupon a t right. Take 
advantage of this offer now  — get four books for less than  the regular price 
o fo n e  I

M ail to HALL OF SCIENCE BOOK CLUB
M cG raw -H ill, Inc., 330 West 42nd St., New York, N .Y . 10036

P l e a s e  e n r o l l  m e  a s  a  m e m b e r  a n d  s e n d  t h e  4  b o o k s  
i n d i c a t e d  b e l o w .  You will  bil l  m e  f o r  m y  f i r s t  s e l e c t i o n  
a t  t h e  s p e c i a l  C l u b  P r i c e  a n d  $1 f o r  m y  t h r e e  n e w  
m e m b e r s h i p  b o o k s ,  p l u s  l o c a l  t a x  w h e r e  a p p l i c a b l e ,  a n d  
a  f e w  a d d i t i o n a l  c e n t s  f o r  d e l i v e r y  c o s t s .  As  a  m e m b e r ,  
I a g r e e  t o  b u y  a s  f e w  a s  t h r e e  m o r e  s e l e c t i o n s  d u r i n g  
t h e  n e x t  12  m o n t h s .

M y T h r e e  B o o k s  f o r  $ 1 . 0 0  M y  F i r s t  S e l e c t i o n

| NAME______________________   |
( p l e a s e  p r i n t )  J

I ADDRESS_____________________________________  I

■ CITY_______________________________________________

STATE_____________________________ZIP_____________  .
( T h i s  o f f e r  g o o d  i n  U n i t e d  S t a t e s  o n l y )  H36004 ■

l----------------------------------------------------------- 1

n o C ir c le  i l l  o n  r e a d e r  service card— > -



Do you have a new kind of 
specialty switch 

in mind?

W e can create it for you.
At Arrow-Hart we can supplement the more than 200,000 specialty 
switches we’ve produced by custom-designing any kind of switch 
to meet industry’s needs: a fact that some of America’s most know­
ledgeable companies have discovered and used to great advantage. 
For example, Arrow-Hart specialty switches are in demand at IBM, 
General Dynamics, Tektronix, Hewlett Packard, Black & Decker, 
National Cash Register, and The Stanley Works. To mention a few.

What does this mean to you? Simply, that whatever kind of switch 
you need, Arrow-Hart is the place to look for it. Because if it ’s not 
already on hand, it can be innovated for you —  and produced 
quickly, efficiently, and economically.

This broad line of specialty switches and the specialists who can 
augment it creatively for you and your products . . .  are two of many 
reasons why you buy better electrically at Arrow-Hart. Write today 
for data to The Arrow-Hart & Hegeman Electric Co., 103 Hawthorn 
St., Hartford, Conn. Dept. E.

'7  *1010» CONI.-RG.tS
W I R I N G  D E ' V I C t ' t  

EN C 1 0 S E0  SWJTSHES M l U

S P tc in n  i - w i i t t e  N - X

Q U A L I T Y  S I N C E  1 8 9 0

ARROW-HART
The Arrow-Hart & Hegeman Electric Company, Hartford, Connecticut 06106

Y BETTER E L E C T R I C A L L Y  •  BUY BETTER E L E C T R I C A L L Y  •  BUY BETTER E L E C T R I C A L L Y  • BUY BE



Only DuPont makes a complete line 
of high-quality, tailored solvents 
to meet your critical cleaning needs...

Fluorocarbon Solvents
FREON solvents are exclusively tailored to meet particular cleaning needs. 
Some are azeotropes—materials which when combined act as one compound, 
giving off only pure vapors at one specific boiling point. This makes them 
ideal for use in vapor degreasers. Others are special compounds— 
blended for maximum cleaning efficiency. Regardless of their tailored 
properties, all FREON solvents offer low surface tension for improved cleaning 
penetration . . . high density for floating away particulate m atter . . . excellent 
purity and stability for reuse after simple distillation and filtration. FREON 
solvents are nonflammable and relatively nontoxic . . . special exhaust 
systems are rarely needed. And FREON solvents are selective—they clean 
without harm ing most commonly used component materials.

FREON® TF (boiling point*: 117.6°F.)
A pure chemical (trichlorotrifluoroe thane) used 
to dissolve oil and grease and to float away 
small particles with exceptional safety to met­
als, plastics and elastomers. It is also the base 
for other FREON compounds in Du Pont’s 
family of tailored solvents.
FREON® PCA (boiling point: 117.6°F.)
FREON Precision Cleaning Agent is an ultra- 
high purity grade of FREON TF packaged un­
der white room conditions. It has an extremely 
rigid specification for particulate matter and a 
maximum total residue specification of no more 
than one part per million . . . both soluble res­
idue and particulate matter. This solvent is 
especially suited for flushing operations where 
extreme cleanliness is required.
FREON® TA (boiling point: 110.5°F.)
A patented azeotrope of FREON TF and ace­
tone, compounded for increased solvency 
toward a broader range of more polar and higher 
molecular weight contaminants such as poly­
meric materials. Its uses include removing mold 
release agent from plastic and elastomer parts 
and cleaning electrical and electronic compo­
nents.
FREON® TM C (boiling point: 97.7°F.)
A patented, very stable azeotrope of FREON TF 
and methylene chloride particularly well suited 
for removing rosin-type flux from electrical and 
electronic components. It is stronger than 
FREON TF, but gentle enough for use with most 
metals, plastics and elastomers.
*AII boiling points given at one atmosphere pressure.

FREON® TC (boiling point: 117.3°F.)
A patented azeotrope of FREON TF and chlo­
roform for use where a solvent stronger than 
FREON TF is required, but with greater compo­
nent material compatibility than FREON TMC.
FREON® T-P 35 (boiling point: 120.0°F.)
A patented blend of FREON TF and isopropyl 
alcohol, good for both organic and polar soils. 
It is highly compatible with very active metals, 
an excellent drying agent and ideal for flush­
ing hydraulic piping.
FREON® T-W D 602 (boiling point: 112.0°F.)
A water-in-oil emulsion for cleaning both water 
and oil-soluble soils. It is compatible with most 
plastics, elastomers (except silicones), coatings 
and metals.

* * *
A complete line of tailored solvents 
is exclusive with FREON fluorocar­
bons, available only from DuPont.
For more information, /ffTl ["IflllpF̂  
mail the couponbelow. vgJJ F UrLU'
B etter T hings fo r  B etter L iv in g .. .through Chemistry

D u  Pont Co., R oom 4336, W ilm ington, D el. 19898
Please send m e m ore inform ation on FR E O N ._____ _
solvent (s) for use in  cleaning______________________.

| ----------------------------------- ---------------- -
| N am e______ ____________________________________ _

Com pany.______________________________________ _
Address_________________________________________

I City.________________S t a te _ _________Z ip________ _
I (In Europe, mail to: Du Pont de Nemours International S.A., "Freon"
I Products Div.,81, Route de l'Aire, CH 1211 Geneva 24, Switzerland.)
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t errors

The Tally S ystem  800 verifies a n d /o r  
d u p lica tes  p erfo ra ted  ta p e s  from 
one  through  eigh t ch a n n e ls  in any 
co d e  s tru c tu re  at 120 ch a rac te rs  
p e r seco n d . It u se s  bit ech o  
tech n iq u es  to  m ake su re  th a t every 
erro r is cau g h t on th e  ch a rac te r 
and  elim inated  by com paring  each  
perfo ra ted  bit with e a c h  bit read  
by the  m aster re ad er. Its p rice is 
rem arkably  low an d  delivery 
am azingly good . If it’s  your kind 
of b aby  an d  you w ould like the full 
story, p lease  w rite our m an Crawford, 
A d d ress  Tally C orporation ,
1310 M ercer St., S ea ttle , W ash., 98109, 
Phone: (206) Main 4-0760.
TWX 910-444-2039.



Why we
suspect Richard 
is developing 
Extrasensory 
Perception.

We’ve been keeping an eye on Richard. He 
seems to know exact l y which order of 
Celanar Polyester Film should be shipped 
with impact recorders. What special roll 
lengths and gauges each customer wants.
Exactly who gets what, when and where.

In fact, everyone from plant manager to 
shipping clerk seems to have developed ex­
trasensory perception when it comes to 
making Celanar the best polyester film for 
electrical applications.

Cleanliness, for example. Celanar is the 
cleanest film available. Air filtration systems 
in our Greer, S.C. plant trap dirt specks as 
tiny as 0.3 micron. Celanar is stronger than 
the other polyester film, too. Retains its 
strength at elevated temperatures. And its 
gauge thickness is more uniform. We assure

its uniform ity by radioactively inspecting 
every foot of every roll before it’s shipped.

Celanar film has excellent aging charac­
teristics. Resists embrittlement. We do go 
to extremes to make Celanar your best buy. 
Both in product and service. We even guard 
Celanar film during transit with impact re­
corders. To assure your receiving quality as 
high as we produced.

Send for complete details about Celanar 
Polyester Film—and how we can help you 
make the best use of it. Celanese Plastics 
Company, Dept. 133K, 744 
Broad Street, Newark, N.J.

C e l a n e s e  P l a s t i c s  C o m p a n y  is  a  d i v i s i o n  
o f  C e l a n e s e  C o r p o r a t i o n  o f  A m e r i c a .  
C e l a n e s e ®  C e l a n a r ®

â
CELANESE
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Silicon transistor

BVCEO=200-500V.
HFE=30 min. 

f j=  30 Mc/s min.
-  TO-5 MD14

P U IS  5 WATT 15 WATT

300V TO 1000V
50Mc GBW

35-10 36th Avenue, Long Island City 6, N. Y. • EXeter 2-8000

Electronics ] November 28, 1966
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A. C. Daugherty
President, Rockwell Manufacturing Company, says ■ ■ ■

“One vital job of our advertising 
is to speed pay-out on our research investment”

“We invest almost 5% of sales in research on new 
and improved products for the 22 basic m arkets 
we serve.

“Last year, 52 new products were marketed 
as a result of this continuing emphasis on prod­
uct development a t Rockwell.

“Advertising helps plant ideas about the ad­
vantages of these new products in the minds of

prospects: ideas which grow and are harvested 
as orders by our sales representatives.

“And whether it’s selling power tools to home 
handymen or control systems to process engi­
neers, each one of our advertising campaigns 
also seeks to put the personality of Rockwell on 
p ap er: a growing, dynamic company th a t’s good 
to do business w ith.”

Advertising cuts the cost of selling. . . ASSOCIATION OF INDUSTRIAL ADVERTISERS

41 East 42nd Street, New York, New York 10017
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"W hen  we use A-B hot molded resistors 

instead o f some other make,

it's one less component 
we have to worry about"

Digital Equipment Corporation

! p(i§f 
■> -- -■ 1

D igita l E qu ipm ent C o rp o ra tio n ’s PDP-8 pro ­
gramed data processor, in which these modules 
are used, is a com pact genera! purpose digital 
com pu te r w ith  a high speed, random-access, 
magnetic-core memory fo r engineering, scienti­
fic, and educational applications.

HOT MOLDED FIXED RESISTORS a r e  a v a i l a b l e  i n  a l l  s t a n d a r d  E IA  
a n d  M I L - R - 1 1  r e s i s t a n c e  v a l u e s  a n d  t o l e r a n c e s ,  a n d  c a n  u s u a l l y  
a l s o  b e  f u r n i s h e d  in  v a l u e s  a b o v e  a n d  b e l o w  s t a n d a r d  l i m i t s .  S h o w n  
a c t u a l  s i z e .

FLIP CHIP T . M .  M o d u l e s - ^ - T h e  D i g i t a l  E q u i p m e n t  C o r p o r a t i o n  t r a d e ­
m a r k  f o r  a  n e w  k i n d  o f  d i g i t a l  s y s t e m  m o d u l e  u s e s  A l l e n - B r a d l e y  
h o t  m o l d e d  r e s i s t o r s  e x c l u s i v e l y .

T y p e  B B  i / b  W a t t

4  W a t t

T y p e  E B  1 / 2  W a t t

Allen-Bradley hot molded resistors have established 
such a consistently superior performance record over the 
years that Digital Equipment Corporation uses them 
exclusively in their computers—with no substitutes per­
mitted under any circumstances!

While Allen-Bradley quality is the number one reason 
for this standardization, Digital reports that excellent service 
from Allen-Bradley is an advantage of vital importance to 
them, too. For example: “Recent expansion of FLIP 
CHIP production to meet the demand for PDP-7 and 
PDP-8 computers quadrupled our component needs. With 
Allen-Bradley’s help there wasn’t a single hitch in the 
production speedup.”

The unvarying quality of Allen-Bradley resistors— 
million after million, year in and year out—results from 
an exclusive hot molding process. The precision automatic

equipment developed and used only by Allen-Bradley 
produces such uniform properties that long term resistor 
performance can be accurately predicted. Please note, 
Allen-Bradley hot molded resistors have never been 
known to fail catastrophically in service.

For complete specifications on Allen-Bradley hot 
molded fixed and variable resistors, please write for 
Technical Bulletin 5050: Allen-Bradley Co., 222 W. 
Greenfield Ave., Milwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Limited. Export Office: 630 Third 
Ave., New York, N.Y., U.S.A. 10017. cs-os-se

QUALITY ELECTRONIC COMPONENTS



Y e s — A l l e n - B r a d l e y  h o t  m o l d e d  

p o t e n t i o m e t e r s  c o s t  m o r e ,  b u t —

for critical app 
they prove themselves far superior —and well worth the price
3 When a potentiometer in your equipment does not 
provide the kind of service expected of it—or fails com­
pletely—it is only natural for the user to blame you, the 
manufacturer of the respective instrument. After all, you 
selected the lower cost component, and your engineer 
or your purchasing agent decided that “ it was good 
enough.” Correcting the mistake usually runs into real 
money—it does not necessarily eliminate your customer’s 
dissatisfaction. However, you can protect yourself and 
your customers against such potentiometer failures by 
joining the ever growing list of the nationally recognized 
equipment manufacturers who are standardizing on 
Allen-Bradley potentiometers.

The resistance track of all Allen-Bradley potentiometers 
is hot molded—a process developed and used only by 
Allen-Bradley. Resistance adjustment is always smooth— 
never an abrupt change. Though the initial noise level is 
very low, it is still further improved with use. The long 
life of all A-B potentiometers is a fact, established by

performance during the many years that these controls 
have been on the market. For instance, on “speeded up” 
tests this “life” will exceed 100,000 complete operations, 
with less than 10% resistance change. And during the 
30-year history of this control there has never been 
recorded a single catastrophic failure.

Protect your reputation as a quality equipment manu­
facturer by having your purchasing specification call for 
Allen-Bradley hot molded potentiometers. They are avail­
able in single, dual, and triple units. Can be equipped 
with a 2 ampere 125 volt line switch. Dual units can be 
supplied with vernier control that provides 20 times finer 
setability than obtainable with a single control. Units for 
T, L, and Bridged T and H attenuators are also available. 
Yes—Allen-Bradley controls cost slightly more, but they 
are worth much more. For more details please write: 
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee, 
Wisconsin 53204. In Canada: Allen-Bradley Canada Ltd. 
Export Office: 630 Third Ave., N.Y., N.Y., U.S.A. 10017.
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ET FANSTEEL DO IT! Tell us the component
art you need. We’ll combine our diverse technologies 
ith your application know-how and give you a better, 
ore economical part.
ant a for instance? Our new FANTORK™- Semiconduc- 
r  Hex Head Heat Sink. Previous designs used scarce 
rought OFHC copper for base. Copper shank threads 
ere stripping during assembly, wouldn’t  stand exces- 
ve torque.
Experience told us that we could use Fansteel 2900 
electrical grade sintered copper for the base.
Our engineers im proved on the orig inal design by 
counter-sinking and brazing a steel threaded shank 
into the base.

, N ickel-plated m olybdenum  and tungsten backing 
wafers were a problem. We had the established plating 
technology to do it right.

esults: FANTORK packaging technology provided corn- 
arable heat dissipation to meet high current demands

...shank torque was increased by a factor of three and 
eliminated costly re-threading after assem bly... Fansteel 
plating of wafers assured positive wetting action.
All our customers do:
mount the silicon and assemble—presto! A component 
made to specifications! How easy can you have it?
Don’t  need FANTORK? How about precision parts fo r thy- 
ratrons, ignitions, contactors, mercury vapor arc tubes, 
capacitors? We can make this job easy for you, too.
Let us prove it. Contact your Fansteel representative.. .o r 
write us. Just say, “ O.K., show me how you would... ”

FANSTEEL
Electronic Parts Division
Number One Tantalum  Place • North Chicago, Illino is  6 0 0 6 4
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SECOND
GENERATION
R R

#3736-96

Fairchild Dual RTL integrated circuits are a new generation of multiple complexity devices. They 
pack twice the number of logic functions into a Va " by Va” fla t pack. You get a quad 2-input 
gate into a space previously required for a dual.You also get Fairchild Planar* epitaxial process­
ing, positive NOR or negative NAND logic, noise immunity of 300mV, typical propagation delays 
of 12nsec., hermetically sealed packaging, and fu ll m ilitary range temperature capability. All 
Fairchild Dual RTL circuits are also available in industrial Dual in-line packaging, with a temper­
ature range of 0 to 70°C. You can also get a dual J-K flip-flop in the DIP (see 9994 diagram). 
And this is only the beginning. A hex inverter, a four-bit sh ift register with parallel inputs, 
a four-b it sh ift register with complementary outputs, and other dual ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■  
c ircu its  wi l l  be com ing your way soon. Get evaluation samples I R C H I L O
from your Fairchild D istributor. Or, get our data sheets. Get going. s e m i c o n d u c t o r

) 13 

j 12 

> 11 

) 10

9992
Quad 2-input extender 

► Collector Node Resistor not connected.

9993
Dual 2-input gate and dual expander 

• Collector Node Resistor not connected.

3 13 

3 12 

3 11 

3 10

Available soon:

9996 Hex inverter
9997 Four-bit shift register
9998 Four-bit shift register 
9970 Dual exclusive OR 
9091 Dual 926 J-K flip-flop

9995
Dual buffer, dual 3-input gate

*  Planar is a patented Fairchild process.

FAIRCHILD SEMICONDUCTOR/A Division of Fairchild Camera and Instrument Corporation ■ 313 Fairchild Drive, Mountain View, California (415) 962-5011 ■ TWX: 910-379-6435
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Probing the News
Space electronics

For engineers, a satellite of their own
Space agency set to  tes t Applica tions Technology Sate llites 

tha t w ill establish design guides fo r fu tu re  systems

By Robert W. Henkel
Electronics Washington Bureau

Meteorologists have Tiros and 
Nimbus. Communicators have Re­
lay and Syncom. Scientists have 
dozens of satellites from the tiny 
Explorer 1 to giant observatories. 
Now, the engineers who design sat­
ellite electronics and control sys- 
:ems are about to get their own 
—the Applications Technology Sat­
ellite.

The series of five satellites will 
itart with the launch of a t s - b  on 
Dec. 6. It will constitute the most 
significant and comprehensive flight 
rest yet undertaken to prove new 
satellite engineering developments. 
How the many experiments fare on 
vi s flights during the next two or 
nore years will have a direct impact 
an much of the equipment design 
:or future satellite systems with a 
variety of civilian missions.

Waggishly dubbed “Oleo”—for 
irbiting large engineering observa- 
rory—a t s  is also expected to pro- 
/ide design guides for military 
satellites. The applied technology 
Drogram will extend the state of 
he art, or will flight test for the 
irst time, equipment shown in the 
iccompanying box.

Goddard Space Flight Center in 
dreeribelt. Md., runs the a t s  project 
or the National Aeronautics and 
ipace Administration. Hughes is 
luilding the spacecraft and con­
flicts the main communications 
experiments. GE is the prime con- 
ractor for the gravity-gradient sta- 
lilization systems going into three 
if the five satellites.

By the end of 1966, $114.8 mil- 
ion, excluding the cost of the im- 
iroved Atlas Agena launch vehicles,

will have been spent on the a t s  

program by n a s a . Of this total, $66 
million is for the spacecraft, $29.5 
million for experiments and $19.3 
million for three ground stations 
and their operation.

Hughes is building three versions 
of the a t s : a  spin-stabilized, syn­
chronous-orbit model; a  medium

altitude orbit, gravity-gradient sta­
bilized craft; and a synchronous- 
orbit, gravity-gradient stabilized 
satellite.
I. Pacific station

The spin-stabilized a t s - b  will go 
up on Dec. 6 from Cape Kennedy, 
Fla. It will take two weeks for the 
satellite to reach its final location,

a stationary orbit over the Pacific 
Ocean, east of the Christmas 
Islands. Before it gets there, com­
munications tests will begin and the 
first photograph of the entire earth 
made from a spacecraft will be 
taken on Dec. 8. Three ground fa­
cilities will conduct a t s  tests: an 
85-foot antenna station at Rosman,

N.C., a 40-footer at Mojave, Calif, 
and a transportable, 40-foot ground 
station near Toowomba, Australia.

Each of the five satellites will 
carry two microwave transponders, 
primarily for redundancy, which 
can run separate experiments simul­
taneously. The transponders carry 
a pair of Hughes-built traveling- 
wave tube final-power amplifiers,

Firsts on ATS series
Electronically despun antenna, developed by Hughes Aircraft 

Co. ( a t s - b )

Mechanically despun antenna, developed by Sylvania Electric 
Products, Inc.’s Electronic Systems Division ( a t s - c )

Three-axis gravity gradient stabilization system, developed by 
General Electric Co.’s Missile and Space Division ( a t s - a , d  and e )  

Multiple access into a satellite by several ground stations simul­
taneously, developed by Hughes (all five satellites)

Very-high-frequency communications relayed by a satellite from 
aircraft in flight to ground stations, transponders built by Hughes 
( a t s - b  and c )

Television originating from a spacecraft transmitted in real time 
to ground stations ( a t s - a , d  and e )

Spin-scan television system that uses the satellite spin for hori­
zontal line scan, built by Hughes’ Santa Barbara Research Center 
for a University of Wisconsin experiment ( a t s - b  )

Computer-directed acquisition and real time processing and 
reduction of experimental data from a satellite. Equipment devel­
oped by Westinghouse Electric Corp.
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. . . A dozen ground stations will transmit 
simultaneously into one satellite . . .

each able to deliver 4 watts of 
radio-frequency power to the an­
tenna. Frequencies will be in the 6 
gigahertz band for the uplink and 
4 Ghz for spacecraft-to-ground 
transmissions.

The transponders will operate in 
three different modes: multiple ac­
cess with frequency-division single 
sideband transmissions accepted 
and retransmitted as a single phase- 
modulated carrier; wideband fre­
quency-modulated transmissions 
received, converted to an intermedi­
ate frequency, amplified, translated 
to the downlink r-f carrier fre­
quency and retransmitted; and 
transmitting wideband spacecraft 
sensor data to ground stations.

The frequency translation mode 
is designed primarily for television 
or such other wideband applica­
tions as high-speed data transmis­
sion in which one ground trans­
mitter takes over the complete 
channel. Wideband circuitry is used 
throughout the signal chain to fur­
nish a 25-Mhz usable band.

II. Color television experiments

Color television relay experiments 
are expected to begin shortly after 
a t s - b  reaches its station. A wide­
band 10-kilowatt f-m transmitter 
will be used for the uplink. Color 
transmission will go only to the 
Rosman station since Mojave’s and 
Toowoomba’s smaller antennas are 
only feasible for black-and-white 
experiments.

N um ber please. The multiple ac­
cess experiment will be the first 
real demonstration of a “telephone 
switchboard” technique that is vital 
for any communications satellite 
operating simultaneously with more 
than two ground stations. With the 
a t s  system, more than a thousand 
telephone-quality channels can be 
handled, says Robert H. Pickard, 
a t s  spacecraft manager at n a s a . 

About a dozen ground stations 
would be able to transmit simul­
taneously into the a t s  equipment.

For the a t s  experiments, Rosman 
is the only a t s  ground station that 
has sufficient gain to utilize the full 
multiple-access mode bandwidth of 
600 duplex voice channels (1,200 
total). The two 40-foot stations can 
handle up to 120 duplex or 240

channel operations. An automatic 
level controlled 1- to 4-kilowatt sin­
gle sideband ground transmitter 
sends up the frequency-division 
multiplex channels using a 5.6-Mhz 
base bandwidth. The system utilizes 
narrow bandwidth by going single 
sideband, where just the carrier is 
transmitted, a t s  amplifies linearly 
in the intermediate frequency. 
“There are no cross modulation 
products to foul things up,” Pickard 
says.

The a t s  satellite transponder 
converts the signals into phase 
modulation of a single carrier. The 
composite 25-Mhz-wide signal is 
received by all ground stations, 
each demultiplexing the p-m signal 
to receive the channels in which it 
is interested. In a t s  tests, the three 
ground stations will load the base 
band.

With this multiple-access ap­
proach, small and large stations 
alike can work together through 
a t s  as long as everyone keeps his 
link narrow.

Keeping the ground stations on 
their frequencies is a real problem 
in frequency-division multiple ac­
cess. Stations must transmit pre­
cisely on frequency. But crystals 
do drift, so there has to be a cor­
rection put in the system, Pickard 
says. Thus, one master station con­
tinuously transmits a side tone that 
all ground stations lock onto.

The medium altitude a t s - a  will 
also check on how the doppler shift 
affects the a t s  multiple-access 
scheme. This phenomenon, how­
ever, will prevent any satellite but 
a stationary orbit craft from pro­
viding multiple access, some engi­
neers maintain.

III. Vhf experiments

The two spin-stabilized Applica­
tions Technology Satellites called 
b  and c—will carry a very high 
frequency transponder for several 
experiments. The active frequency 
translation repeater will receive at 
149.22 Mhz and transmit at 135.60 
Mhz, without changing the modula­
tion. These frequencies were se­
lected to make maximum use of 
existing hardware. The a t s  trans­
mitter puts a total of 40 watts of 
r-f power into the antenna. Mini­

mum bandwidth is 90 kilohertz.
The results of the test involving 

the vhf transponder will determine 
the feasibility of employing satel­
lites to relay communications be­
tween aircraft and ground stations.

IV. Despirming the spin

New microwave antennas will 
make their first flight tests aboard 
the a t s  series.

The first gravity-gradient satel­
lite, a t s - a , will carry standard mi­
crowave directional horns for trans­
mitting to earth but subsequent 
gravity-gradient synchronous space­
craft will carry planar arrays. An 
eight-element, vhf-phased array will 
also be flown in the spin-stabilized 
satellites. The control signals to 
form and despin the vhf-phased ar­
ray beam will come from the elec­
tronics used to control the despun 
microwave-phased array. Gain of 
the vhf despun antenna will be 
about 8.5 decibels.

The solution to the problem of 
focusing most of the radiated power 
of a satellite antenna toward earth, 
rather than dissipating it in space, 
could be one of the most impor­
tant rewards of a t s  experiments. 
Proponents of both gravity-gradient 
stabilization and despun antennas 
on spin-stabilized satellites are pre­
dicting vindication for their ap­
proach. But many engineers feel 
there will be room for both tech­
niques on future satellites—pro­
vided they can prove their opera­
tional feasibility.

If gravity-gradient stabilization 
works, it will be another competitor 
of the despun antenna, one n a s a  

engineer predicts, not a replace­
ment. a t s - b  will be the first flight 
demonstration for an electronically 
despun antenna—which generates 
the antenna pattern with no mov­
ing parts.

Reverse spin. The system devel­
oped by Hughes produces a coni­
cal-shaped beam which is rotated 
electronically at a speed equal to 
the spin of the satellite. It operates 
in reverse so it will cancel out the 
satellite spin. The r-f energy is fed 
into a power divider where it is 
split into eight equal amplitude 
signals to drive the eight ferrite 
r-f power shifters. The array is 
made up of 16 collinear stacks of 
linearly polarized radiators ar­
ranged in a circle around the satel­
lite spin axis.
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Spidery vhf antennas are part of the equipment to be tested on Applications 
Technology Satellite-B, the firs t of five satellites.

The beam is despun by control- 
ing the phase-shifter drive currents. 
The pancake-shaped beam which 
:hrows energy in all directions in 
i single plane wastes most of the 
•-f power. Only 5% or 10% of the 
3nergy reaches the earth. The 
Tughes despun antenna still has a 
rack lobe, but it is 10 decibels less 
ban the front lobe. Total losses in 
he antenna system, including loss 
n the power splitters and the pat- 
ern gain of the antenna, run about 
1 db, Pickard says. It focuses about 
10% of the twt power on earth, 
md has a gain of about 15 db.

The mechanically despun an- 
enna due to go on a t s - c  has a total 
rower loss of only 2 db due to the 
dimination of the power splitter.

But the trade off here is mechanical 
reliability—the bearings required 
to despin the antenna could freeze 
in space. This antenna, being built 
by Sylvania, puts over half of the 
satellite’s power on the earth. The 
antenna does not require as much 
weight or power as the electron­
ically despun unit, but its moving 
parts make it difficult to assure long 
life. The antenna is being designed 
for a minimum life of one year, 
but NASA is hoping for a five-year 
span. Including drive-motor elec­
tronics, the antenna weighs nine 
pounds. Its parabolic antenna is 
illuminated by receiving and trans­
mitting radiators mounted on the 
spin axis of the spacecraft. A step­
ping motor drives the antenna at a

rate synchronous with the space­
craft spin rate, but in the opposite 
direction to despin the beam. An­
tenna gain is about 17 db.

The medium altitude gravity- 
gradient system horns will provide 
a gain of 10 db, lower because of 
the 45° beam width needed to cover 
the entire earth at the 6,000 mile 
altitude. The horns will be on both 
sides of the satellite because of 
experiments planned to invert the 
satellite to simulate perturbations 
and measure how long it takes the 
damping system to stabilize the sat­
ellite. The planar arrays on the d  

and e  synchronous-altitude models 
will be located on only one side 
of the satellite and will provide a 
16-db gain.
V. Taking a look at the weather

The first pictures from a synchro­
nous orbit will be taken by a t s - b  

with a new camera system that uses 
the satellite spin to provide hori­
zontal line scan. Space television 
systems now operating counteract 
satellite spin with complex despin­
ning or image motion techniques.

Hughes’ Santa Barbara Research 
Center has developed a new me­
chanical scan camera which is sim­
pler and more reliable than existing 
systems. Hughes says that it has 
scan stability, wide coverage and 
high resolution, and can be adapted 
for infrared. A 5-inch Cassegrain- 
type reflecting telescope passes 
light through a .001-inch pinhole 
aperture onto a photomultiplier 
light detector tube.

Since the satellite is spinning at 
100 revolutions per minute, the 
camera scans 100 horizontal lines 
each minute. The pivot-mounted 
telescope tube is stepped vertically 
by a sun sensor which generates 
a signal to switch on a motor mo­
mentarily to index the camera down 
to the next scan line. Scanning a 
line 2.2 miles wide on earth, the 
system is expected to produce an 
earth picture showing details as 
small as two miles. The camera 
takes 20 minutes to scan its 2,000- 
line picture, which is transmitted 
to earth stations by the a t s  micro- 
wave transmitter.

VI. Pointing with gravity

Making the satellite a stable plat­
form with a gravity-gradient sys­
tem takes advantage of the fact 
that a long object in space will
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mark it well
This is a new sign of leadership in the electronics industry.
And part of an old story, too. For when commercial radio broadcasting was making 
its first feeble sounds over 40 years ago, General Instrument Corporation was 
already being heard from. Even in those days, G I was a principal designer and 
manufacturer of quality electronic components for the industry.

Today, virtually every kind of electronic equipment operating on earth, flying around 
it, or beneath its seas contains General Instrument designed and manufactured 
component parts. But in an industry that has only now really begun to exercise its 
full potential, leadership demands even more... It demands the ability not only to keep 
abreast of change, but constantly to initiate it. And GI is doing just that.

For example, we are today pioneering a revolutionary new concept in microcircuit 
technology (M OS) which is already beginning to change the shape of electronic 
things to come.

O ur new mark is for the years ahead...a time that will be marked by change as it has 
never been before. W e hope that those who know General Instrument and those 
who will come to know us will also come to recognize our mark. For we intend it to 
represent a company constantly in the forefront of change... constantly making its 
mark of leadership on the electronic future.

G E N E R A L  I N S T R U M E N T  C O R P O R A T I O N  • 6 5  E O U V E R N E U R  S T R E E T ,  N E W A R K ,  N E W  J E R S E Y
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Applications Technology Satellite-B is being demagnetized at Goddard Space Flight Center in preparation fo r launch Dec. 6. 
The spacecraft and others in ATS series will have major impa ct on engineering design for future satellites.

align itself vertically with the earth. 
This is due to the gravity gradient, 
or the point at which the gravita­
tional attraction decreases with dis- 
stance from earth. This method of 
stabilizing the satellite excites en­
gineers because it would permit 
the use of conventional parabolic 
or directional antennas to focus a 
pencil beam on the earth.

But more information is needed 
as to how such systems perform in 
space, particularly at higher alti­
tudes where the pull of gravity is 
much weaker. The Navy has effec­
tively used two-axis stabilization 
in its low 500-600 mile orbit naviga­
tion satellite. But only one test has 
been made at near-synchronous 
altitude—General Electric Co.’s 
axis gravity-gradient test satellite 
for the Air Force.

Goddard engineers wanted to 
launch the medium altitude, or
6,000 mile orbit, gravity-gradient 
stabilized a t s - a  first so that they 
could verify their calculations for 
the high-altitude system. They 
could then extrapolate their data

to design the synchronous altitude 
gravity-gradient system for the 
a t s - d  and a t s - e  spacecraft.

Design departure. However, the 
gravity-gradient stabilization sys­
tem confronted project engineers 
with the biggest stumbling block 
so far in the program. A thermal 
problem necessitated a complete 
structural redesign of the three 
gravity-gradient satellites. This ma­
jor slip caused n a s a  to move the 
first spin-stabilized satellite, the b 
craft, ahead of a t s - a , which was 
previously scheduled for first 
launch. It won’t go up until mid- 
April 1967 at the earliest.

The redesign problem was in the 
solar cell power system. The side 
of a satellite which does not rotate 
or spin is exposed to solar radiation 
for long periods while the other 
side is continuously radiating in 
space. The unequal heating pro­
duces temperature ranges that ad­
versely affect solar cell conversion 
efficiencies.

The solar cells in the original a t s  

gravity-gradient design, however,

would have been subjected to a 
temperature range of minus 200° 
to plus 300° F, according to God­
dard ground tests—a swing that 
would have drastically reduced the 
power output.

The unexpected wider tempera­
ture ranges were due to the insu­
lated electronics compartment on 
which the cells were mounted. It 
didn’t permit the sun-exposed cells 
to get rid of enough of their heat, 
or the shaded cells to pick up suf­
ficient heat from the spacecraft. 
This large temperature swing could 
not be tolerated. Hence, redesign.

New packages. Electronics were 
repackaged in a two-foot high, 
eight-foot diameter center unit. 
Two-foot high hollow cylinders 
were added on each side of the 
center equipment unit to mount the 
solar cells. The heat from the sun- 
exposed cells now radiates across 
the open cylinder to the cold side. 
This reduces the temperature swing 
to a range of minus 70-80° to plus 
130-150° F.

Even so, it will take 33,000 n-on-p
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Applications Technology Satellite program
Space- Launch date Orbit Stabilization Weight in

craft Orbit
ATS-B Dec. 6, 1966 Synchronous Spin 790 Lb.
ATS-A Mid-April 1967 6,000 mile Gravity gradient 702 Lb.
ATS-C November 1967 Synchronous Spin 790 Lb.
ATS-D May 1968 Synchronous Gravity gradient 670 Lb.
ATS-E September 1968 Synchronous Gravity gradient 670 Lb.

solar cells on the gravity-gradient 
bird—50% more than the 22,000 
cells on the spinning satellites. Both 
power systems will generate about 
150 watts. But the ats power bud­
get is set at a maximum of 125 
watts. Above this, Pickard notes, 
“the peak temperature will go out 
of spec.”

To take advantage of the gravity 
gradient to stabilize the satellite, 
long booms will be carried that will 
unreel after the spacecraft gets into 
orbit. Four booms in the shape of an 
X extend from the spacecraft cylin­
der. Goddard engineers settled on 
100-foot long booms with 2.5-pound 
tip weights for the medium altitude 
system and 125-foot length and 
eight-pound tip weights for the 
synchronous version. A 90-foot 
damper rod coupled to the satel­
lite through a damping unit re­
duces satellite oscillation.

T ight tolerances. The primary 
booms and the damping rod are 
made of spring tape which is rolled 
flat on a drum for storage. When 
extended in orbit, they will assume 
a tubular shape. This boom, devel­
oped for ats by de Havilland Air­
craft of Canada, Ltd., has had 
to meet rigid specifications. In 
straightness, for example, the tip of 
the boom cannot be outside a 1.5- 
foot cone that is in a direct line 
from the other end of the 100-foot 
boom. The booms are “having a lit­
tle difficulty meeting this require­
ment,” one nasa engineer admits. 
The booms are the only components 
of the 132-pound gravity-gradient 
stabilization system not yet deliv­
ered for ats-a , he notes.

The de Havilland metal tape 
booms are also experiencing so 
much difficulty in another area— 
thermal bending—that the West- 
inghouse Electric Corp. is develop­
ing an improved tape boom for 
the ats-e . When exposed to the 
solar heating, the tape boom builds 
up a high temperature gradient 
from the sun-exposed side to the 
cold side which causes temporary 
bending. The bending increases the 
instability of the system. By per­
forating the metal tape and coating 
the inside of the tube with a reflec­
tive material, Westinghouse has 
given its boom the capacity to pass 
the radiation through the exposed 
surface and out the other side of 
the tube, thereby equalizing the 
temperature difference that causes

the bending. Even so, ats gravity 
gradient experiment manager, An­
thony H. Sabelhous, expects that 
the ats booms will probably un­
dergo three-foot thermal bends at 
least part of the time.

The medium altitude gravity-
gradient system is expected to pro­
vide a pointing accuracy of 2.7°
in pitch, 1.4° in roll and about 4.6° 
in yaw, he says. The synchronous 
system, in the worst case mode 
when the satellite is stationkeeping 
( small engines exerting a tiny
thrust), is expected to have an ac­
curacy of 4.8° in pitch, 3° in roll 
and 14° in yaw—the axis most af­
fected by stationkeeping.

To damp the gravity-gradient 
system’s oscillations, Goddard engi­
neers chose passive magnetic sys­
tems—a hysteresis-type developed 
by TRW, Inc., and an eddy-current 
version by GE. Each damper can be 
used separately for evaluation 
against the other. The GE model 
sets up eddy currents in the mate­
rial to get rid of energy, and the 
TRW unit reverses the dipoles in 
the material to take the energy out. 
Both units consist of a disk of 
highly conductive material with 
magnets on the top and bottom of 
the disk.

VII. Nonscanning i-r sensor out

A new type of infrared sensor, 
which did not have the conven­
tional mechanism and which had 
no moving parts, was to have gone 
on the ats gravity-gradient system 
to help determine satellite orienta­
tion. But TRW Systems which de­
veloped the earth sensor, could not 
deliver flight hardware, according 
to a nasa spokesman.

A conventional, two-axis scanning 
i-r earth sensor, built by the Ameri­
can Standard Corp. and similar to 
the one used on the Orbiting Geo­
physical Observatory series, will be 
installed instead on ats-a. The 
scanning sensor will measure the

horizon’s location only and will not 
effect the accuracy of the stabiliza­
tion since it is not locked into the 
system. A sun sensor built by GE 
will also furnish satellite altitude 
data.

Two television cameras, conven­
tional 525-line units built by Lear 
Siegler, Inc., will be flown on ats-a 
to view the ends of the gravity- 
gradient booms to determine how 
much bending is caused by the 
solar-induced thermal gradients 
and thermal shocks when the space­
craft enters or leaves the earth’s 
shadow. The cameras may also be 
used as a back-up system to the 
earth and sun sensors to generate 
attitude data. The camera’s 30 pic- 
tures-a-second transmissions will 
be sent back to earth stations in 
real time—the first instantaneous tv 
picture from space.

VIII.  Ion engine misses ATS-B

One subsequently scrubbed ex­
periment scheduled for the first 
ats launch was a 10-micropound 
ion thrustor system being devel­
oped at Lewis Research Center, 
Cleveland, Ohio. But Lewis 
couldn’t deliver the flight model 
system on time and the engine has 
been tentatively scheduled for the 
ats-c that will be launched late 
next year. The contact ionization 
engine weighs about six pounds 
and uses 15 watts of power. With 
the experimental duty cycle plan­
ned, the propellant will last about 
three years. This is to be nasa’s 
first orbital flight test of electric 
propulsion. The change in spin 
speed of the satellite after the en­
gine is fired would have been meas­
ured to evaluate the engine for 
such future applications as satellite 
stationkeeping.

Flying instead on the ats-b is an 
ion engine competitor—a resistojet 
thruster built by Goddard. It is 
essentially a gas nozzle which adds 
heat to the gas from a resistive
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h e a te r , th e re b y  in c re a s in g  th e  sys­
te m ’s specific  im p u lse  a n d  re d u c ­
in g  gas co n su m p tio n . T h e  tin y  
th ru s te r  p u ts  o u t a  to ta l  o f 1 m illi- 
p o u n d  of th ru s t  fro m  its tw o  n o z ­
zles.

ats-b w ill a lso  c a r ry  a  n u ta tio n  
sensor to  m e a su re  th e  w o b b le  a b o u t 
its sp in  axis. T h is  w o b b le  m u s t b e  
k e p t to  a  m in im u m  in  a sp in -s ta b il­
iz e d  sa te llite  if th e  sp in -sc a n  c lo u d  
cover cam era  a n d  th e  d e sp u n  a n ­
te n n a s  a re  to  b e  u se d  effectively . 
A lso on b o a rd  n e x t m o n th ’s la u n c h  
w ill b e  a sc ien tific  p a c k a g e  of seven  
d iffe ren t e x p e rim e n ts  th a t  w ill 
m e a su re  th e  o rb ita l  e n v iro n m e n t of 
th e  sa te llite  a n d  d e te rm in e  th e  e f­
fec ts  of th is  e n v iro n m e n t o n  th e  
sa te llite .

IX. Real-time processing
T h e  m o u n ta in s  of m a n u a lly  ac ­

q u ire d  te s t d a ta  h a v e  b e e n  o n e  of 
th e  b ig g e s t p ro b le m s in  c o m m u n i­
ca tio n s ex p erim en ts  c o n d u c te d  w ith  
p rev io u s  sa te llite  system s. T h e  re ­
c o rd in g  a n d  re d u c tio n  of th is  d a ta  
p ro v e d  to  b e  tim e  co n su m in g , r e ­
su ltin g  in  d e la y e d  e v a lu a tio n  a n d  
ana ly sis .

W e s tin g h o u se  h a s  d e v e lo p e d  an d  
b u il t  a  system  fo r  a u to m a tic  a c q u i­
sition , re a l-tim e  p ro c e ss in g  a n d  re ­
d u c tio n  of d a ta  fo r m ic ro w a v e  ex­
p e rim e n ts  on  ats-b. A cco rd in g ly , 
e ach  ats g ro u n d  s ta tio n  w ill h av e  
a  co m m u n ica tio n s  te s t a n d  e v a lu a ­
tio n  conso le a n d  d a ta  p ro c e ss in g  
sy stem  w h ich , u n d e r  th e  c o n tro l of 
a  s to re d  p ro g ram , a b so rb s  th e  te s t 
d a ta , re d u ces  th e  q u a n ti ty  a n d  p e r ­
fo rm s rea l-tim e  c o m p u ta tio n s  to  
y ie ld  system  p a ra m e te rs  in  e n g i­
n e e r in g  un its . T h is  w ill c u t th e  
tim e  n e e d e d  fo r c o n d u c tin g  th e  
m ic ro w av e  e x p e rim e n t a n d  a llow  
m o re  tim e  fo r o th e r  ats-b e x p e ri­
m en ts. T h e  m ic ro w a v e  ex p e rim en ts  
w ill re q u ire  o n ly  a n  a v e ra g e  of 
fo u r o n e -h o u r p e rio d s  of sp a c e c ra f t  
tim e  a day.

C u rre n t  p lan s ca ll fo r a n  in itia l 
d a ta  analysis r e p o r t  75 days a fte r  
la u n c h  w ith  re p o rts  fo llo w in g  a t 
30 d ay  in te rv a ls . T h is  m e a n s  e v e ry ­
th in g  fro m  d a ta  a c q u is itio n , th ro u g h  
d a ta  an a ly sis  a n d  d o c u m e n ta tio n  
m u s t b e  done  in  o ne  m o n th . In  th e  
p a s t, d a ta  sy s tem s fo r s im ila r p ro ­
g ram s hav e  re q u ire d  tu rn -a ro u n d  
tim es  “ in  th e  o rd e r  o f y e a r s ”  b e ­
fo re  i t  w as p o ss ib le  to  p u b lish  
m e a n in g fu l e x p e r im e n ta l re su lts , 
W e s tin g h o u se  says.
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get a power supply 

designed to furnish the
EXACT CURRENT  

& VOLTAGE 
you need for that 

beautiful system you 
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Formerly Perkin Electronics Corp. & Power Instruments Corp.

d e l i v e r e d  To provide your electronic power package,
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Select Cal-Power. Our power supplies are riding in space, 
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automatic checkouts, keeping production lines humming. 
Precision power packages — from m illiwatts to megawatts — 
standard lab supplies or custom-packaged to f it your specific 
requirements. Whether it ’ s a 28-volt dc bench supply or an 
exotic multiple-output power package, we can design, develop 
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R ussell W. M cFall, p res iden t, describes th e  changes ta k in g  place a t W estern  U n ion .

Companies

The message from Western Union
Delivered enthusiastically by engineer-president Russell McFall, it concerns 

a national information utility that may revitalize the century-old organization

By Paul A. Dickson
S ta ff w r ite r

In the dark corridors a n d  w h e e z in g  
e le v a to rs  of W e s te rn  U n io n ’s p e n i­
te n tia ry -s ty le , re d -b r ic k  h e a d q u a r ­
te rs  in  lo w e r M a n h a tta n , se rio u s 
y o u n g  m e n  in  sh ir ts le e v e s  sp e a k  of 
h a rd w a re  d e liv e ry  d a te s , d e b u g ­
g ing , in fo rm a tio n  re triev a l, tim e ­
sh a r in g  a n d  P h ase -1  com ple tion .

T h e se  e a g e r e n g in e e rs  a n d  te c h ­
n ic ia n s— a fa r  c ry  from  th e  em ­
p lo y ee  w h o  a w k w a rd ly  d e liv e red  
th e  s in g in g  te le g ra m — are  p a r t  of 
th e  n e w  W e s te rn  U n io n  T e le g ra p h  
Co. w h o se  g u id in g  sp ir it  is 45-year- 
o ld  e n g in e e r-p re s id e n t R u sse ll W . 
M cF all. A  la rg e  m a n  w ith  a  crew - 
cu t, M c F a ll sp e a k s  of h is  com ­
p a n y ’s fu tu re  w ith  th e  o p tim ism  
a n d  d e te rm in a tio n  of a fo o tb a ll 
co ach  w h o se  team , a f te r  a lo n g  lo s ­
in g  s treak , is s ta r t in g  to  w in  som e 
gam es.

I. Germ of an idea
In  h is  sp a c io u s  office, s e a te d  b e ­

n e a th  p h o to g ra p h s  of L y n d o n  B. 
Jo h n so n  a n d  H u b e r t  H u m p h re y , 
M c F a ll re c a lle d  h is  first d ay s w ith  
W e s te rn  U nion . H e  jo in ed  th e  co r­
p o ra tio n  in  1963, sm ack  in  th e  
m id d le  o f h e a r in g s  b y  th e  F e d e ra l 
C o m m u n ic a tio n s  C o m m iss io n  on 
th e  ta riff  r a te s  a n d  ra te  s tru c tu re s

of W e s te rn  U nion  an d  th e  Bell 
S y stem . M cF a ll’s a rd u o u s  a s s ig n ­
m e n t w a s  to s tu d y  th e  m o u n ta in s  of 
te s tim o n y  an d  d o cu m en ts  th a t th e  
in v e s tig a tio n  p ro d u ced . H e  says it 
w a s  w h ile  re a d in g  a b o u t h is  c o m ­
p a n y ’s p ro b lem s th a t  h e  re a liz e d  
th e  n e e d  to “p in p o in t the  nex t cycle  
in  c o m m u n ica tio n s .”

M c F a ll w as conv inced  th a t  th e  
a n sw e r  lay  in  a sy stem  th a t  w o u ld  
su p p ly  custo m ers  w ith  in fo rm atio n  
— q u ick ly , efficiently  an d  in e x p e n ­
sively . W e s te rn  U n io n  h a d  a lre a d y  
e n te re d  th e  co m p u te r field in  p a r t ­
n e rs h ip  w ith  th e  D e p a r tm e n t of 
D e fe n se  an d  M cF all s ta r te d  th in k ­
in g  of a w ay  to  link  th e  W e s te rn  
U n io n  com m unica tions system  w ith  
c o m p u te rs  to  form  a n a tio n a l in fo r­
m a tio n  u tility .

M c F a ll sees b o th  n a tio n a l a n d  
re g io n a l com petito rs  fo r the  in fo r­
m a tio n  u tility  b u t  to  h im  c o m p e ti­
tio n  in  th is  e x p an d in g  a rea  w h e re  
th e re  is room  for everybody , “ is a 
v o te  of confidence sh o w in g  us w e ’re  
g o in g  in  the  r ig h t d irec tio n .”

T h e  n a tio n a l in fo rm atio n  u tility , 
a lre a d y  in  o p e ra tio n  on a lim ite d  
b a s is , is n o t th e  only  ob jec tive  of 
th e  n e w  W e ste rn  U nion. I t  has  e m ­
b a rk e d  on a  la rg e-sca le  p ro g ra m  of

s u p p ly in g  cu s to m -ta ilo re d  d a ta  sy s­
te m s  a n d  it  is w o rk in g  on th e  full 
in te g ra tio n  of its n a tio n w id e  p u b lic  
m e ssa g e  re la y  n e tw o rk  w ith  th e  
d ire c t-d ia l T elex  (T e le p rin te r  E x ­
c h a n g e ) to  fo rm  a sin g le  c o m p u te r  
o p e ra te d  sy stem .

Western Union ‘boys’. M cF all, 
w h o  h o ld s  a  d eg ree  in  e lec trica l e n ­
g in e e rin g  from  th e  U n iv e rs ity  of 
M a ry la n d , h e a d e d  G e n e ra l E le c ­
tr ic ’s 3 ,500 m an  b a llis tic  m issile  
p ro g ra m . As vice p re s id e n t o f L i t­
to n  In d u s tr ie s , Inc . a n d  g en e ra l 
m a n a g e r  o f its R ad co m  d iv is io n  h e  
w a s  re sp o n s ib le  fo r ra d ia tio n  a n d  
co m m u n ic a tio n  e q u ip m e n t. U n d e r­
s ta n d a b ly , M cF a ll tu rn s  to  to p  e n ­
g in e e rs  to  g e t h is  p ro g ra m s ro lling . 
A m o n g  th e m  are  tw o  o p e ra tin g  v ice  
p re s id e n ts :  R o b e rt W . H o d g e rs  Jr., 
45, in  ch a rg e  of d a ta  p ro c e ss in g  
a n d  P e te r  J. S chenk , 46, in  c h a rg e  
of g o v e rn m e n t sy s tem s. B efo re  
co m in g  to  W e s te rn  U nion , H o d g e rs  
h a d  b e e n  m a n a g in g  en g in e e r fo r 
G E ’s X -ray  d e p a r tm e n t; S ch en k  
h a d  b e e n  execu tive  v ice  p re s id e n t 
o f th e  M itre  C orp.

“ T h e  o p p o rtu n itie s  fo r th e  te c h ­
n ic ia n  a t  W e s te rn  U n io n  are  u n ­
lim ite d ,” says M cF a ll, so u n d in g  
like  a  re c ru ite r , “A s I ’ve sa id  b e -
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Honeywell introduces Hot Start 
in a new, low-cost Visicorder

Fast restart ends data loss due to momentary power failure!
No more waits for restarts after a 
power interruption w ith the new 
Honeywell 2106 Visicorder! This 
compact, low-cost direct recording 
oscillograph features Hot Start -  a 
new starting circuit which allows re­
sumption of recording with a mercury 
vapor lamp within 'A second after a 
momentary power failure. Tests can 
be resumed without losing irretriev­
able data and valuable time.
Like all Honeywell Visicorders, the 
new 2106 produces permanent, im­
mediately readable records of dynam­
ic data by means of ultraviolet light 
and sensitized recording paper. No 
inks, styli, vapors, chemicals, or de­
veloping solutions are used.
Feature for feature, no other oscillo­
graph in its price range offers the con­
venience and versatility of the 2106:

■ 1 2 recording channels; DC-13,000 
Hz response; 6" wide paper

■ Writing speed in excess of 50,000 
inches per second

■ 8 paper speeds from 0.4 to 80 
inches per second; fast, convenient 
pushbutton selection

■ Built-in 4-speed time line system; 
manually adjustable 
trace and grid in­
tensity controls on 
the 2106's front 
panel

■ Complete remote 
control capability: 
power; lamp start; 
paper drive; chart 
speed selection; 
time line interval 
selection; external 
time line drive

■ Optional Integral Latensifier avail­
able

■ Low profile -  just 8.5" high in 
bench cabinet; 8.75" high in rack 
mount

■ 120° thermostatically controlled 
magnet bank is a standard feature

For dynamic data applications that 
do not require the 
sophistication or 
capacity of larger 
Visicorder models, 
the new 2106 has 
no equal ! See 
your Honeywell 
Representative 
for a demonstra­
tion of the 2106, 
or mailthe coupon 
for comprehen­
sive lite ra tu re .

j H oneyw e ll, Test Instrum ents 
] D iv is ion
| Denver, Co lorado 80217

I Please send 2106 Visicorder 
I literature to :

[ Name___________________________ |

i Company___________________  j

i Address_________________________ i

i City________State________Zip

| D A T A  H A N DLING S Y S T E M S  j

| H o n e y w e l l  j
L------------------------------------------------ 1

HONEYWELL IS WORLDWIDE • Sates and servies offfCÊS Ûl âllpunetpaf Cities of the world, Manufacturing in Brazil, Canada, France, Germany, Japan, Mexico, Netherlands, United Kingdom, United States 
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Telex consoles like  these  are  in te g ra l pa rt o f tw o  new c o m p u te r co m m u n ica tio n s  sys tem s be ing  developed 
by W estern U n ion ; a n a tio na l in fo rm a tio n  u t il i ty  and an in teg ra ted  m essage ne tw ork  system .

fo re , w e  m a y  on ly  b e  lim ite d  b y  
ou r h u m a n  re so u rc e s .”

M c F a ll’s cow o rk ers  say  h e  se ts  
a p a c e  th a t  is to u g h  to  fo llow . H is  
w o rk d a y  b e g in s  a t  6:30 o r 7 :00  a n d  
h e  se ldom  leav es th e  office b e fo re  
5:30. H e  trav e ls  a f te r  office h o u rs  
a n d  sp lits  h is  tim e  b e tw e e n  W a s h ­
in g to n , th e  h o m e office “ w h e re  th ey  
k n o w  th e  p ro b le m s”  a n d  th e  field, 
“ w h e re  th e y  k n o w  th e  a n s w e rs .”

II. Information utility
O f th e  th re e  o b je c tiv e s  o f  th e  

n e w  W e s te rn  U n io n , th e  m o s t d r a ­
m a tic  a n d  re v o lu tio n a ry  is th e  in ­
fo rm a tio n  u tility . I t  is b a s e d  on  th e  
p re m ise  th a t  a n a tio n a l in fo rm a tio n  
n e tw o rk  can  b e  m a d e  a v a ila b le  to  
th o u sa n d s  of cu s to m e rs  on  a re a l­
tim e  on-line  b a s is . C u s to m e rs  w ho  
co u ld  n ev e r a ffo rd  th e ir  o w n  n a ­
tio n a l n e tw o rk  w o u ld  b e  a b le  to  
p lu g  in to  th e  u tility . In  a sp e e c h  to  
th e  C o lu m b ia  U n iv e rs ity  G ra d u a te  
Schoo l o f B u sin ess , M c F a ll c a su a lly  
c o m p a re d  h is in fo rm a tio n  n e tw o rk  
to  th e  u tilitie s  o f gas  a n d  e lec tric ity .

Best customer. T h e  ra p id  d e v e l­
o p m e n t o f th e  u til i ty  is in  p a r t  d ue  
to  W e s te rn  U n io n ’s a b ility  to  b o r ­
ro w  from  th e  o th e r  o b jec tiv es  an d  
ac tiv itie s  o f th e  co m p an y . M c F a ll 
o b se rv es , “ T h e  b a c k b o n e  o f th e  
u til i ty  sy s tem  h a d  to  b e  p u t  in  to  
h a n d le  o u r o w n  m e ssa g e  b u s in e s s  
— w e  a re  o u r ow n  b e s t  c u s to m e r .”

H e  goes on to  p o in t o u t th a t  th e  
T elex , w h ic h  is p a r t  o f th e  in te ­
g ra te d  m e ssa g e  sy s tem , h a s  p u t

20,000 in p u t/o u tp u t  dev ices in 
p la c e  fo r th e  u tility  ne tw ork . D e ­
v e lo p in g  d a ta  sy stem s fo r th e  g o v ­
e rn m e n t an d  o th e r la rg e  cu s to m ers  
h a s  g iven  v a lu ab le  ex p erience  fo r 
th e  u tility  system .

On-line. W e ste rn  U n io n ’s affili­
a te , pics (P e rso n n e l In fo rm a tio n  
C om m unica tions S y s te m ), a n d  L a w  
R esearch  Service Inc . a re  th e  first 
tw o  on-line custom ers of th e  u tility . 
E a c h  is a re la tiv e ly  sm all o p e ra tio n  
w h o se  ideas tak e  on n a tio n a l s ig ­
n ificance  b y  b e in g  lin k ed  to  th e  
system . A lthough  b o th  a re  in  th e ir  
in fan cy  th ey  h av e  th e  p o ten tia l of 
d ram a tic a lly  ch an g in g  resp ec tiv e ly  
th e  fields of p e rso n n e l re c ru itm e n t 
a n d  lega l research .

pics is a loca tion  service, o rie n te d  
to  eng ineers a n d  p ro fessional p e o ­
p le . I t  serves over 60 in d u strie s  a n d  
en lists  reg is tran ts  in  1,310 skills 
classifications. A n e s tim a ted  100.000 
p e o p le  w ill p a y  a d o lla r a  m o n th  to  
b e  lis ted  b y  th e  confiden tia l serv ice  
w ith in  th e  n ex t year. I t  w ill b e  
g iven  a ce rta in  a d v a n ta g e  over its 
com petito rs  as i t  w ill b e  sh o rtly  
lin k e d  w ith  T elex  a n d  th e  Bell Sys­
te m ’s te le p rin te r  twx. I t ’s c la im ed  
th a t  pics w ill b e  ab le  to  su p p ly  in ­
d u s try  w ith  in s tan tan eo u s  answ ers 
to  th e  m ost a rc a n e  qu estio n s— fo r 
exam ple , is th e re  a  fe rro -op tics m a n  
w h o  speaks W allo o n  a n d  has a  
se c re t c learance?

Legal system. L aw  R esearch  
S erv ice  Inc. is a sm all co m p an y  
w ith  a  g a rg a n tu a n  a p p e tite  fo r leg a l

re fe ren ces . I t  u ses v e rb a l “d e sc rip ­
to rs” p a ir e d  w ith  10-d ig it code  
n u m b e rs  to  save  law yers m an y  
h o u rs  o f a rd u o u s  d igg ing . D e sc rip ­
to rs  a n d  n u m b e rs  a re  lis ted  in  th e ­
sa u ri n o w  av a ila b le  fo r  14 sta tes 
a n d  17 a reas  of F e d e ra l  law . N ew  
s ta te s  a re  c u rre n tly  b e in g  a d d e d  a t 
th e  ra te  o f o ne  ev ery  tw o  w eeks 
a n d  th o se  a lre a d y  av a ilab le  a re  b e ­
in g  u p d a te d  ev e ry  10 days. P rev i­
ously , a staff o f law y ers  h a d  to  sort, 
c lassify  a n d  in d ex  ov er 2,000,000 
ru lin g s  fo r  th e  s ta te  o f Texas a lone.

T elex  gives in s ta n ta n e o u s  re ­
sponse, b u t  a th e sa u ru s  h o ld e r  w ith ­
o u t T elex  can  w rite  a  le tte r  or call 
th e  loca l W e s te rn  U n io n  o p e ra to r 
to  g e t h is p r in to u t. W ith  th esau ru s  
h o ld e rs  as fa r  a w a y  as Israe l th e  
p re s id e n t a n d  co fo u n d e r of L aw  
R esearch , E llias C. H oppenfelcl, is 
p ro u d  of h is n e w  co n c e p t a n d  talks 
of m a k in g  th e  system  in te rn a tio n a l.

“I t  in tro d u c e s  a  system  in to  the 
leg a l sy stem ” says H o p p e n fe ld  w ho  
sees “e q u a lity  o f leg a l re fe re n ce ” as 
so m e th in g  th a t  w ill b enefit th e  a t­
to rn ey , th e  ju ris t, th e  c lien t a n d  th e  
la w  itself.

Variety. M c F a ll’s co lleagues p o in t 
to  th e se  a p p lic a tio n s  as illu stra tio n s 
of th e  r ic h  v a r ie ty  of serv ices th e  
u til i ty  m a y  b e  c a lle d  on to  pe rfo rm . 
S m all ou tfits  a re  o ffered  a n a tio n a l 
o n -lin e  n e tw o rk  w ith  rea l-tim e  u se  
no  fu r th e r  re m o v e d  th a n  a  T elex  
conso le  o r th e  u b iq u ito u s  W e ste rn  
U n io n  o p e ra to r . P o te n tia l u sers  in ­
c lu d e  th o se  w h o  n o w  suffer th e  in -
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One of two Univac 4 1 8  co m p u te rs  in  W este rn  U n io n ’s f ir s t  C o m pu te r C en te r 
in New York. C enters are being opened in o th e r  m a jo r c ities.

d ig n itie s  o f o ff-line b a tc h  p ro cess­
in g  o r w h o  a re  l im ite d  g e o g ra p h ­
ically  b y  a  sy stem . P ro sa ic  o p e ra ­
tions a n d  se rv ices  lik e  in v en to ries , 
payro lls , h o te l  re se rv a tio n s  an d  
c re d it ra tin g s  m a y  b e  h a n d le d  b y  
th e  system . A p p lic a tio n s  a re  ex­
p e c te d  in  a re a s  like  ed u c a tio n , m e d ­
icine, sc ience , p o litic s  a n d  crim e 
d e tec tio n . U ltim a te ly , i t ’s ex p ec ted  
th a t  th e  g e n e ra l p u b lic  w ill b e  u sing  
th e  system  too. T h e  u ti l i ty  has  a l­
re a d y  sh o w n  th a t  i t  c a n  p e rfo rm  fo r 
a  cu s to m e r w ith  lim ite d  resou rces 
a n d  n e w  ideas.

III. Data systems
“W e s te rn  U n io n  w as on ce  in 

at&t’s p o sitio n ,” says M cF a ll som e­
w h a t w istfu lly . E v e n  th o u g h  his 
co m p an y  does n o t  h a v e  th is  ran k  
now , it’s no  m id g e t. I t  ran k s a b o u t 
280th  n a tio n a lly  in  c o rp o ra te  size, 
c u rre n tly  rece iv es  a b o u t $300 m il­
lion  in g ro ss  in co m e a n d  re lies  on 
m essage  traffic  a n d  a sso c ia ted  b u s i­
ness fo r m o st o f its incom e. N ew  
le a d e rsh ip  a n d  sp e n d in g  fo r m o d ­
e rn iza tio n  ($500  m illion  b e tw e e n  
1960-65) h a v e  m a d e  th e  su p p ly  of 
d a ta  system s a n o th e r  a re a  in  w h ich  
to  w a tc h  o u t fo r  W e s te rn  U nion .

A u to d in  ( a u to m a tic  d ig ita l n e t­
w o rk ) w as d e v e lo p e d  fo r th e  D e ­
p a r tm e n t o f D e fe n se  w ith  W e ste rn  
U nion  as th e  p r im e  c o n tra c to r. T h e  
n e tw o rk  is th e  w o rld ’s m o st a d ­
v a n c e d  d ig ita l  d a ta  system  a n d  is 
c u rre n tly  b e in g  e x p a n d e d  to  serve 
over 2,000 s ta tio n s  th ro u g h  n in e  
so lid  s ta te  sw itc h in g  cen te rs , ars 
(a d v a n c e d  re c o rd  sy s te m ) is b e in g  
b u ilt  b y  W e s te rn  U n io n  fo r  th e  c i­
v ilian  G e n e ra l S erv ices A d m in is tra ­
tion  a n d  w ill soon  se rv e  o v e r 1,600 
s ta tions in  550 c ities u s in g  b ro a d ­
b a n d  tran sm iss io n  fac ilitie s  c a p a b le  
of a c c o m m o d a tin g  te le p r in te r , fa c ­
sim ile, vo ice  a n d  h ig h -sp e e d  d a ta  
devices.

T h e  sy stem  h as  b e e n  d e s ig n e d  to  
ex p a n d  as v a rio u s  ag en c ies  jo in  th e  
n e tw o rk — B lu e  C ross is b e in g  jo ined  
to  ars to  fa c ili ta te  M e d ic a re  reco rd  
k eep ing .

Dedication. O th e r  such  sy stem s 
— M cF a ll calls th e m  “d e d ic a te d  
system s”— as c o n tra s te d  to  tim e ­
sh a rin g  system s w h ic h  a re  n o t  d e d ­
ic a te d  to  on e  cu s to m e r— a re  b e in g  
te s te d  a t  th e  re c e n tly  o p e n e d  C o m ­
p u te r  R ese a rc h  L a b o ra to ry  in  F a ir-  
law n , N .J. T h e  sta ff a t  th e  re se a rc h  
c e n te r  w ill e s ta b lish  system s u n d e r  
a “sing le  m a n a g e m e n t re sp o n s ib il­

ity ” co n c e p t b y  w h ich  W e s te rn  U n ­
ion  se lects e q u ip m e n t, p lan s , p ro ­
gram s, tests, p ro d u c e s  o p e ra tin g  
m anua ls , tra in s  th e  cu s to m er’s p e r ­
sonne l a n d  de livers a fu lly  fu n c tio n ­
in g  system .

S uch  ex ac ting  p re p a ra tio n  of sys­
tem s b y  th e  ce n te r  is e x p e c te d  to  
in su re  u sers  th a t  th e y  w o n ’t  h a v e  to  
go th ro u g h  th e  costly  “shake  d o w n s” 
u su a lly  a sso c ia ted  w ith  n e w  in s ta l­
lations.

T h e  “live te s tin g ” is c o n d u c te d  b y  
ov er 200 specia lists, five U n iv ac  
418’s, tw o  C o n tro l D a ta  C orp . 
8090’s, tw o  of H o n ey w e ll’s d ig ita l 
d a ta  p rocesso rs, a  H o n ey w e ll H -200 
a n d  a  Scientific D a ta  S ystem s 930. 
Q u a rte rs  h av e  b e e n  le a se d  in  tw o  
o th e r  locations a n d  it is c u rre n tly  
p la n n e d  to  m ove th e  co m b in e d  o p ­
e ra tio n  to  a  40-acre site  in  1967.

T h e  c e n te r  w ill te s t b o th  tim e ­
sh a rin g  a n d  d e d ic a te d  system s a n d  
w ill p la y  a  c e n tra l ro le  in  th e  fu tu re  
d e v e lo p m e n t of th e  in fo rm a tio n  
u tility .

IV. Relay system
T h e re  a re  o th e r expansion  p lan s  

afoot. “W e a re  w o rk in g  d ilig e n tly  
to  a c q u ire  twx,” says M cF all, r e ­
fe rrin g  to  th e  A m erican  T e le p h o n e  
an d  T e le g ra p h  Co. system  w h ic h  
com petes  w ith  Telex. T h e  a d d itio n  
of twx w o u ld  su b stan tia lly  e n la rg e  
b o th  th e  in te g ra te d  m essag e  n e t­
w ork  a n d  th e  in fo rm atio n  u tility .

O n  th e  g ro u n d  floor of W e s te rn  
U n io n ’s h e a d  office in  M a n h a tta n  is 
th e  first o f a  g ro u p  of In fo rm a tio n  
C o m p u te r  C en ters. T h e  N ew  Y ork

c e n te r  ho u ses tw o  U n iv ac  418 co m ­
p u te rs . O n e  is c o n tin u a lly  o n -lin e  
w ith  th e  seco n d  in  b a c k -u p  s ta tu s . 
T h e  c e n te r  c u rre n tly  serves 3 ,000 of 
th e  20,000 T e lex  su b sc rib e rs  as w ell 
as pic s  a n d  L a w  R e sea rch — co m ­
p a tib ly  se rv in g  tw o  ob jec tives.

Extras. T h e  c e n te r  g iv es th re e  
a u to m a tic  ex tras  fo r  T e lex  conso les 
in  n in e  e a s te rn  cities. B ook m e s­
sag es  ( m u ltip le  - a d d re sse e  m e s­
sa g e s )  can  b e  se n t s im u lta n e o u sly  
to  as m a n y  as 100 d e s ig n a te d  lo c a ­
tions. T e lex -to -T elex  m essag e  se rv ­
ice  a n d  d a ta  se rv ice  ( in c lu d in g  
s to r in g  a  m essag e  fo r a  b u sy  s ta tio n , 
th e n  fo rw a rd in g  it  w h e n  th e  c o n ­
so le  is f re e )  is n o w  offered , as is a 
T e le x - to - T w x  m essag e  a n d  d a ta  sys­
te m  fo r twx su b sc rib e rs .

In c re a s in g  th e se  serv ices to  in ­
c lu d e  a ll T e lex  su b sc rib e rs  a n d  th e  
e x p an sio n  of th e  in fo rm a tio n  u til i ty  
w ill com e w ith  m o re  cen te rs . T w o  
w ill o p e n  soon  in  C h icag o  a n d  S an  
F ra n c isc o  a n d  c e n te rs  in  A tla n ta  
a n d  D a lla s  a re  s c h e d u le d  fo r  la te  
1967.

Melodygram. A nd  w h a t o f th e  
te le g ra m  itse lf?  T h e  o ld  y e llo w  fo rm  
is in  a  d iv e rse  s ta b le  th e se  d ay s  
a lo n g  w ith  th e  C a n d y g ra m , th e  C i- 
g a rg ra m , th e  D o lly g ram , a  flow er 
se rv ice , a  w a k e -u p  serv ice  a n d  th e  
la te s t, th e  M elo d y g ram . T h e  M e l­
o d y g ra m  is a te le g ra m  w ith  a  re ­
c o rd in g  in s id e  fe a tu r in g  a  v a r ie ty  
o f se lec tio n s su n g  b y  a  s to n e c u tte r  
fro m  P ittsfie ld , M ass. T h e  title s  
ra n g e  fro m  “T h e  A n n iv e rsa ry  
W a ltz ” to  th e  u p b e a t  “I  W a n t  to  
C o m m u n ic a te  w ith  You.”

Electronics | November 28, 1966 131



NEW SIMPSON 7-INCH VTVM
MODEL 312 Immediate delivery from Electronic Distributor stock.

Extra W id e  Frequency Response. 40% Less C ircu it Loading Than C onventional V TV M s.
Here's a rundown on all the goodies Simpson has packed into this new VTVM. With its accessory probe, you 
can make measurements from 10 KC to 250 MC at ±1 db. With its 16 megohm (rather than 11) input resistance, 
you don't have to worry about circuit loading. Moreover, you can run your tests with a tracking error of less 
than 1%. And don't worry too much about meter burnout. There's a specially designed protection circuit. 
You can handle solid state testing easily and accurately because of the V2 -volt DC range. Accuracies are ±  3% 
(FS) on all AC and DC ranges. Resistance accuracy is ± 3 ° of arc. Model 312 has a big, easy-to-read 7-inch 
meter housed in a rugged phenolic case. Operating line voltage is 105/125 V, 50/60 cps. High $ 0  C O O  
voltage and RF probes available. See Bulletin 2074; copies sent on request. Model 312 price . . .
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RANGES: M a p
DC VOLTAGE: 0-0.5,1.5, 5,15, 50,150, 500,1500 (16 Megohms input impedance) M
AC VOLTAGE: (R.M.S.): 0-1.5,5,15, 50,150, 500,1500 (1 Megohm minimum input impedance)
AC VOLTAGE: (Peak to Peak): 0-4,14,40,140,400,1400,4000
RESISTANCE: RX1, RX10, RX100, RX1K, RX10K, RX100K, RX1M (10 ohm center)
FREQUENCY RESPONSE: ±3%  from 15 cps to 3 megacycles per second on all AC voltage
n R-F- Probe: 10KC to 250 MC ±  1 db.R.F. probe usable up to 40 volts rms.

S I M P S O N  E L E C T R I C  C O M P A N Y
5203 W. Kinzie Street, Chicago, III. 60644 • Phone: (312) EStebrook 9-1121
Representatives in Principal C itie s ..........  See Telephone Yellow Pages

Export Dept: 400 W. Madison St., Chicago, III. 60606 Cable, Amergaco 
In Canada: Bach-Simpson Ltd., London, Ontario

In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay

W O R L D ' S  L A R G E S T  M A N U F A C T U R E R  O F  E L E C T R O N I C  T E S T  E Q U I P M E N T

132 Circle 132 on reader service card Electronics j November 28, 1966



Can semiconductor firm s  
make a profit with arrays?

Will their business be invad­
ed by systems firms?

Will semiconductor firms be 
making standardized arrays 
or will users want custom de­
signs?

Fall Joint Computer Conference

Problems on a large scale
The same kind of anxiety raised when integrated circuits came on 
the scene is stirring in the industry now that large scale integration 
threatens to affect semiconductor manufacturers and systems producers

By Samuel Weber
S en io r ed ito r

Large arrays are coming 2. 
faster than expected . . .
They pose critical questions 3. 
for semiconductor firms.

With the paint h a rd ly  d ry  on  th e  
co lo rfu l conso les o f th e  th ird  g e n ­
e ra tio n  o f c o m p u te rs , sy s te m s  m a n ­
u fa c tu re rs  a n d  se m ic o n d u c to r  m a n ­
u fa c tu re rs  a re  c a s t in g  a  w a ry  eye 
on  th e  fo u rth  g e n e ra tio n , n o t  y e t 
sp a w n e d , b u t  a lre a d y  a  p ro b le m  
ch ild .

L a rg e  sca le  in te g ra tio n , o r  l si, 
w h ic h  p ro m ise s  to  c u t in te g ra te d  
c irc u it  co sts  b y  d ro p p in g  th e  p rice  
to  a  few  cen ts  p e r  g a te  fu n c tio n , is 
p ro d u c in g  u n c e r ta in ty , a n d  in  som e 
cases  tre p id a tio n , a b o u t w h a t w ill 
b e  th e  u ltim a te  im p a c t on  th e  sem i­
c o n d u c to r  in d u s try  a n d  its  b e s t  c u s­
to m ers , th e  c o m p u te r  m a n u fa c tu r ­
ers.

A t th e  F a ll Jo in t C o m p u te r  C o n ­
fe ren ce  in  S an  F ra n c isc o  e a rlie r  th is  
m o n th , som e of th e  o ld  b u g a b o o s  
a ro u se d  w h e n  in te g ra te d  c ircu its  
f irs t cam e on th e  sc e n e  h a v e  b e e n  
rev ived , a n d  a fe w  n e w  o n es th ro w n  
in. T h e se  inc lude :

■ W ith  c h e a p e r  a n d  m o re  com ­
p lex  c ircu its  on  a  s in g le  c h ip  can  
se m ic o n d u c to r  m a n u fa c tu re rs  m ake  
a  p rofit?

■ W ill sy s te m s  m a n u fa c tu re rs  ac ­

c e p t s ta n d a rd iz e d  a rra y s  o r w ill a r ­
ray s b e  so ld  on ly  on a custom  
b as is?

■ S ince th e  se m ic o n d u c to r  m a n u ­
fa c tu re rs  h av e  in te g ra te d  th e ir  
p ro d u c t u p  to  a  su b sy s te m  level, 
w o n ’t sy s tem s m a n u fa c tu re rs  b e  
te m p te d  to  m ove d o w n  in to  th e  
sem ico n d u c to r b u s in e ss?

W h a te v e r th e  u ltim a te  an sw e rs  to  
th e se  q u es tio n s  m ay  b e , a ll in te r ­
e s te d  p a r tie s  ag re e  th a t  b y  1970 
lsi w ill c h an g e  ra d ic a lly  th e  w ay  
co m p u te rs  a re  d e s ig n e d , a n d  will 
p ro fo u n d ly  affect th e  e le c tro n ic s  in ­
d u s try  in  w ays n o t y e t a n tic ip a te d .

I. Why LSI?

W h a t’s cau sin g  th e  u n c e r ta in ty  is 
th e  very  th in g  th a t is p ro v id in g  the  
m ajo r im p e tu s  to  lsi— a d riv e  to ­
w a rd  h ig h e r p e rfo rm a n c e  a t  low er 
costs. A lm ost ev ery o n e  ag re e s  th a t  
th e  p o te n tia l b en e fits  o f lsi—  
h ig h e r sp e e d  an d  g re a te r  re lia b ility  
— are  rea lizab le  in  th e  v e ry  n e a r  fu ­
tu re . lsi te ch n o lo g y  is m o v in g  so 
fa s t th a t  som e in d u s try  p e o p le  a re  
a lread y  re fe rr in g  to  co n v e n tio n a l in ­
te g ra te d  c ircu its  as  “ d is c re te  ic ’s ”

to  d iffe re n tia te  th e m  fro m  la rg e  
sca le  a rra y s . A rray s  can  so lve  tw o  
o f th e  fu n d a m e n ta l  p ro b le m s  th a t  
fa c e  sy s tem  d e s ig n e rs , as th e y  try  
to  p u sh  th e  sw itc h in g  tim e  o f c o m ­
p u te r  c irc u its  b e lo w  5 n a n o se c o n d s . 
A cco rd in g  to  R .L . P e tr itz , d ire c to r  
o f th e  se m ic o n d u c to r  re se a rc h  a n d  
d e v e lo p m e n t la b o ra to r ie s  a t  T ex as  
In s tru m e n ts  In c o rp o ra te d , a  1 -inch  
s lice  of s ilico n  co u ld  h o ld  40,000 
g a te s . T h is  k in d  o f d e n s ity  c o n s id ­
e ra b ly  e a se s  th e  p h a s in g  p ro b le m s  
th a t  o ccu r in o rd in a ry  in te g ra te d  
c irc u its  w h e re  c o m p o n e n ts  a re  re la ­
tive ly  fa r  a p a r t. F u r th e rm o re , th e  
p ro x im ity  of g a te s  o b v ia te s  th e  
n e e d  fo r lo w -im p e d a n c e  t ra n s m is ­
sion  lin es  to  in te rc o n n e c t th e m , 
th e re b y  re d u c in g  th e  fa lse  re flec ­
tio n s th a t  m ig h t occur.

Something for nothing. B u t a l­
th o u g h  th e s e  fe a tu re s  a re  a t tra c tiv e  
to  sy s te m  d e s ig n e rs , th e  re a l m o ti­
v a tio n  fo r  lsi is in  cost re d u c tio n . 
I t  w as th is  co s t re d u c tio n  th a t  
sp u rre d  th e  c h a n g e o v e r fro m  d is ­
c re te  tra n s is to rs  to  in te g ra te d  c ir ­
cu its , a c c o rd in g  to  R o b e rt N . N oyce , 
g ro u p  v ice  p re s id e n t o f F a irc h ild
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. . .  the future electronics industry may be 
made up of four or five major suppliers. . .

C a m e ra  & In s tru m e n t C o rp . H e  b e ­
lieves th a t, a ssu m in g  rea so n a b le  
y ie lds a n d  so p h is tic a te d  e n g in e e r­
ing , lsi co u ld  fu r th e r  slash  costs p e r  
g a te  b y  a  fa c to r  o f 10. N oyce  says, 
so m e w h a t w ry ly , th a t  “w ith  lsi w e 
a re  g iv ing  th e  system s p e o p le  m ore 
a n d  m o re  fo r less a n d  less, u n til 
e v e n tu a lly  w e  w ill w in d  u p  g iv ing  
th em  e v e ry th in g  fo r n o th in g .”

H o w ev er, th e  s itu a tio n  a p p e a rs  
to  b e  c lo u d e d  b y  th e  v e ry  com ­
p lex ity  of th e  la rg e  sca le  arrays. 
O .R . B aker, th e  S ignetics C o rp .’s 
v ice  p re s id e n t fo r p ro d u c t d e v e lo p ­
m e n t, says “R ig h t n o w  w e  can  p ro ­
d u c e  a rray s  w ith  m o re  com plex ity  
th a n  a n y o n e  know s w h a t to  do  w ith . 
I t ’s g o in g  to  ta k e  tim e  fo r  th e  sys­
tem s p e o p le  to  le a rn  h o w  to  m ake  
g o o d  u se  o f th e m .” B ak e r be lieves 
it  w ill b e  a t  le a s t th re e  y ears  befo re  
lsi w ill h a v e  a n y  b u sin ess  im pac t.

II. Solution to software
O n e  m a n  w h o  has d e fin ite  o p in ­

ions on  l si’s fu tu re  is L .C . H o b b s , 
o w n e r of a  c o n su ltin g  firm  in C o r­
o n a  D e l M ar, C alif. H o b b s  su g ­
g e s te d  a t  th e  c o n fe re n ce  th a t  th e  
econom ics of lsi m a y  p ro v id e  com ­
p u te r  m ak e rs  w ith  a w ay  to  re d u c e  
th e  la rg e  so ftw a re  costs a sso c ia ted  
w ith  c o m p u te r  system s. H e  be lieves 
th a t  lsi w ill p e rm it  c h e a p  c o m p u te r  
h a rd w a re  to  b e  b u il t  in to  th e  system  
to  p e rfo rm  som e of th e  fu n c tio n s 
n o w  in  th e  so ftw a re  d o m ain . H e  
o ffe red  th re e  a p p ro a c h e s  to  h a rd ­
w a re /  so f tw a re  t ra d e  offs: b u ild in g  
sp e c ia l-p u rp o se  co m p u te rs , d e s ig n ­
in g  d iffe re n t ty p es  of m a c h in e  la n ­
g u a g e  a n d  o rg a n iz a tio n , a n d  p ro ­
v id in g  a d d itio n a l h a rd w a re  fac ilities 
in  co n v e n tio n a l co m p u te rs .

In  a d d it io n  to  c u ttin g  costs, 
H o b b s  says, th e  t ra d e  off w o u ld  
sim p lify  th e  so ftw a re  p ro b lem s th a t 
h a v e  p la g u e d  th ird -g e n e ra tio n  com ­
p u te rs  [E le c tro n ic s , Ju ly  11, 1966, 
p . 129 a n d  A ug . 22, 1966, p . 149]. 
W ith  lo w -co st h a rd w a re , i t  m ig h t 
b e  fe a s ib le  to  d es ig n  a c o m p u te r  
w h o se  in te rn a l  m a c h in e  la n g u a g e  
w as F o r tra n , o r close to  it, a n d  th u s 
sh a rp ly  re d u c e  th e  d u tie s  of th e  
c o m p ile r o r ev en  e lim in a te  th e  com ­
p ile r  en tire ly .

Easier debugging. E v e n  in  con ­
v e n tio n a l m a ch in es , H o b b s  says,

“m a n y  fu n c tio n s  p re se n tly  h a n d le d  
b y  p ro g ra m e d  su b ro u tin es  can  b e  
im p le m e n te d  easily  b y  sp e c ia l-p u r­
p o se  log ic  in  a  s tra ig h tfo rw a rd  
m a n n e r .” H e  gave  as exam ples b i- 
n a ry -to -d e c im a l conversions, code  
conversions, co o rd in a te  conversions, 
fo rm a t con tro l, ta b le  look-up o p e ra ­
tions, sca lin g  a n d  such  m a th e m a ti­
ca l su b ro u tin e s  as sq u a re  roo t, 
tr ig o n o m e tric  func tions, m atrix  o p ­
e ra tio n s  a n d  th e  like.

H o b b s  also suggests th a t  th e  in ­
c re a se d  u se  of h a rd w a re  w ill m ake  
d e b u g g in g  easier. “N o one rea lly  
know s w h e th e r  a  la rg e  o p e ra tin g  
sy stem  ( th e  h o u sek eep in g  c o m p u te r  
s o f tw a re )  is co m p le te ly  w o rk ab le ,” 
h e  says. “T h e re  m a y  b e  b u r ie d  e r ­
rors. B u t it’s easy  to  check  o u t 
h a rd w a re .”

G o rd o n  M oore, d ire c to r  o f r e ­
se a rc h  fo r F a irc h ild  S em iconducto r, 
ag rees  th a t  lsi arrays w ill com ­
p le te ly  c h an g e  m a ch in e  o rg a n iz a ­
tio n  in  co m p u te r design , “lsi w ill 
b e  ev en  m ore  rev o lu tio n ary  th a n  
ic ’s”, M oore  says. O n e  of th e  first 
u ses w ill b e  in  m em ories. H e  su g ­
gests th a t  a rray s w ill b e  u se d  in  
m em o ries  of u p  to  1,000 b its  
( s c ra tc h p a d s )  re la tiv e ly  soon, a n d  
p e rh a p s  in  m ass m em ories som e­
w h a t la te r. H e  sa id  th a t  b e c au se  
se lec tio n  of d a ta  in  sem ico n d u c to r 
m em ories  can  b e  d one  b y  logic g a t­
ing , d riv e rs  a n d  sense  am plifiers a re  
e lim in a te d  a n d  th e re  is m u ch  less 
c irc u it  com plex ity  a ro u n d  th e  m e m ­
ory . H e  also be lieves th a t  th e re  w ill 
b e  a g re a t ro le  fo r lsi arrays in  te r ­
m in a l e q u ip m e n t such  as d isp lay  
con so les , w h e re  low -cost sem ico n ­
d u c to r  logic co u ld  b e  u sed  to  p ro ­
g ram  a n d  m a n ip u la te  d isplays.

Ilf. Custom vs standard
A n o th e r p ro b lem  th a t lsi is re su r­

re c tin g  is th e  q u es tio n  of s ta n d ­
a rd iz a tio n . F a irc h ild ’s N oyce a n d  
M o o re  b e liev e  th a t  in  o rd e r to  
re a liz e  a ll th e  p o te n tia l savings of 
la rg e  sca le  in te g ra tio n  som e s ta n d ­
a rd iz a tio n  w ill b e  necessary . N oyce 
p o in ts  o u t th a t  a lth o u g h  p ro d u c ­
tio n  costs fo r ic ’s h av e  b e e n  g rea tly  
re d u c e d , th e  s ta r t-u p  expense fo r 
th e  d esign  a n d  d ev e lo p m en t o f a 
cu s to m  c ircu it is ap p ro x im ate ly  
30%  o f th e  to ta l cost. H e  ho lds th a t

la rg e  sca le  in te g ra tio n  w ill b e  im ­
p o ss ib le  if  som e d e g re e  of s ta n d ­
a rd iz a tio n  d o esn ’t tak e  p lace  in  th e  
in d u s try . H e  su g g e s te d  a t th e  co m ­
p u te r  c o n fe re n ce  th a t  th is  co u ld  b e  
d o n e  b y  s ta n d a rd iz in g  on th e  b a s ic  
g a te , a n d  custom  d es ig n in g  th e  re s t 
o f th e  in te g ra te d  a rra y  to  th e  p a r ­
t ic u la r  re q u ire m e n t b y  vario u s in ­
te rc o n n e c tio n s .

B u t S ig n e tics’ B ak er scoffs a t  th e  
id e a . “T h e  co n c e p t o f s ta n d a rd iz in g  
on  a  b a s ic  ce ll design , w ith  c irc u it 
m a n u fa c tu re rs  m e re ly  co n n e c tin g  
th e m  d iffe ren tly  fo r th e ir  cu sto m ers  
ju s t d o e sn ’t  seem  co m p a tib le  w ith  
c o m p e titiv e  business  p ra c tic e  in  
o u r in d u s try ,” h e  says.

The mating game. P e tr itz  o f ti 
fee ls  th a t  s ta n d a rd iz a tio n  w ill p ro b ­
ab ly  ta k e  p la c e  on th e  fu n c tio n a l, 
r a th e r  th a n  th e  g a te  level. H e  p re ­
d ic ts  th a t  a lth o u g h  th e re  w ill b e  
c o n s id e ra b le  cu s to m  d e s ig n  w ork , 
p a r tic u la r ly  in  th e  ea rly  s ta g e s  of 
lsi te ch n o lo g y , th e re  w ill b e  an  ev en  
g re a te r  a c c e p ta n c e  of s ta n d a rd  
la rg e  sca le  a rray s th a n  of p re se n t 
d a y  ic ’s.

A b ro a d  v iew  of w h e re  lsi is ta k ­
in g  th e  e lec tron ics  in d u s try  is p ro ­
v id e d  b y  P e tr itz . H e  sees th e  fu tu re  
e lec tro n ic s  in d u s try  m a d e  u p  of 
fo u r  o r five m ajo r su p p lie rs  o f m a ­
te ria ls , in  th e  fo rm  of ic ’s a rray s  
a n d  dev ices, to  a m u ch  la rg e r  g ro u p  
of a p p lic a tio n s -o rie n te d  com p an ies , 
w h ic h  w ill in c o rp o ra te  th e  m a te ria ls  
in to  a b ro a d  sp e c tru m  of p ro d u c ts , 
m u c h  as th e  ch em ica l co m p an ies  
se rv ice  th e  g a rm e n t in d u s try  b y  
s u p p ly in g  a v a r ie ty  of tex tiles.

M e a n w h ile , H o b b s  b e lieves th a t  
i t  w ill b e  in te re s tin g  to  see  w h a t 
h a p p e n s  as th e  se m ico n d u c to r m a n ­
u fa c tu re rs  c o n tin u e  to  in te g ra te  u p ­
w a rd s , p e rfo rm in g  m ore  of th e  
fu n c tio n  of th e  system  b u ild e r  
“T h e re  m ig h t b e  a te n d e n c y ,” h e  
says, “fo r th e  system  b u ild e r  to  
m o v e  d o w n  in to  th e  se m ic o n d u c to r  
b u s in e ss .”

T o  th is, F a irc h ild ’s M oore  re ­
p lie s : “W ith  com plex  a rray s, i t  b e ­
com es ev en  m o re  econom ica lly  
p ro h ib itiv e  fo r th e  system  p e o p le  
to  b u ild  th e ir  ow n  c ircu its .”

H e  does n o t  fe e l th a t  th e  re d u c ­
tio n  in  cost p e r  g a te  p ro v id e s  a  
th r e a t  to  th e  se m ico n d u c to r p ro ­
d u c e r. “T h e  c h a llen g e  is to  th e  sys­
tem s m a n u fa c tu re r . O u r  job  is to  
m a k e  th e  p r ic e  of log ic  h a rd w a re  
so a t tra c tiv e  th a t  w e  s tim u la te  h im  
in to  fin d in g  n ew  w ays to  u se  it.”
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This stator costs less 
thanks to a more expensive insulation...

MYLAR®
P o u n d  fo r  p o u n d , M YLAR* po lyester film costs ju s t a little 
m ore  th a n  m ost o th e r  m ateria ls . B ut s ta to r  for- s ta to r, it 
costs less.

Motor Stators insulated with 71/2-mil. MYLAR compared with 
powdered-resin coating

Cost Per Pound 
Powdered 

MYLAR Resin

Two-Speed Washing Machine ($1.40) ($1.25) but
%  HP

General-Purpose, V i HP ($1.40) ($1.20) but
Two-Speed, General-Purpose ($1.40) ($1.20) but

y3 HP

Cost Per Stator 
Powdered 

MYLAR Resin

$0.07 $0.21

$0.04 $0.09 
$0.08 $0.13

T he  sam e is tru e  fo r  relays, b u s-b ars , ba llast transfo rm ers, 
step-sw itches, a n d  m any  o th e r  e lec trical/e lec tron ic  app li­
cations.

I t  is possib le  fo r  you , to o , to  low er you r in su la tio n  costs 
because less M Y LA R  is req u ired  fo r a  given in su la tion  
value. T he h ig h  cu t- th ro u g h  resistance  an d  lasting  dura-, 
b ility  o f  M Y LA R  enab les y o u  to  use th in n e r gauges.

W ith  th in n e r, flexible M Y LA R  y o u  can  rep lace  h eav ie r, 
b u lk ie r in su la tio n  m ate ria ls  such as ru b b e r, p a p e r  a n d  re s ­
ins. Y o u  ca n  save on  th e  w eight, size a n d  cost o f  y o u r  c o m ­
ponen ts.

M Y LA R has excellen t resistance to  m o st chem ica ls a n d  
m oistu re , an d  can  w ith s tan d  tem p era tu res  fro m  -6 0 °C . to  
+  150°C. In  ad d itio n , m an y  system s u sing  M Y LA R  as elec­
trica l in su la tio n  have received full U n d e rw rite rs ’ L a b o ra ­
to ry  a p p ro v a l fo r  C lass A  a n d  C lass B ap p lica tio n s.

F in d  o u t how  you  can  save costs a n d  im p ro v e  re liab ility . 
M ail the  c o u p o n  to d a y  f o ra  com plete  F a c t File o n  M Y LA R .
*Du Pont's registered trademark for its polyester film.

d p i)
■««-*.*. PAT. off-

MYLAR@

Du Pont Company, Room 3886C 
Wilmington, Delaware 19898 

I’d like to know more about MYLAR. Please 
send me a Fact File.

NAME_

COMPANY _

ADDRESS__

CITY______
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Step 1 is ON 
Step 2  is ON 
Step 3  is ON 
Step A is waiting.

One circuit overloads. 
All protectors trip open. 
All safe.

AIRPAX ELECTRONICS
i n c o r p o r a t e d

CAMBRIDGE DIVISION, CAMBRIDGE, MD.
(301) 228-4600

CIRCUIT PROTECTION 
and CIRCUIT CONTROL

by

AIRPAX ELECTRONICS

All steps are on 
and all functions 
are protected.

NINE-IN-LINE
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New Products

Antenna multicoupler feeds 24  channels
Carefully selected transistors, large amounts of feedback 
and solid state matching provide coupler with many firsts

A solid-state, 24-channel a n te n n a  
co u p le r h a s  w o n  m ilita ry  ap p ro v a l 
— in fac t, its  d e v e lo p e r c la im s it is 
th e  firs t su ch  co u p le r q u a lif ied  fo r 
m ilita ry  u se . D e s ig n e d  fo r A ir F o rc e  
g ro u n d  co m m u n ica tio n s  eq u ip m e n t, 
i t  is a lso  e x p e c te d  to  find  a p p lic a ­
tions a b o a rd  sh ip . F re q u e n c y  ra n g e  
is 2 to  30 m e g a h e rtz .

O th e r  im p ress iv e  firsts c la im ed  
fo r th e  u n it  b y  th e  m r c  d iv ision  of 
th e  C o n d u c tro n  C o rp ., A nn  A rbo r, 
M ich ., are:

■ All o f th e  s ta g e s  a re  d riv e n  b y  
a sing le  tw o -tra n s is to r  p ream p lifie r, 
e lim in a tin g  in te rs ta g e  m a tc h in g  
p ro b le m s of th e  c o n v en tio n a l m u lti­
p re a m p  d es ig n s .

■ I t  is th e  first such  u n it  th a t  
re d u c e s  in te rfe r in g  in te rm o d u la tio n  
p ro d u c ts  to  a t le a s t 60 d ec ib e ls  b e ­
low  th e  signal.

■ I t  does n o t u se  tra n sfo rm e rs  
fo r c o u p lin g  to  th e  rece iv ers . T h e re ­
fo re , it is less su sc e p tib le  to  rad io  
fre q u e n c y  in te rfe re n c e  a n d  a lso  
p ro v id es  ex ce llen t p h a se  a n d  a m p li­
tu d e  tra c k in g  b e tw e e n  ch an n e ls . 
E ach  of th e  24 o u tp u ts  w ill b e  
w ith in  0.5 d b  in  a m p litu d e  a n d  ± 2 °  
in  phase .

In  h ig h -fre q u e n c y  co m m u n ica ­
tions, d is tan ces  b e tw e e n  a tra n sm it­
te r  a n d  a re ce iv in g  s ta tio n  can  v a ry  
from  a fe w  m iles to  1,000 m iles or 
m ore . T h e  co u p le r  m u s t th e re fo re  
h a v e  h ig h  p o w e r h a n d lin g  c a p a ­
b ility  fo r n e a rb y  s ta tio n s w h ile  
m a in ta in in g  sen s itiv ity  fo r d is ta n t 
tran sm itte rs . W h e n  u se d  a b o a rd  a 
m a s te r  co m m u n ica tio n s  sh ip  in  a 
fleet, fo r in s ta n c e , th e  sam e a n te n n a  
m u s t re c e iv e  signals s im u ltan eo u sly  
from  m a n y  tra n sm itte rs .

T h e  m u ltic o u p le r’s sin g le  p re a m p  
can  h a n d le  m o re  p o w e r b e c a u se  th e  
tra n s is to rs  a re  m e d iu m  p o w e r u n its  
ra te d  a t  a b o u t 7 w a tts . Y et th e  n o ise  
figure is on ly  a b o u t 7.5 db . F u r ­
th e rm o re , th e  p re am p lifie r  w ith  an 
over-a ll g a in  of 8 d ec ib e ls , h a s  su f­
fic ien t p o w e r  to  fe e d  six d riv e r 
s tag es , e a c h  of w h ic h  in  tu rn , feed s

fo u r receivers. T h re e  fe e d b a c k  
p a th s  w ith in  th e  p re a m p lif ie r  s tages 
in su re  am p litu d e  lin e a rity  fro m  125 
d b  b e lo w  1 m illiw a tt to  a b o u t 10 
d b  above  1 m w.

W illiam  F ace , m a n a g e r of e n g i­
n e e rin g  a t  m r c , exp lains th a t  th e  
sin g le  p ream plifie r re p la c e s  p a ra lle l 
low  p o w e r u n its  n e e d e d  in  co n v e n ­
tio n a l m u ltico u p le rs . W ith  m u lt i­
co u p le r p ream p s, ve ry  ex ac t m a tc h ­
in g  p ro c e d u re s  are  re q u ire d  to  m in i­
m ize p h a se  sh ifts  a n d  a m p litu d e  
v aria tio n s  w h en  th e  ch a n n e ls  a re  
su m m ed  p rio r to  d is tr ib u tio n  to  th e  
receivers .

M u ltico u p le r d es ig n e rs  do  n o t 
n o rm ally  co n sid er m ed iu m  p o w e r 
tra n s is to rs  b e c a u se  th e y  g en e ra lly  
re su lt  in  h ig h  no ise  figu res, b u t  
m r c  d isco v ered  th a t  se le c te d  m e ­
d ium  p o w e r tra n s is to rs  co u ld  s im u l­
ta n eo u sly  p ro v id e  low  n o ise  a n d  
h ig h  p o w e r h a n d lin g  c ap ab ility .

T ra n s is to rs  are  a lso  u s e d  to 
m a tc h  th e  drivers to  th e  50-ohm  
o u tp u t. C o n v en tio n a l m u ltic o u p le rs  
g en e ra lly  u se  tra n sfo rm e r d iv id ers  
fo r th is  p u rp o se . W h e n  m a n y  o u t­

p u ts  a re  n e e d e d , th e  tra n s fo rm e rs  
a re  d ifficu lt to  m a tc h , p ro d u c e  
p h a s e  p ro b le m s a n d  h ig h  c ro ss ta lk  
leve ls, a n d  h a v e  low  iso la tio n  b e ­
tw e e n  o u tp u t c h an n e ls . T ra n s is to r  
m a tc h in g  av o id s th e se  p ro b le m s .

Specifications

Type
Frequency range 
Gain

Noise figure

Intermodulation dis­
tortion for two 
0.25-volt RMS 
signals

Phase tracking
Amplitude tracking
Radiation (isolation 

back to front)
Output-to-output

isolation
Gain reduction (over­

load)
VSWR input and 

output
Impedance, input 

and output
Operating tempera­

tures
Military spec

C-325-24 multicoupler 
2 to 30 Mhz 
2 db ±1 db at 2 to 30 

Mhz
6 db 2-10 Mhz
6.5 db 10-20 Mhz
7.5 db 20-30 Mhz

—56.5 db 2d order 
—60 db 3d order

±2 degrees max.
±0.5 db max.

52 db min.

40 db min.
2.5 db for 0.8 signal 

level

1.25:1 max.
50 ohms (nominal 

value)
0°C to +52°C 

MIL-E-4158C

MRC d iv is io n , C o nduc tron  C orp.,
3 475  P lym ou th  Road, Ann A rbo r, M ich . 
C irc le  3 5 0  on Reader Service Card

Electronics | November 28, 1966 139



New Components and HardwareNeed fast 
action on 
servo
amplifiers?
T ry  Butova f ir s t !  Chances are, we can 
so lve  y o u r p rob lem  b e tte r and fa s te r 
th a n  anyone  else, H ere ’s why:

1. We have th e  m o s t com p le te  line  o f 
Servo A m p lif ie rs  in th e  b u s in e s s -  
h u ndreds  o f s tanda rd  des igns to  so lve  
y o u r  p rob lem s! From  3 .5  to  4 0  w a tts  
o u tp u t pow er; 60  and 4 0 0  Hz.

2. Bu lova Servo A m p lif ie rs  are 
eng ineered  to  reduce the  n u m b e r o f 
com p o n e n ts , p ro duc ing  low  cost, h igh 
q u a lity , tro u b le -fre e  u n its . T h is  free s  
you to  con ce n tra te  on system s, ra th e r 
th a n  com ponen ts .

3 . H igh -dens ity  packag ing  
—down to  ju s t  0 .3  cu. in .! 
For exam ple , M odel 
S 21220101 : A 3 .5  w a tt 
Servo A m p lif ie r  w ith  ga ins  
o f up to  5 0 0 0 —in the  
sm a lle s t package o f its  

.ty p e  on th e  m arke t!

A n o th e r exam p le :
The  sm a lle s t package ever fo r  a s tab le  
so lid  s ta te  servo  a m p lif ie r  p roduc ing  
4 0  w a tts  o f o u tp u t power! Need a u n it 
fast to  p u t in to  a b readboard  o r 
p ro to type?  We can p robab ly  su p p ly  it, 
m e e tin g  m o s t m ilita ry  specs 
(M IL -E -5272 , M IL-E-5400, M IL -l-2 66 0 0 , 
e tc .)  Y ou ’ ll g e t assem b ly  by personne l 
tra in e d  and ce rtifie d  
by NASA, i f  desired.
Y o u ’ ll ge t a m p lifie rs  
b u ilt  fo r  10 ,000  
h o u rs  o f o p e ra tin g  
life ! And pe rhaps 
e q u a lly  im p o rta n t, 
y o u 'l l g e t th e  u n it 
yo u  need fast!

W rite  to d a y  fo r  yo u r free  copy o f ou r 
8 -page B u lle tin  No. 10, co n ta in in g  
co m p le te  sp e c ifica tio ns  and o rde rin g  
in fo rm a tio n . A lso ask a b o u t o u r 
R eso lver A m p lifie rs , D em odu la to rs , 
Q ua d ra tu re  R eject and AGC A m p lif ie rs . 
A ddress: Dept. E-24.

Try
Bulova First!
SERVO PRODUCTS
ELECTRONICS DIVISION 
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, (212) DE 5-6000

Superconductivity spells high fields

Interest in superconductive m a g ­
n e ts  h a s  b een  in c re a s in g  ra p id ly  
s in ce  th e  d isco v ery  in  1961 th a t  
n io b iu m -tin  keeps its  zero  re s is ­
ta n c e  in  h ig h  m a g n e tic  fields (its 
th e o re tic a l lim it is 200 k ilogauss). 
T h e  on ly  o th e r w ay  to  p ro d u c e  ex­
trem e ly  h igh  m ag n e tic  fields is w ith  
c o p p e r-co o led  m a g n e ts , w h ic h  re ­
q u ire  v a s t am o u n ts  o f p o w e r a n d  
coolan t.

In  lig h t of th is  in te re s t, the  R ad io  
C o rp . o f A m erica h as  ju m p e d  in to  
th e  m a rk e tin g  of h igh-fie ld  s u p e r­
co n d u c tiv e  m ag n e ts  w ith  th e  a n ­
n o u n c e m e n t b y  its S p ec ia l E le c ­
tro n ic s  C o m p o n en ts  d iv ision  of a 
line  of seven  s ta n d a rd iz e d  m a g n e ts . 
T h e  m ag n e ts  ra n g e  in s tre n g th  from  
60 to  125 k ilo g au ss, w ith  c lear 
b o res  from  1 to  3 in ch es in d ia m ­
eter. A lthough  th e  m a g n e ts  can  be  
u se d  in  m ate ria ls  ana ly sis , th e  p r i­
m ary  ap p lica tio n  w ill p ro b a b ly  be  
in  p h y sics  re sea rch ; se c o n d a ry  u se s  
a re  in h ig h -en erg y  p h y sics  a n d  
p la sm a  physics re sea rch .

M any  of th e  m ag n e ts  fo r h ig h - 
e n e rg y  a n d  p la sm a  ap p lica tio n s  w ill 
p ro b a b ly  be  custom  bu ilt. O ne  m a g ­
n e t u n d e r  co n stru c tio n  b y  rca has 
a 150-kilogauss field w ith  a 6 -inch- 
d ia m e te r  c lear bore. T h e  N a tio n a l 
A eronau tics  a n d  S pace A d m in is tra ­
tio n ’s L ew is R esearch  C e n te r  in

C le v e la n d  p la n s  to  u se  it in  p la sm a  
re se a rc h — to  s tu d y  th e  possib ility  
of p ro p e llin g  a sp a c e c ra ft w ith  such  
a  dev ice .

W h e th e r  s ta n d a rd  o r custom  d e ­
s igned , rca’s m a g n e ts  u se  a su p e r­
c o n d u c tiv e  r ib b o n  fo r th e  coils. A 
th in  la y e r  o f n io b iu m -tin  is v a p o r 
d e p o s ite d  on  a s ta in less-s tee l s trip  
w h ic h  is th e n  c o a te d  on b o th  sides 
w ith  c o p p e r  o r silver. A n in te rle a v ­
in g  ta p e  sa n d w ic h  of M yla r-co p p er- 
M y la r p ro v id e s  a sh u n t d u r in g  oc­
casio n a l flux surges.

Six of th e  c o m p a n y ’s seven  s ta n d ­
a rd  u n its  a re  so leno ids w ith  field 
lines a lo n g  th e  lo n g itu d in a l axis. 
P rices  ra n g e  from  $8,550 fo r a  50- 
k ilogauss m a g n e t w ith  a c lea r b o re  
o f 1.25 in ch es  to  $46,440 for a 
100-kilogauss u n it  w ith  a  3-inch 
b o re . T h e  se v e n th  u n it  consists of 
tw o  sp lit so leno ids w ith  field lines 
a lo n g  b o th  th e  ra d ia l  axis a n d  th e  
lo n g itu d in a l axis. I t  is d es ig n e d  for 
m a g n e to -o p tic a l ex p e rim en ts  w h e re  
access from  tw o  p o in ts  is d esirab le . 
T h e  u n it  h as  a r a te d  field  of 100 
k ilogauss, a 2 -inch  c le a r  b o re  a n d  a 
c le a r  w in d o w  g a p  of 1.2 inches. At 
$56,570, it is th e  m o s t expensive  in 
th e  line.

T h e  p rices  q u o te d  a re  fo r th e  
m a g n e ts  a lone . A uxiliary  co m p o ­
n en ts , su ch  as a  m a g n e t su p p o rt, a 
d e w a r  a n d  a p o w e r  su p p ly  are  
n e e d e d , a lo n g  w ith  liq u id  he lium . 
T h e  p o w e r  su p p ly  is th e  least costly  
e le m e n t— a 6-volt, 100-am p b a tte ry  
w ill suffice. F o r  tu rn in g  a m ag n e t 
on, rca is o ffering  a  $225 sw itch .

A lth o u g h  spec ifications h a v e  b een  
s t a n d a r d i z e d ,  d e m a n d  h a sn ’t 
re a c h e d  th e  p o in t w h e re  u n its  a re  
b e in g  in v e n to ried . D e liv e ry  tim e  
v a rie s  from  90 to  150 days.
Radio Corp. o f A m erica, Specia l Elec­
tro n ic  C om ponen ts  d iv is io n , H arrison , 
N.J. [3 5 1 ]

Proximity switch 

operates speedily

A m in ia tu re  p ro x im ity  sw itc h  w ith  
m e rc u ry -w e tte d  c o n ta c ts  h a s  b e e n
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, battle of the PNP

o u r T O - 5  P N P ' s  h a v e  s t a r t e d

=SS1 SI1 I1
From Silicon Transistor Corporation comes PNP Power Potential that has started 
a revolution. For the first time a family of TO-5 transistors rated at 8.75 watts. 
BVceo ratings range from 40 to 100 volts, saturation voltages as low as 0.3 V at 
1.0 Ampere. These types can be used as complements to Silicon Transistor Cor­
poration’s famous 2N2034 family of NPN TO-5’s.

hFE
ic =  1-0 A

hFE
IC =  .5ft

Vc e  (sat.)-Volts 
l c =  1.0 A

Vc e  (sat.)-Volts  
.0'5A NPN

Type T j-°C VCEO-Volts VEBO-V0ltS Vc e  =  2.0 V Vc e  =  2.0 V l B =  100 Ma I b  =  50  Ma COMPLEMENT

2 N 3 2 0 2

2N 3 2 0 3

2 N 3 2 0 4

200

200

200

4 0

60

80

10

10

10

2 0 - 6 0

2 0 - 6 0

2 0 - 6 0 . .

0.3

0.3

0.3

2N 2 0 3 4

2 N 2 8 5 8
2N 3 2 0 8

ooCS5 4 0 10 2 0 - 6 0 0 .4 -
2N 2881 2 0 0 60 10 20  -  60 0 .4 2N 2 0 3 3
2N 2 8 8 2 200 100 10 2 0 - 6 0 — 0 .4

Ip lii
lie .:«

: î : '

f t * # i

S IL IC O N
T R A N S I S T O R  ^
CORPORATION

» J
EAST GATE BLVD., GARDEN CITY, NEW YORK 11532 

(516) PIONEER 2-4100,

8
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Improved
capability

from

New Components

Analyze 
hard copy 
in seconds

N E W
CRT RECORDER

S Y S T E M
285

introduces a new level of high-fre­
quency pulse data analysis with 
permanent record in real-time / 
records at spot-image speeds high 
as 300,000 ips on 12-inch film or 
paper / resolution greater than 800- 
line pairs per 10-inch of recording 
media / solid state except for CRT 
and associated hi-voltage supply / 
visual monitoring of tube face / ex­
ceptionally accurate direct read­
out for such typical applications as:
■ Signal Analysis
■ Telemetry Signal Analysis
■ Slow-Scan Television Display
■ Coordinated Time-Base Display
■ Pulse-Rate/Pulse-Shape Analysis
« High-Frequency Vibration Analysis
■ Radar Data Visual Recording
■ Facsimile Video Recording

INTERSTATE
ELECTRONICS CORPORATION

/7IY\

Data Products Division 
707 East Vermont Avenue, Dept. DB-116 

Phone: (714) 772-2222 
Anaheim, California 92803

Regional Offices:
Atlanta, Georgia ■ Washington, D.C. 

Subsidiary of
Interstate Engineering Corporation

d e v e lo p ed . C h ie f a d v a n ta g e s  of th e  
sw itc h , says th e  m a n u fa c tu re r , a re  
re p e tit iv e  h ig h  fide lity , b o u n c e - 
fre e  m a k e -b reak  c irc u it sw itch in g , 
h ig h -sp e e d  o p e ra tio n , life  in to  th e  
b illio n s  of cycles, low  o p e ra tin g  
fo rce , m u ltip le  c ircu its , in se n s itiv ­
ity  to  a m b ie n t co n d itio n s, a n d  re ­
s is ta n c e  to  v ib ra tio n  a n d  g load.

T h e  sw itch  is r a te d  fo r a 250 
v o lt-a m p e re  lo ad  in  a sp a c e  of 
0.273 cu  in. p e r c ircu it. I t  w e ig h s 
less th a n  0.6 oz p e r  c irc u it an d  
w ill o p e ra te  a t  3 ,600 cycles p e r  
m in u te  w ith  a  re sp o n se  tim e  of 
0.001 sec. A sw itc h  m e a su rin g  
0.0625 cu  in. w ith  a w e ig h t of less 
th a n  0.2 oz p e r  c irc u it w ill b e  
av a ila b le  soon, as w ill la rg e r  
sw itc h e s  u tiliz in g  th e  m ercu ry - 
w e tte d  c o n ta c t p rin c ip le .

A ny  n u m b e r  of c ircu its  can  b e  
b u i l t  s id e -b y -s id e , lim ited  on ly  b y  
a 372  in. ce n te r- to -ce n te r  d is tan ce , 
th e  le n g th  of th e  m a g n e t, a n d  th e  
sp a c e  ava ilab le . In  a ty p ica l a p p li­
ca tio n  of th e  sw itch , th e re  are  
64 c irc u its  on a 14-in .-long m ag n e t. 
E a c h  sw itc h  is o p e ra b le  b y  a  key 
of a ty p e w rite r  or a se ries  o f cam s 
fo r d a ta  p ro c e ss in g  w ork , m a ch in e  
p ro g ra m in g  or co n tro l, a n d  s im ilar 
fu n c tio n s .
General Equipment & Manufacturing 
Co., 3300 Fern Valley Road, Louisville, 
Ky., 40213. [352]

Breadboard permits 

higher 1C densities

A  b re a d b o a rd  fo r in te g ra te d  c ir­
cu its  su b sy s te m s  w ill h o ld  as 
m a n y  as 16 14-p in  d u a l in -line  
p la s tic  p ack ag es . L itt le  or no  so l­
d e r in g  is re q u ire d , so d es ig n s  can  
b e  e v a lu a te d  w ith o u t d a m a g in g  in-
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P A P E R

The number of EL-MENCO capacitors 
in TV sets is truly amazing. This figure 
of 33 0 ,0 0 0 ,0 0 0  represents more than the 
total population of the following countries:

United States and Possessions 
United Kingdom and Canada 
Argentina Belgium 
Denmark Ecuador Chile

299,813,929 people (1960 Census)
Even with this tremendous mass production the quality of 
EL-MENCO capacitors has not suffered. Here’s a fine tribute of 
the high reliability of EL-MENCO capacitors from 
a leading TV manufacturer:

, I am certain that you are aware 
of the enthusiasm our Engineering and 
Quality people have displayed for 
this unit, for to us it represents the 
virtual elimination of capacitor field 
problems in the future

t i

Write dept. AE tor descriptive bulletin #MPD

HESE HIGH 
IN TV SETS SINCE 1959!

Imagine!
Over 330 million 

■MENCO Mylar- 
Dipped

Capacitors have

black and white 
and in color 
TV sets since 1959! 
These capacitors 
of the highest 
quality and 
reliability
help bring programs 
to millions of 
people who have 
invested in 
TV sets. . .  
and 330 million 
is just a drop 
in the bucket!
For the demand 
for EL-MENCO 
capacitors still 
far exceeds 
the supply!

e l e c t r oExclusive Supper lo J„bb,r, and q. , 1 L L I M A N T
ARCO e l e c t r o n ic s ,*;'’ , 1 ,he u- s■ and

great neck, I dri ve.

E lectron ics  / N o ve m b e r 2 8 , 1 9 6 6

Dipped M/CA molded micaSILVERED M/CA FILMS MICA TRIMMERS & PADDERS MYLAR* PAPER DIPPED PAPER DIPPED MYLAR* DIPPEDtubular paper
M O T I V E  M F C .  C O . ,  I N C .
1 c ,  C O N N E C T I C U Tc West Coast Manufacturers Contact:

COLLINS «  HYDE CO., 1020 CORPORATION WAV, PA IO  ALTO, CALIFORNIA
*3SO WHITTIER BOULEVARD, LOS ANGELES, CALIFORNIA

% Registered Trade Mark of DuPont Co.
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New ComponentsOur tests show this 
coaxial switch will wear out 

on July 17, 2010

at the very earliest.
W e ’v e  life - te s te d  th e s e  c o a x ia l sw itc h e s  to  w ell o v e r  15 m illio n  cyc les. 
T h a t ’s  e q u iv a le n t  to  a b o u t  45  y e a r s  o f fa ilu re -fre e  d u ty .  N o w  in  p ro d u c ­
t io n ,  th e s e  t r u e  r e e d - ty p e  c o a x ia l sw itc h e s*  acc o m p lish  sw itc h in g  w i th o u t  
m e c h a n ic a l  lin k a g e s  o r  sp rin g s . A n d  t h e y ’ll p ro v id e  p o s itiv e  a n d  c o n s is t­
e n t  c o n ta c t  in  e i th e r  p o s itio n , la tc h in g  o r  n o n la tc h in g . C o m p le te ly  field- 
te s te d  b y  in d u s t r y  a n d  g o v e rn m e n t  a g en c ie s . *pai. applied for

Specifications
Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . single-pole, double throw
Frequency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 to 3 gc.
V S W R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .1  to 1 gc, 1. 3 max. to 3 gc.
Insertion Loss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 25 db max. to 3 gc.
Cross-talk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 0  db min. to 1 gc, 25 db min. to 3 gc.
Im pedance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 ohm nominal
Pow er. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 watts CW
Operating T im e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15  milliseconds including contact bounce
L ife . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 million cycles minimum
Actuator V o ltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * * 2 6  DC
Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 milliamps maximum
Connectors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * * N  type female
W e ig h t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ounces maximum
**Other models available with different connectors and voltages.

F o r  c o m p le te  d a t a  o n  o u r  fu ll lin e  of m ic ro w a v e  c o m p o n e n ts  a n d  t e s t  
e q u ip m e n t ,  w r ite  fo r  o u r  c a ta lo g  1 -65 : M ic ro w a v e  D ev ices , In c .,  F a rm in g -  
to n  I n d u s t r ia l  P a r k ,  F a rm in g to n , C o n n e c tic u t .

P r o d u c ts  in c lu d e :  C irc u la to rs  a n d  I s o la to r s /D ire c t io n a l  C o u p le rs  a n d  
H y b r i d s / D u m m y  L o a d s  a n d  T e r m i n a t i o n s / R F  F i l t e r s  a n d  W a v e -  
m e te r s /R F  C o a x ia l S w itc h e s /T e s t  I n s t r u m e n ts / I n te g r a te d  D e v ic e s /  
A d a p to r s  a n d  T r a n s i t io n s /A t te n u a to r s /F r e q u e n c y  M u lt ip l ie r s /M in ia -  
t u r e  C o m p o n e n ts /P h a s e  S h if te rs

M icrow ave Devices, Inc.
S U B S I D I A R Y  O F

e ji(
C O R P O R A T I O N

L___ _________ A

d iv id u a l IC ’s. T h e  b re a d b o a rd s  
can  b e  in te rc o n n e c te d  fo r m ore  
com plex  sy s tem s.

D e s ig n a te d  X C 73, it co m p le ­
m e n ts  ea rlie r  b re a d b o a rd s  fo r 
T O -5  p a c k a g e s  w ith  u p  to  10 le a d s  
a n d  fla tp ack s  w ith  u p  to  14 lead s.

C o n tin u o u s  v o ltag e  p la n e s  on 
ea c h  s id e  o f th e  g o ld -p la te d  b o a rd  
p ro v id e  ev en  v o ltag e  d is tr ib u tio n  
a n d  re d u c e  s ig n a l c ro ss ta lk  w h en  
o p e ra tin g  a t  h ig h  f re q u e n c ie s— u p  
to  50 M hz. E le v e n  B N C  co n n ec to rs  
a n d  a 22-p in  e d g e  co n n e c to r  a re  
p ro v id e d  fo r a p p ly in g  in p u t an d  
o u tp u t s ignals . In te rc o n n e c tio n s  
b e tw e e n  IC ’s a re  m a d e  b y  in se r t­
in g  2 2 -gauge  w ire  in to  h ig h -re te n ­
tion  p in  jacks.

P rice  is $140 ea c h  in  q u a n titie s  
o f 25.
Motorola Semiconductor Products Inc., 
Box 955, Phoenix, Ariz., 85001. [353]

Single-turn pots 

occupy small space

S in g le -tu rn , p re c is io n , co n d u c tiv e  
p la s tic  p o te n tio m e te rs  a re  b e in g
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Report from

BELL
LABORATORIES A 3-D Glimpse

of the Hearing Process
THE MOVIE shows the basilar membrane as 
a “ stereo pair” of spiral lines. The sequential 
frames shown here represent the motion of 
the membrane responding to the sound “ oo” 
in the word “ too” as pronounced by R. C. 
Lummis, one of the scientists responsible 
for the film.

To view this illustration in 3-D, place a 
sheet of paper on edge between one stereo 
pair. Position your head so each eye sees only 
one image. The pictures should then seem to 
converge and appear three-dimensional.

For screen projection, polarized light and 
polarized eyeglasses are used to obtain a 
3-D image.

THE BASILAR MEMBRANE is a lengthwise 
partition in the spiral, fluid-filled cochlea 
(figure). Sound, from the eardrum by way 
of the hammer, anvil, and stirrup, produces 
vibrations in this membrane. The end nearest 
the stirrup resonates at the highest audible 
tones (approximately 20,000 Hz); the end 
near the apex of the spiral resonates at the 
lowest (approximately 20 Hz).

The cochlear nerve terminates near the 
membrane and, by sensing the vibration at 
each point, converts the mechanical motion 
into nerve impulses which the brain perceives 
as a sound.

Because of its filtering and analytical func­
tions the basilar membrane is a center of 
interest in hearing research. Since it is em­
bedded in the skull, direct study is extremely 
difficult.

At Bell Telephone Laboratories, basic 
research in voice communications 
does not end with telephone equip­
ment. For instance, three scientists 
here have made a stereoscopic motion 
picture showing how the ear’s prin­
cipal transducer—the basilar mem­
brane-moves in response to sound.

A number of steps were involved: 
First, equations describing the mem­
brane’s response were converted to 
digital form, suitable for machine 
computation. Next, a program was 
devised so a computer could deter­
mine the precise motion of each point 
on the membrane as a function of any 
complex sound input. Finally, the 
resulting data were processed with 
another program which introduced 
the parallax effects inherent in binoc­
ular vision.

The output was a series of pairs of 
stereoscopic images. The computer 
drew these on the face of a cathode- 
ray tube where they were automat­
ically photographed to form the frames 
of the movie.

In this film, the membrane's move­
ments (actually microscopic) are 
greatly enlarged and slowed down for 
detailed examinations. Thus we have 
developed a promising tool for the 
study of hearing. For example, movies 
made in this way could help us eval­
uate theories of the basilar mem­
brane's role in converting sound to 
nerve impulses. (Several complex 
mathematical relationships have been 
proposed; now we may see them in 
simulated action and measure their 
properties.)

The scientists who made this film 
are Robert C. Lummis, A. Michael 
Noll, and Man Mohan Sondhi. The 
membrane-response equations from 
which they began were originated by 
James L. Flanagan, also of Bell 
Laboratories. His work was based on 
anatomical measurements made by 
Nobel laureate Georg von Bekesy of 
the University of Hawaii.

Bell Telephone Laboratories
Research and Development Unit of the Bell System
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Designed
f o r

Adaptation

$255. -O Low in itial cost

■O Easily modified controls

O  5" PDA tube

Light weight

-O High quality 
basic instrument

Here is the practical oscilloscope fo r special applications— Data Instruments 
S51. This scope is designed fo r m odifica tion both physically and e lectrically 
and has a history o f success in large volum e OEM equipments as w ell as 
single installations. Versions o f the S51 are currently perform ing w ith  unusual 
success in medical applications fo r w hich new sensitivities were installed and 
controls were ta ilored to the habits o f the personnel using them. The S51 is 
also used as orig inal equipm ent in consoles o f standard data handling and 
process contro l systems and has gained w ide  acceptance fo r use on assembly 
line testing and fo r educational purposes. The features that make the S51 
particu la rly  suitable fo r adaptation are: (a) The low  initial cost o f the instru­
ment— $255. (b) The large sophisticated CRT, w hich is capable o f handling a 
broad range o f requirements w ith o u t additional circuitry, (c) The open con­
struction w h ich  simplifies the physical problems o f m odification, (d) Its ex­
trem ely ligh t w e igh t (16 lbs). And (e) the high quality and performance o f the 
basic instrum ent. Its specifications are:

VERTICAL AMPLIFIER
BAN D W ID TH SENSITIVITY/CM ATTENUATOR IMPEDANCE ACCURACY

D C -3M H z 100mv to 50v 9 position 1MS2 +  30pf ± 5 %
TIME BASE CRT PHYSICAL

SPEED/CM
TRIGGER & 
HOR. AMP. DIA. PHOSPHOR VOLTS DIM . & WT.

1/is-0.1sec. 
(6 ranges)

Exp. x 2 
5Hz-200KHz

5" PDA P1, P7 3.5kv 1 5 /2"x8 "x7 " 
16 lbs

Data Instruments maintains a staff o f engineers experienced in special installa­
tions. If you have an unusual requirem ent fo r an oscilloscope, the chances 
are the S51 can be m od ified to do the job.

Data Instruments Division •  7300 Crescent Blvd. • Pennsauken, N.J. 08110

New Components

m a d e  fo r a p p lic a tio n s  w h e re  a 
n u m b e r  of d iffe ren t p o t fu n c tio n s  
m u s t b e  g a n g e d  on one sh a f t in  
m in im u m  space. Botli lin e a r  an d  
n o n lin e a r  fu n c tio n s  a re  ava ilab le , 
a n d  sw itch  co n tac ts  can  b e  m o ld ed  
in to  th e  e lem en ts  as re q u ired .

A  sin g le -cu p  W a fe rp o t is only  
0.680 in. d eep , an d  each  a d d itio n a l 
c u p  a d d s  on ly  0.200 in. in  d e p th .

S ta n d a rd  W a fe rp o ts  a re  a v a il­
a b le  in  fo u r d iam e te rs : %  in., 
l tV  in., IfV  in., a n d  2 in. O th e r  
d ia m e te rs  a n d  sp ec ia l fo rm  fac to rs  
can  b e  a c co m m o d a ted .

R e so lu tio n  is e sse n tia lly  in fin ite , 
a n d  life  is 50 m illion  rev o lu tio n s. 
S lope  ra tio s  as h ig h  as 50:1 can  
b e  p ro v id ed .
New Enqland Instrument Co., Kendall 
Lane, Natick, Mass., 01760. [354]

Industrial relay 
operates at —25° to 85 C

A su b m in ia tu re  1 am p , d p d t  re lay  
fe a tu re s  0.1-in. p in  sp ac in g . M odel 
3118, w h ic h  m e asu res  .26 x .53 x 
.43 in., h a s  a p ic k u p  sen s itiv ity  of 
200 m w  m axim um  a n d  an  o p e r­
a tin g  te m p e ra tu re  ra n g e  of — 25° 
to  85°C  in an  u n se a le d , h ig h -te m ­
p e ra tu re , p la s tic  e n c lo su re . T h e  
ra n g e  of coil re s is ta n c e  is 60 to  
1,200 ohm s.

T h o u g h  an  in d u s tr ia l  u n it, the  
re lay  m ee ts  th e  en v iro n m e n ta l co n ­
d itio n s  of M IL -R -5757D , a p p lic a b le  
to  an  u n se a le d  u n it, a n d  fe a tu re s  a 
b a la n c e d  a rm a tu re  d e s ig n  (50g 
shock , 10g v ib ra tio n ). I t  w e ig h s  
.075 oz.

C o n ta c t m a te ria l o f g o ld -p la te d  
se m ip rec io u s  m e ta l, h ig h ly  r e s is t­
a n t to  a rc in g  a n d  film  fo rm a tio n ,
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No other RF transistors 
can offer this 
performance
at these prices!

RCA Type 2N4259 2N3933 2N3932 2N3478

M in. Power 
Gain @ 45 0  MHz 11 .5  dB - - —

Max. NF 
@ 4 5 0  MHz

5 dB — — —

M in. Power 
Gain @ 200  MHz — 14 dB 11 .5  dB 11.5  dB

Max. NF 
@ 20 0  MHz — 4 .0  dB 4 .5  dB 4 .5  dB

NF
@ 6 0  MHz — 3 dB max. 2 .5  dB typ . 2 .5  dB  typ .

Max.
Ccb 0 .55  pF 0 .55  pF 0 .5 5  pF 0 .7 0  pF

H f e 6 0 -2 5 0 60-200 4 0 -1 5 0 2 5 -150

<
!

 
° 

P
o

3 0 30 20 15

PT @ 25°C  
A m b ie n t 2 0 0  mW 200  mW 2 0 0  mW 20 0  mW

P rice * $ 1 .6 0 $ 1 .40 $ 1 .2 5 $ 1 .15

:;:ln quantities of 1,000 and up.

ACTUAL SIZE

RCA covers the communications spectrum from 27 
MHz to 500 MHz. Every type available for immedi­
ate delivery in production quantities. These silicon 
epitaxial planar transistors for V H F  and U H F  
communications are packaged in hermetically 
sealed 4-lead m etal cases. Check the noise figure 
and the power g a in . . .  then check the price! You 
get top performance, top value, and immediate

d e live ry  in  p ro d u ctio n  q u a n titie s —a u n iq u e  
combination that no other commercially-avail- 
able R F  transistor can offer! For complete infor­
mation, pricing, and delivery, call your R C A  
Fie ld  Representative. For technical data sheet, 
w rite: R C A  Commercial Engineering, Section 
EN11-4, Harrison, N. J. 07029.
SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
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New Components

p ro v id e s  a n  o p e ra tin g  life  o f 100,- 
000 cycles. E n v iro n m e n ta l p e rfo rm ­
ance  is m o n ito re d  b y  th e  m a n u fa c ­
tu re r ’s co n tin u o u s  re lia b ility  assu r­
an ce  te s t p ro g ra m .

P rice  is $6 e ach  in  q u a n titie s  of 
100 to  249. D e liv e ry  is s to ck  to  
th re e  w eeks.
Bourns, Inc., Trimpot division, 1200 
Columbia Ave., Riverside, Calif., 92507. 
[355]

Tiny reed relay 

operates on 15 mw

A  m ic ro m in ia tu re  re e d  re la y  is 
d e s ig n e d  fo r low  level sw itc h in g  
sy s tem s th a t a re  u s e d  a t  u ltra h ig h  
sp eed . I t  is u s e d  to in te rfa c e  so lid  
s ta te  c irc u its , to  tr ig g e r  c o n tro lled  
rec tifie rs  a n d  in  c o m p u te r  and  
te le m e try  a p p lic a tio n s . T h e  re lay  
p ro v id e s  co m p le te  c irc u it iso la tio n  
w ith  zero  le a k a g e  on  o p en  c ircu it. 
R atio  o f sw itc h in g  lo a d  to  o p e ra te  
p o w er can  a p p ro a c h  30 to  1.

Size of th e  m e ta l case  is 0.210- 
in. d ia m e te r  x 0 .600-in. long. T h e  
u n it  is a v a ila b le  w ith  a 1.5, 3, o r 
6-vo!t coil a n d  is ra te d  fo r 10 m a 
at 28 v  d-c.

U n its  r a te d  u p  to  10 w  d-c or 
12 v-a o u tp u t a re  a v a ilab le  in  a 
p a c k a g e  o f th e  sa m e  d ia m e te r  b u t  
w ith  le n g th  in c re a se d  fo 0.720 or 
0.900 in. C o ils  fo r th e se  la rg e r  
u n its  a re  s ta n d a rd  fo r 6 a n d  12-v 
o p e ra tio n .
Winchester Instrument Co., P.O. Box 
24, Winchester, Mass. [356]

Stepping switch 

offers shorting mode

An A c ta n  s te p p in g  sw itc h  p e rm its  
c ircu its  to  b e  m a in ta in e d  in  an  on 
or s h o r te d  p o s itio n . T o  p ro d u c e

th is  sh o r tin g  ac tion , the  p ro g ram  
d ru m  of th e  sw itch  is s tu d d e d  w ith  
co n se c u tiv e  cam m ing  ac tu a to rs  for 
each  co n ta c t. As th e  m em ory  d ru m  
ro ta te s , th e  co n tac ts  a re  m a in ­
ta in e d  in  th e  on po sitio n  fo r th e  
d u ra tio n  of th e  re q u ire d  p ro g ram . 
T h e  co n ta c ts  w ill n o t b re a k  b e ­
tw e e n  p o sitio n s  as th e  d ru m  ro ­
ta te s .

T h e  sh o rtin g  a c tu a to rs  are av a il­
ab le  in  a v arie ty  of colors to  s im ­
p lify  re a d in g  th e  p ro g ram  on th e  
d ru m . T h e  d ru m  is com ple te ly  
field  a d ju s ta b le  an d  re q u ire s  no  
too ls fo r ch an g in g  th e  p rog ram . 
Sealectro Corp., 225 Hoyt St., Mama- 
roneck, N.Y., 10543. [357]

Continuous rotation 
precision pots

C h o ice  o f  e ith e r  b u sh in g  or servo  
m o u n t is offered  in  a line  o f  s in g le ­
tu rn , 1% -in . d iam e te r, p o te n tio m ­
e te rs .

S eries 5530 con tinuous ro ta tio n  
p o ts  h av e  w irew o u n d  re s is ta n c e  
e le m e n ts  w ith  s ta n d a rd  re s is ta n c e  
v a lu es  from  25 ohm s to  41,000 
o hm s. P o w er ra tin g  is 2.0 w a tts  a t  
4 0 °C , d e ra tin g  to 0 a t 85°C , a n d  
to ta l o p e ra tin g  te m p e ra tu re  ra n g e  
is  — 2 5 °C  to  -j-85°C . S ta n d a rd  in ­
d e p e n d e n t lin ea rity  is ± 0 .5 %  fo r 
100 o hm s a n d  above, a n d  ± 1 %

The latest 
info on

Mercury-Wetted 
Contact Relays

R IG H T  
HERE

CLARE
mercury-wetted 
contact relays
LOW. CONSTANT CONTACT RESISTANCE ... 
MAXIMUM RELIABILITY OVER 20*10» OPERATIONS

l No contact bounce
I High sensitivity ■ Speeds as fast as 1 ms 
l Power gain to 50,000-n o  noise sensitivity 
l Contact load capabilities: low level to 250 va 
l Packaged for pcb or wired assemblies 

...special models for low level, polar, 
or coaxial applications

Jf somebody's taken i t  
fo r his file

We'll 

send you 
another

Just circle
Reader Service Number be low

CLARE

C. P. C L A R E  &  C O ,
3101 P ra tt B o u le v a rd  

C h ic a g o , I llin o is  6 0 0 4 5
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New Components

u n d e r  100 ohm s. S ta n d a rd  r e s is t ­
an ce  to le ra n c e  is ± 5 % .

T h e  p re c is io n  u n its  h a v e  m o ld e d  
p la s tic  h o u sin g , s ta in le ss  s tee l 
sh a fts , a n d  g o ld -p la te d  te rm in a ls . 
T h ey  offer d e p e n d a b le  a n d  a c c u ­
ra te  p e rfo rm a n c e  in  e n v iro n m e n ta l 
ex trem es, th e  m a n u fa c tu re r  re p o rts . 
H e lip o t d iv is io n , Beckm an In s tru m e n ts , 
Inc., 2 5 0 0  H a rbo r B lvd., F u lle rto n , 
Calif., 9 2 6 34 . [3 5 8 ]

Epoxy encapsulated 
tapped delay lines

D elay  tim es o f 250 n se c  ± 1 0  n se c  
a n d  im p e d a n c e  leve ls o f 250 ohm s 
a re  a v a ilab le  in  th e  S se ries  m in ia ­
tu re  (1 x V2 x 3 in .) ta p p e d  d e lay  
lines. E a c h  lin e  is e n c a p su la te d  in 
an  epoxy  c a s tin g  re s in  th a t  p ro ­
te c ts  a ll c o m p o n e n ts  from  shock  
a n d  v ib ra tio n . A  h e rm e tic  sea l 
g u a rd s  a g a in s t m o is tu re . C o n n e c ­
tions a re  b ro u g h t o u t  ra d ia lly  from  
o ne  face  so th a t  th e  d e lay  lin e  m a y  
b e  p lu g g e d  in to  a  p -c  b o a rd  a n d  
d ip -so ld e re d  in to  p lace .

T h e  d e lay  lin es  m e e t th e  re q u ire ­
m e n ts  of M IL -S T D -202A  a n d  a re  
a v a ilab le  in  b o th  a  h ig h  a n d  low - 
im p e d a n c e  m odel.

S p ec ifica tio n s in c lu d e : r ise  tim e , 
25 n se c  (m ax); te s t  v o ltag e , 600 
v d-c; w o rk in g  v o ltag e , 300 v d-c; 
p u lse  v o ltag e , 300 v  peak ; b a n d ­
w id th , 16 M hz; te m p e ra tu re  ra n g e , 
— 65° to  125°C ; le a d s , No. 22 A w g 
tin n e d  copper.
S tan fo rd  Applied  E ng ineering , 3 4 0  M ar­
tin  Ave., Santa C lara, C a lif. [3 5 9 ]

Mounting pad supports 

frequency crystals

A sp e c ia lly  d e s ig n e d  T ra n s ip a d  
p e rm its  m o u n tin g  of f re q u e n c y  c ry ­

sta ls  b y  so ld erin g  d ire c tly  to  a 
p rin te d -c irc u it  b o a rd . T h is  su p p o r t  
a llow s fo r th o ro u g h  w a sh -a w a y  of 
so ld er flux a fte r  p o s itio n in g  on  th e  
p -c  b o a rd . Seven sp a c e r  fe e t e le ­
v a te  th e  u n it  so th a t  th e re  is a ir ­
flow  b e tw e e n  th e  fre q u e n c y  c ry s ­
ta l a n d  th e  p -c  b o a rd  to  p re v e n t 
m o is tu re  trap .

P re c is io n  m o ld ed  of b la c k  d ia lly l 
p h th a la te , th e  p a d  (N o. 10274- 
D A P) m e a su re s  0.312 in. in  w id th  
a n d  0.730 in. le n g th  w ith  tw o  
0.070-in. d iam e te r h o le s  on  0.0486- 
in. cen te rs .

S am p les  an d  sp ec ifica tio n s 
sh e e ts  a re  av a ilab le  fro m  th e  m a n ­
u fa c tu re r .
The M ilto n  Ross Co., 511 Second St. 
Pike, S ou tham p ton , Pa., 18966 . [3 6 0 ]

Filter suppresses 

unwanted sideband

A s in g le -s id eb an d  c ry s ta l filter, fo r  
u se  in  a m p litu d e -m o d u la te d  co m ­
m u n ica tio n s  e q u ip m e n t, fe a tu re s  
c a rrie r  a n d  ad ja c e n t s id e b a n d  s u p ­
p re ss io n  to  a  d eg ree  n o t p re v io u s ly  
a tta in a b le , acco rd in g  to  th e  co m ­
pany .

C a rrie r  a tte n u a tio n  is 50 d b  m in ­
im um , w h ile  su p p re ss io n  of u n ­
w a n te d  s id e b a n d  is 65 d b  m in im u m  
from  —200 h z  to  — 75 khz. C a rr ie r  
f re q u e n c y  of th e  u n it  is 1.65 M hz. 
P a s sb a n d  a t  3 db  is  + 3 0 0  h z  to

+ 3  khz. R ip p le  is ± 0 .5  d b , a n d  
n o m in a l im p e d a n c e  of th e  f ilte r  is
12,000 ohm s.

T y p e  F C -1 7 U  filte r m e a su re s  
3 +  x T|7,; x IV 2 in. In  q u a n ti t ie s  o f 
100, th e  u n i t  p r ic e  is $75, w ith  6- 
w eek  av a ilab ility .
M id land  W rig h t C orp., 3 151  F ibe rg las  
Road, Kansas C ity, Kan., 6 6 1 1 7 , [3 6 1 ]

1C plug-in package 

makes assembly easy

D e s ig n e d  fo r  lo w -c o s t a s se m b ly  on  
tw o -s id e d  p -c  b o a rd s , a  d u a l  in- 
line , 14 -lead  p lu g -in  p a c k a g e  is 
h e rm e tic a lly  se a le d  a n d  te s te d  to  a 
10 '8 c c /s e c  leak  ra te . T h e  a lu m in a - 
filled  g lass  p a c k a g e  p ro v id e s  lo w  
th e rm a l re s is ta n c e  a n d  fe a tu re s  a 
K ovar b a s e  p la te  w ith  K o v ar le a d s  
fo rm e d  in to  a 0.020-in. d ia m e te r  
fo r b o th  s tre n g th  a n d  re lia b le  so l­
dering .

T h e  100-m il p in  c e n te rs  p e rm it  
b o th  lo o se  d rill to le ra n c e s  a n d  w id e  
p r in te d -c irc u it  lin es  w h ile  th e  le a d s  
p ro v id e  a  0.035-in. s ta n d o ff  to  p r e ­
v e n t so ld e r  b rid g in g . A n o th e r  f e a ­
tu re  is an  index  n o tc h  m id w a y  in  
one of th e  sh o r t s id e s , w h ic h  id e n ­
tifies le a d  A to  fa c ili ta te  m a n u a l 
o r a u to m a tic  in s ta lla tio n .
S ylvan ia  E lec tric  P roduc ts  Inc ., E lec­
tro n ic  C om ponen ts  G roup, Seneca Falls, 
N.Y. 13148. [3 6 2 ]

Metal film resistors 

in 10-ohm values

M e ta l film  re s is to rs  a re  n o w  a v a il­
a b le  in  s ta n d a rd  v a lu e s  as  lo w  as  
10 o hm s. P rev io u sly , u n its  w e re  
lim ite d  to  30.1 o h m s, w ith  c a rb o n  
film  filling  in  w h e re  lo w e r  r e s is t ­
a n c e  v a lu e s  w e re  re q u ire d , a c c o rd ­
in g  to  th e  com pany .

T h e  re s is to rs  a re  b e in g  m a rk e te d  
as  ty p e s  M F  a n d  M F C ; M F C  d e s ­
ig n a te s  u n its  th a t  h a v e  c o n fo rm a l 
co a tin g . B o th  offer s ta n d a r d  te m ­
p e ra tu re  coeffic ien t o f r e s is ta n c e  of 
± 1 0 0  p p m /° C , re s is ta n c e  to le r ­
an c e  of ±  1% , su p e r io r  life  s ta ­
b ility  a n d  re s is ta n c e  to  e n v iro n ­
m e n ta l d e g ra d a tio n .

A v a ilab le  on  sp e c ia l o rd e r  a re  
u n its  w ith  te m p e ra tu re  co effic ien t 
o f re s is ta n c e  as lo w  a s  ± 5 0  o r  ± 2 5  
p p m /° C .
Electra  M a n u fa c tu rin g  Co., 8 0 0  N o rth  
2 1 s t S t., Independence , K ans., 6 7 3 0 1 . 
[3 6 3 ]
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AT KURZ-KASCH,
WE EVEN MAKE THE 
LITTLE ONES RIGHT!
Whether it’s a 2 incher with 
an inlay or a miniature % ’s 
. . . every Kurz-Kasch knob 
must meet our rigid stand­
ards before we add “ War­
ranted for Life.” We offer the 
best design, low cost, high 
quality knobs in the business 
. . . we have a right to call 
them great!
Write for “ Designer”  catalog 
with prices today!

KURZ-KASCH, INC.
1415 S. Broadway 

Dayton, Ohio 45401 
(513) 223-8161

New Sem iconductors

Raising 1C functions cuts cost

A telltale sign th a t  th e  d rive  b y  in ­
te g ra te d  c ircu its  m a n u fa c tu re rs  to  
im p ro v e  dev ice  y ie lds is p a y in g  off 
com es in th e  in tro d u c tio n  b y  T exas 
In s tru m e n ts  In c o rp o ra te d  of five 
n e w  com plex -function  ic ’s— a d u a l 
a d d e r , a q u a d ru p le  a d d e r, a d iv id e - 
by-12  coun ter, a 4 -b it b in a ry  c o u n ­
te r  a n d  a b in a ry -c o d e d  d ec im al- 
(BCD) - to  - d ec im al d e co d e r - d riv e r  
[E lec tro n ic s , N ov. 14, p. 60].

T h e  payoff in  p u tt in g  m o re  fu n c ­
tions in to  a s ing le  ic  is p rice , ti 

re p o rts  it can  sell th e  u n its  fo r  co n ­
s id e ra b ly  less— as m u c h  as 20%  to  
4 0 % — th a n  th e  cost fo r severa l, 
s im p le r ic ’s.

T h e  b ip o la r ic ’s a re  p a r t  o f T exas 
In s tru m e n ts ’ series 74 fam ily  of 
tran sis to r-tran s is to r-lo g ic  (ttl) c ir­
cu its  a n d  are  d es ig n e d  fo r a p p lic a ­
tion  in  d ig ita l co m p u te rs , d a ta -  
h a n d le rs  an d  co n tro l system s.

T h e  d u a l a d d e r  ad d s  tw o  2 -b it 
b in a ry  num bers. Sum  o u tp u ts  a re  
p ro v id e d  fo r e ach  b it, w ith  th e  re ­
su lta n t carry  o b ta in e d  from  th e  sec ­
o n d  b it. T h e  m o n o lith ic  u n it is d e ­
s ig n e d  for h ig h -sp eed , m u ltip le -b it 
ap p lica tio n s fo r  p a ra lle l-a d d  a n d  
seria l-carry . W ith  each  b it, a  s in g le ­
inversion  se ria l-ca rry  c ircu it in  a 
D a rlin g to n  con figu ra tion  m in im izes 
th e  n e e d  fo r ex tensive  “lo o k -ah ead ” 
a n d  ca rry -cascad in g  c ircu its. T h e  
u n i t’s speed  is 15 n an o seco n d s c a rry  
tim e  th ro u g h  tw o  stages a n d  35 
n sec  a d d  tim e. I t  costs $5.75 in  
q u a n titie s  of 100 to  999.

T h e  q u a d ru p le  fu ll a d d e r— b a s i­
ca lly  tw o  d u a l a d d e rs  p a c k a g e d  to ­
g e th e r— adds fo u r 2 -b it n u m b e rs  
( s e e  d ra w in g ) . T h e re  a re  sum  o u t­
p u ts  fo r each  b it  a n d  th e  re su lta n t 
c a rry  is from  th e  fo u rth  b it. C a rry  
tim e  is 30 nsec  th ro u g h  4 b its. A d d  
tim e  is 35 nsec. P ric e  is $9.15 in  th e  
100 to  999 q u a n tity  ran g e , a  sav ­
ings, Texas In s tru m e n ts  says, of 
41%  co m p ared  w ith  fo u r s in g le -ic  
ad d ers .

T h e  d iv ide-by-12  co u n te r  d iv ides 
b y  12, 6, 3 or 2. O p e ra tin g  f re ­
q u e n c y  is 15 m eg ah e rtz . T h e  m o n o ­
lith ic  u n it consists of fo u r m aste r-  
s lave  flip-flops th a t  a re  in te rn a lly  
in te rc o n n e c ted  to  p ro v id e  a  d iv id e-

by -6  c o u n te r  a n d  a d iv ide-by-2  
co u n te r. T h e  tw o  sections can  b e  
o p e ra te d  in d e p e n d e n tly  a n d  s im u l­
tan eo u sly . T y p ic a l p o w e r d iss ip a ­
tio n  is less th a n  40 m illivolts p e r  
flip-flop. P rice  is $8.30 in  u n its  of 
100 to  999; th is is 19%  less th a n  
th e  fo u r  ic  flip-flops w ith  g a tin g  
n o rm a lly  re q u ire d , th e  co m p an y  
says.

T h e  4 -b it b in a ry  rip p le -tln o u g h  
c o u n te r  is a  h ig h -sp e e d  m o no lith ic  
u n it  co n sis tin g  of fo u r m aste r-s lav e  
flip-flops in te rc o n n e c te d  as a  d iv id e- 
by -8  c o u n te r  a n d  a d iv ide-by-2  
c o u n te r. T h e  tw o  in d e p e n d e n t 
c o u n te r  sec tions can  b e  o p e ra te d  
s im u ltan eo u sly . W h e n  ex terna lly  
c o n n e c te d , th e  sections p ro v id e  a 
r ip p le - th ro u g h  o p e ra tio n  b y  d iv id ­
in g  th e  o u tp u t o f ea c h  flip-flop by  
2, a c h ie v in g  d iv is ion  of th e  in p u t 
f re q u e n c y  b y  2, 4, 8 a n d  16. O p e ra t­
in g  fre q u e n c y  is 15 M hz. T yp ica l 
p o w e r  d iss ip a tio n  is 40 m v  p e r  flip- 
flop. T h e  p r ic e  is $8.30 for 100 to  
999 un its .

The monolithic BCD-to-decimal 

decoder is used to drive gas-filled 

readout tubes. The decoder has ttl 

gate circuits that select one of the 

10 decimal output drivers. BCD in­

puts are provided for ti’s decade 

counter and the unit has high-per­

formance output transistors to drive 

the indicator tubes. The decoder 

sells for $10.50 each, 23% below 

the cost of separate decoding ic’s

Specifications

Types
dual adder 
quadruple full adder 
divide-by-12 counter 
4-bit binary counter 
BCD-to-decimal decoder 

Supply voltage 
D-c noise margin 
Operating temperature 

range

SN7482N
SN7483N
SN7492N
SN7493N
SN7441N
4.75 to 5.25 v
1 v typical

0° to 70°C
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Need to satisfy a multitude of circuit demands?
Our connectors give you complete interconnection freedom.
We arranged it that way!
Chances are that a CANNON® Plug 
already is available with contact 
types and insert arrangements for 
your circuit application.
Pick and pack from a wide range of 
insert arrangements to meet your 
system requirements... arrangements 
which include:
Minimum-temperature-rise power 
contacts. Bussed contacts to provide 
greater circuit flexibility. Thermocouple 
contacts with contact material which 
prevents secondary induced voltages.

Contacts with precious metal surfaces 
for low-level current and voltages... 
dry circuit conditions. Shielded 
contacts to reduce RFI. RF coaxial 
contacts with good impedance 
matching characteristics.
Filter contacts for attenuation of 
over 50 db from 100 mhz to 10 ghz. 
Printed Circuit contacts designed 
for consistent contact pressure on 
printed circuit boards. (These include 
low-force board insertion systems.) 
Microminiature MICROPIN®

contacts with spacings of .050".
Available from ITT Cannon are 
connectors meeting military and industry 
specifications in solder, crimp, weld or 
wire wrap contact designs... all in 
various sizes, materials and platings.
For our "Contact Technology” paper, 
write ITT Cannon Electric, 3208 Humboldt 
Street, Los Angeles, California 90031.
A division of
In te rn a tio n a l ^CANNON® 
Telephone and fijO Dl [ICC 
Telegraph Corp. h b b b m

CANNON IT T

r*



New Semiconductors

To order reprints: Fill in, cut out coupon below, insert in envelope 
and mail to: Electronics Reprint Dept.,
330 W. 42nd Street, New York, N.Y. 10036

Reprint order form
For listing of reprints available see the Reader Service Card. 
Communications Satellites Part II

Send m e ..............reprints of Key no. R-90 at 75(4 each.
For reprints of previous special reports fill in below:
Send m e ................reprints of Key N o .(s ) ...................@ .................. 0 each.
(For prices, see Reader Service Card)
Name..................................................................................................................................................

Number of street...............................................................................................................................

City, State, Zip code......................................................................................................................

•  Controlled Orientation
•  Ultra High Purity
•  Greater Dielectric Reliability
•  Far Greater Yields
•  Reduced Manufacturing Costs

Now you can manufacture close tolerance capacitance units with greatly improved 
yields. For new techniques permit more accurate measurement and closer control 
of the degree of orientation imparted to Styroflex capacitor film. In addition, as 
a result of highly improved raw material selection techniques, Styroflex gives 
capacitors truly exceptional insulation resistance values. These improvements 
plus continued exacting quality control procedures and the use of the latest 
radioactive thickness gauges produce an improved product in all respects. 
You will find Styroflex film is easier to use and gives you a better product at 
substantially lower manufacturing costs. Styroflex® is available in thicknesses 
from 0.00025" to 0.006" and widths from Vz" to 10".
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Cable Address: Natvar, Rahway, New Jersey

Circle 158 on reader service card

High Reliability
STYROFLEr 
Capacitor Film

a n d  d riv e r  tran sis to rs .
A ll five dev ices a re  av a ila b le  in  

t i ’ s s ta n d a rd  750-m il-long  m o ld e d  
d u a l in -lin e  p a c k a g e  w ith  14 p ins. 
T h e  q u a d ru p le  a d d e r  a n d  th e  b c d -  

to -d e c im a l d e c o d e r a lso  com e in  a  
16-p in  p a c k a g e  th a t  is 100 m ils 
lo n g e r  th a n  th e  14-p in  p ack ag e .

Texas Instruments Incorporated, 
Semiconductor division, Box 5012, 
Dallas, Texas [3 6 4 ]

Audio transistors 

in a tiny package

S ilicon  p la n a r  e p ita x ia l au d io  tra n ­
s is to rs  h a v e  b e e n  d e s ig n e d  fo r 
c o m p a c t a p p lic a tio n s  su c h  as h e a r ­
in g  a id s , ta p e  h e a d s  or p h o n e  p ick ­
u p s . P ac k a g e  size is 0.078 x 0.071 
in.

T h e  d ev ices  fe a tu re  a n o ise  fig­
u re  o f 1.5 d b  over a w id e  b a n d  a n d  
lo w  le ak ag e  of 10 n a n o a m p s  m ax i­
m um . C u rre n t g a in  c h a ra c te r is tic s  
fo r th e  ty p e s  A151, A 152 an d  A153 
a re  m a in ta in e d  over a w id e  ra n g e  
of co llec to r c u rre n ts  from  20 \xa 
to  2,000 /*a.

M o u n te d  on a ce ram ic  su b s tra te , 
th e  u n its  h av e  b e e n  d e s ig n e d  w ith  
ex tra  r ig id  leads. T h is  p e rm its  sim ­
p lified  in se rtio n  in  m ic ro m in ia tu re  
p -c  b o a rd s  a n d  ease  of p ro d u c tio n  
h an d lin g .
Amperex Electronic Corp., Slatersville, 
R.l. 02876. [3 6 5 ]

Silicon transistor 

has high power

A 400-v n p n  silicon  p o w e r tra n s is ­
to r  h as  b e e n  a d d e d  to  th e  com ­
p a n y ’s p ro d u c t line . I t  is ex p e c te d  
to  find  w id e  u s a g e  in  b o th  th e  
co m m erc ia l a n d  m ilita ry  fields.

I ts  a p p lic a tio n s  in c lu d e  h igh -
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S'ive y e a r s  o f  u s e f u l  o r b i t  l i f e  i s  c l o s e  t o  maximum f o r  a s a t e l l i t e  p o w e r e d  by 
a  h y d r o g e n - p e r o x i d e  r e a c t i o n  s y s t e m .  Now H ughes  i s  d e v e l o p i n g  a  p r o p u l s i o n  
s y s t e m  t h a t  p r o m i s e s  t o  h a v e  a 2 0 - y e a r  l i f e t i m e .  New s y s t e m  u s e s  t h e  power  
a v a i l a b l e  t o  t h e  s a t e l l i t e  t o  e l e c t r o l y z e  w a t e r  i n t o  h y d r o g e n  and o x y g e n ,  
w h i c h  a r e  b u r n e d  i n  a  r o c k e t  t o  m a i n t a i n  p r o p e r  s t a t i o n  p o s i t i o n .

Hughes  1 0 , 0 0 0 - c h a n n e l  h i g h - f r e q u e n c y  s i n g l e  s i d e b a n d  Manpack r a d i o ,  w h i c h  t h e  
U.S.  Army i s  e m p l o y i n g  s u c c e s s f u l l y  i n  V i e t  Nam, i s  now b e i n g  t e s t e d  by t h e  
U .S .  A i r  F o r c e  and U . S .  M a r i n e s .  The two s e r v i c e s  a r e  c o n d u c t i n g  o p e r a t i o n a l  
s u i t a b i l i t y  t e s t s  h e r e  and a b r o a d  on t h i s  m a n - p o r t a b l e ,  l i g h t w e i g h t  s e t  t h a t  
w i l l  c o m m u n i c a t e  r e l i a b l y  i n  j u n g l e - t y p e  t e r r a i n .

A 1 6 - m o n t h - l o n g  t e s t  o f  J a p a n ' s  BADGE s y s t e m  was s u c c e s s f u l l y  c o m p l e t e d  r e ­
c e n t l y  by H u g h e s .  BADGE (B ase  A i r  D e f e n s e  Ground  E n v i r o n m e n t )  i s  t h e  f i r s t  o f  
the  T a c t i c a l  A i r  Weapons  C o n t r o l s  S y s te m s  Hughes  i s  d e v e l o p i n g  f o r  many F r e e  

Wor ld  n a t i o n s .  E q u i p m e n t  d e l i v e r y  t o  J a p a n  i s  s c h e d u l e d  f o r  c o m p l e t i o n  t h i s  
month .  When i t  g o e s  o p e r a t i o n a l ,  J a p a n  and t h e  s u r r o u n d i n g  P a c i f i c  a r e a  w i l l  
be c o v e r e d  w i t h  an  e l e c t r o n i c  n e t w o r k  t h a t  w i l l  a u t o m a t i c a l l y  d e t e c t ,  t r a c k ,  
and i d e n t i f y  s u p e r s o n i c  a i r b o r n e  t a r g e t s .

Two l a s e r  u n i t s  f o r  c o m m e r c i a l  u s e  w e r e  i n t r o d u c e d  r e c e n t l y  by H u g h e s .  T h e y ' r e  
s u i t a b l e  f o r  s p e c t r o s c o p y ,  s t r e s s  a n a l y s i s ,  h o l o g r a p h y ,  o p t i c a l  p u m ping  and  i n ­
s t r u m e n t a t i o n .  The c o m p l e t e l y  p a c k a g e d  p u l s e d  l a s e r s  u s e  s i n g l y - i o n i z e d  a r g o n  
g a s ,  c a n  p r o d u c e  s i x  w a v e l e n g t h s  s i m u l t a n e o u s l y  i n  t h e  b l u e - g r e e n  p o r t i o n  o f  
t h e  v i s i b l e  s p e c t r u m .  B o th  a r e  a i r - c o o l e d ,  u s e  n o r m a l  1 1 5 - v o l t ,  6 0 - c y c l e  pow­
e r .  L a s e r  h e a d s  a r e  s e l f - c o n t a i n e d ,  i n c l u d e  d i s c h a r g e  t u b e ,  m i r r o r s ,  p u l s e  
f o r m i n g  n e t w o r k ,  t r i g g e r  t r a n s f o r m e r ,  c o o l i n g  f a n .  Power  s u p p l y  c o n t a i n s  
c a t h o d e  h e a t e r  s u p p l y ,  i n t e r n a l  t r i g g e r  o s c i l l a t o r ,  c o n t r o l s  and i n d i c a t o r s .

When E n g l a n d ' s  EMI E l e c t r o n i c s  a c q u i r e d  a 49 p e r c e n t  i n t e r e s t  i n  H ughes  I n t e r ­
n a t i o n a l  (UK) L t d .  r e c e n t l y ,  t h e  Hughes  s u b s i d i a r y  c h a n g e d  i t s  name t o  E mihus  
M i c r o c o m p o n e n t s  L t d .  New p a r t n e r s h i p  w i l l  ex p a n d  p r o d u c t  a r e a s  a c r o s s  t h e  e n ­
t i r e  c o m p o n e n t s  f i e l d ,  and w i l l  e x p l o i t  t h e  m a r r i a g e  o f  c o m p l e m e n t a r y  t e c h n o l ­
o g i e s  so  v i t a l  f o r  a d v a n c e d  m i c r o e l e c t r o n i c s  p r o d u c t s .

The T V - g u id e d  Con d o r  m i s s i l e ' s  d a t a - l i n k  s y s t e m  i s  b e i n g  d e v e l o p e d  by H u g h e s  
u n d e r  a m u l t i - m i l l i o n - d o l l a r  c o n t r a c t  w i t h  N o r t h  A m e r i c a n  A v i a t i o n ' s  C o lumbus  
D i v i s i o n .  H ughes  i s  b u i l d i n g  t h e  c o m p l e t e  e l e c t r o n i c  s y s t e m s  and a n t e n n a e  f o r  
b o t h  t h e  m i s s i l e  and t h e  Navy a i r c r a f t  t h a t  w i l l  l a u n c h  i t .  The C o n d o r  i s  e x ­
p e c t e d  t o  g i v e  c a r r i e r - b a s e d  a i r c r a f t  a s t a n d o f f  c a p a b i l i t y  and g r e a t l y  i n ­
c r e a s e d  b o m b in g  a c c u r a c y .

A m i l l i m e t e r - w a v e  a m p l i f i e r  t u b e  w i t h  an  a v e r a g e  CW p o w e r  o u t p u t  i n  e x c e s s  o f  
f i v e  k i l o w a t t s  h a s  b e e n  d e v e l o p e d  by Hu ghes  R e s e a r c h  L a b o r a t o r i e s .  P r e v i o u s  
u p p e r  l i m i t  was  a  o n e - k i l o w a t t  Hughes  t u b e .  New t u b e ,  d e v e l o p e d  u n d e r  c o n ­
t r a c t  t o  U n i o n  C a r b i d e  C o r p o r a t i o n  f o r  t h e  U . S .  A t o m i c  E n e r g y  C o m m i s s i o n ,  w i l l  
be  u s e d  a t  Oak R i d g e  f o r  h e a t i n g  m a g n e t i c a l l y - c o n f i n e d  p l a s m a  i n  e x p e r i m e n t s  
d i r e c t e d  t o w a r d  c o n t r o l l e d  t h e r m o n u c l e a r  f u s i o n .

,r  HUGHES INTERNATIONAL
H U G H E S  A IR C R A F T  C O M P A N Y
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New Semiconductors

I n  t o d a y ’s i n d u s t r i a l  g r o w th ,  n o w h e r e  is  th e r e  a n  id le  s u p p ly  o f  
s k il le d  la b o r . B u t  W is c o n s in  h a s  a  b ig  p lu s  f a c to r  in  a v a i la b le  
la b o r . T h e r e  a r e  m o re  p e o p le  e n g a g e d  in  a g r ic u l tu r e  
p e r c e n ta g e - w is e  t h a n  in  t h e  n a t io n  a s  a  w h o le . T h is  c r e a te s  a  
p o o l o f  in d u s t r io u s ,  h ig h ly  t r a in a b le  m a n p o w e r . I n  f a c t ,  
a p p r o x im a te ly  3 2 ,0 0 0  o f  t h e  m o re  t h a n  120 ,000  f a r m  w o r k e r s  
a r e  e m p lo y e d  in  n o n - f a r m  jo b s  d u r in g  o ff-s e a so n s . W is c o n s in ’s 
h ig h ly  r u r a l  m a k e - u p  a ls o  p r o v id e s  a  p o te n t ia l  s o u rc e  o f  w o m e n  
f o r  m a n y  h ig h ly  d e x te r o u s  a s s e m b ly  jo b s  f o r  to d a y ’s 
i n t r i c a t e  e le c t r ic  a n d  e le c t r o n ic  p r o d u c ts .  B a c k in g  
t h i s  u p  is  o n e  o f  t h e  n a t i o n ’s m o s t  a d v a n c e d  
v o c a t io n a l ,  te c h n ic a l  a n d  a d u l t  e d u c a t io n  
p r o g r a m s .  A n d  th o u g h  W is c o n s in  r a n k s  1 5 th  
in  p o p u la t io n ,  i t  r a n k s  9 th  in  e n r o l lm e n t  
in  v o c a t io n a l  c la s s e s .

G e t  a ll t h e  f a c t s ! W r i t e  
I n d u s t r y  D e v e lo p m e n t, D e p t .  H .,
W is c o n s in  P o w e r  a n d  L i g h t  C o m p a n y ,
P . O . B o x  192 , M a d iso n , W is c o n s in  5 3 7 0 1 .

1 3

3t°
ble

leap t °  be tte r  /,v /

WISCONSIN^?
. investor owned

v o ltag e , w id e b a n d  am plifiers an d  
o th e r  c ritica l in d u s tr ia l  a n d  m ilita ry  
u ses . T h e  n p n  can  a lso  b e  u se d  for 
sw itc h in g  a n d  se ries  reg u la to rs , re ­
lay  d riv e rs , w av efo rm  am plifie rs, 
c o n v e rte rs , in v e rte rs , v ideo  a m p li­
fiers a n d  m o n ito rs , co lo r-d iffe rence  
am p lifie rs  a n d  o p e ra tio n a l a n d  d if ­
fe re n tia l am p lifie rs in  an a lo g  com ­
p u te rs .

T h is  tra n s is to r  h a s  a  400 v co l­
le c to r-e m itte r  b re a k d o w n  vo ltag e  
( V o e r ) ,  a n d  is r a te d  a t 325 v co l­
le c to r-e m itte r  b re a k d o w n  vo ltage  
w ith  b a s e  o p en  (V 0eo (bus))- B eta  is 
g re a te r  th a n  30 a t  a co llec to r c u r­
r e n t  o f 1 am p  a n d  a co llec to r-em it­
te r  v o ltag e  of 5 v. T h e  u n it  a lso  h as  
a  m in im u m  b e ta  of 10 a t a co llec to r 
c u rre n t o f 2.5 am p s a n d  a co llecto r- 
e m itte r  v o ltag e  of 5 v.
Industro Transistor Corp., 35— 10 36th 
Ave., Long Island City, N.Y., 11106. 
[3 6 6 ]

Single-phase bridge 

silicon rectifier

A m e d iu m  c u rre n t, s in g le -p h ase  
b r id g e  s ilicon  rec tifie r, th e  series 
B 191, sh a rp ly  re d u c e s  sp ace  re ­
q u ire m e n ts  b e c a u se  it can  h a n d le  
m ax im u m  p o w e r p e r  u n it  size an d  
is c a p a b le  of w ith s ta n d in g  h ig h  
tra n s ie n t  en erg y . T h e se  u n its  m ake 
fo r fa s te r  a sse m b ly  a n d  sim plified  
p u rc h a s in g  b y  e lim in a tin g  th e  n eed  
fo r so ld e rin g  a g re a t m any  d iodes. 
T h u s  fe w e r le a d  co n n ec tio n s  a re  
re q u ire d  a n d  in v e n to ry  can  b e  re ­
d uced .

T h e  s in g le -p h a se  b r id g e  u n its  
c o n ta in  d o u b le  d iffu sed , p a ss iv ­
a te d , c o n tro lle d  a v a lan ch e  ju n c ­
tio n s  in  a  co ld  ca se  d es ig n  fo r h ig h  
re liab ility . P u re  silver le a d s  a re  
a v a ila b le  fo r s tra ig h t p lu g -in ; 
m o u n tin g  s tu d  is op tional.

E le c tr ic a l ra tin g s  of th e  n ew  m in ­
ia tu re s  fe a tu re  h ig h - te m p e ra tu re
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TABLES AND GRAPHS ARE INTERESTING DON’T YOU THINK?

The ones appearing below feature our 3SK20® and 3SK21® FETs
3 S K 2 0 ®  N -channel in su la te d  g a te  (MOS) 
ty p e  F E T  dev ice  o p e ra tin g  in  dep le tion  
m ode. F e a tu re s  e x tre m e ly  h ig h  in p u t im ­
p edance  a n d  low  noise. Ideal fo r u se  as 
DC to  h ig h  fre q u e n c y  am plifiers, choppers 
a n d  an a lo g  sw itches.

3 S K 2 1 ®  N -channel in su la te d  g a te  (MOS) 
ty p e  F E T  dev ice  o p e ra tin g  in  d ep le tio n  
m ode. F e a tu re s  v e ry  h ig h  ON to  O F F  im ­
p ed an ce  ra tio  an d  h ig h  tra n s fe r  a d m itta n c e . 
M ost u se fu l a s  p a ra lle l o r se ries  ch o p p e rs  
a n d  la rg e  s ig n a l am plifiers.

A B SO L U T E  M A X IM U M  R A T IN G S  
(A t T a = 25°C, V g2.s= 0 )

0 50 100 150

Channel Temperature Tch (°C) 

Maximum Channel Dissipation Curve

Sym bol M ax . R a tin g s U n it
V  DSX* 20 V
V qiSX** + 5 , - 2 0 V
V giSO ± 2 0 V
I d 10 m A
Pch 100 m W
Tch 150 °C
Tstg - 5 5 -  +  150 °C

♦Value at V o i s = ~ 6V **Value at Vz>s=lV

ELECTRICAL CHARACTERISTICS (At Ta =  25°C, Vg2s= 0)

S y m b o l C o n d i t i o n  o f  M e a s u r m e n t
3 S K  2 0  ® 3 S K  21  ®

U n i t
m i n . t y p . m a x . m i n . t y p . m a x .

B V  DSX I d  =  1 0 /f A , V g i s =  — 6 V 2 0 — — 2 0 — — V

I g iSS U rn s = - 6 V , V DS= 0 — — 1 .0 — — 1.0 p A

V g isc I d  — 1 0 / iA , F b s = 6 V — — - 3 . 5 — — - 5 . 0 V

l o s s V g i s = 0 0 .6 — 4 — 11 m A

y / s F fls = 6 V , I d  =  I d s s , / = l k H z 0 .6 — 2 .5 — — m U

F flS = 6 V , I d  =  I d s s , ƒ  =  1M H z — 4 .0 — — 4 .0 — p F

Vn
V DS =  6  V , 
ƒ =  1 k H z , h 

h

S
3 — 0 .2 — — — —

m m

R o n F z > s = 1 0 0 m V , V a s —0 — — — — 150 3 0 0 n

R o f f U flS = 1 0 0 m V ,  F o r s =  — 6 V — — — 1 0 0 — — M f l

Typical Drain Characteristics Typical Transfer Characteristic
Gate 1 to Source Voltage Vais (V)

Drain to Source Resistance Characteristic

Did you find all this informative? If you would like to know more we’ll be only too 
pleased to let you have more details. Why not write us soon.

H IT A C H I
Hitachi, Ltd. Tokyo J a p a n

HITACHI SALES CORPORATION: 333 N. Michigan Avenue, Chicago, III. 60601, U.S.A. Tel: 726-4572/4 / 666, 5th Avenue, New York, N.Y. 
10019, U.S.A. Tel: 581-8844 / HITACHI, LTD., DUESSELDORF OFFICE: 4 Duesseldorf, Graf Adolf Strasse 37, West Germany Tel: 10846

Electronics j November 28, 1966 Circle 161 on reader service card 161



New SemiconductorsNew reliability in radio and 
teleprinter communications 
from Mitsubishi
Mitsubishi Electric presents a 
recently developed parame- 
tronic ARQ terminal system 
designed to increase the reli­
ability of radio telegraph cir­
cuits. Designated the TZ-4 
ARQ, this equipment reduces 
error rates in teleprinter traf­
fic, while bringing a level of 
accuracy in radio traffic that 
approaches that of the cable 
circuit.
Model TZ-4 ARQ provides a 
duplex system ( 2x2  ch.) or a 
quadruplex system ( 1 x 4  ch.) 
in a single cabinet. Eight- 
extensors and four-subdividers 
are also included. Model TZ-4 
ARQ is designed in accordance with new CCIR recommenda­
tion No. 342. For further information, a card bearing your name 
and address and sent to Mitsubishi Electric, Tokyo, Japan, will 
bring full particulars.

MITSUBISHI ELECTRIC CORPORATION
Head Office: Mitsubishi Denki Bldg., Marunouchi, Tokyo. Cable Address: MELCO TOKYO
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c a p a b ility , low  le ak ag e  c u rre n t an d  
low  fo rw a rd  v o ltag e  d ro p . S in g le ­
p h a se  b r id g e  d e s ig n s  w ith  c u rre n t 
o f 6 a m p s  a re  o ffered  in v o ltag e  
ra tin g s  fro m  50 to  1,200 v peak  in ­
v e rse  v o ltag e .
Edal Industries, Inc., 4 Short Beach 
Road, East Haven, Conn., 06512. [367]

Silicon rectifiers 
boast high piv’s

P e a k  in v e rse  v o ltag e  ra tin g s  of 
2,500, 5,000, 7,500, 10,000, 12,500 
an d  15,000 v a re  av a ilab le  from  th e  
S lim p ac  Sr. se ries  of coaxial lead  
m o u n tin g , s ilicon  rec tifie rs. T h e  
u n its  .are r a te d  a t  2 am p s in  free  
a ir a n d  4 am p s in  oil. C o ro n a-free  
c o n s tru c tio n  m ee ts  s tr in g e n t life 
a n d  e n v iro n m e n ta l re q u ire m e n ts .

T h e se  rec tif ie rs  fe a tu re  low  fo r­
w a rd  d ro p , low  leak ag e  (10 p a a t  
p iv , 2 5 °C ), o p e ra tin g  a n d  s to ra g e  
te m p e ra tu re  of —55° to  - |-1750C.

In te rn a lly , th e  dev ice  u tilizes  th e  
m a n u fa c tu re r ’s so lid  d o u b le  h e a t  
sink  ju n c tio n s  w e ld e d  to g e th e r  fo r 
m e c h a n ic a l s tre n g th , e lim in a tin g  
th e  u se  of so ld ers . T h e  p ack ag e  is 
0.375 x 0.687 in. T h e  le n g th  w ill 
v a ry  w ith  th e  p iv  ra tin g  from  1.50 
to  6.50 in. m ax im um . U n its  hav e  
0 .051 -in .-d iam ete r ax ial (16-gauge 
tin n e d  c o p p e r) le ad s  fo r s im p lic ity  
o f in s ta lla tio n .

U n its  a re  su ite d  to  all s ta n d a rd , 
s in g le  a n d  p o ly p h a se  rec tifie r c ir­
cu its,
Semtech Corp., 652 Mitchell Road, New­
bury Park, Calif., 91320. [368]
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SELECTIVE MICROVOLTMETER

-2 -1

Measured i.f. selectivity characteristic. 
Bandwidth 500 cps.

* kc

Get The Extra C apab ility , 
G reater R e lia b ility , and 
Longer U se fu l L ife  Of . . .

U n iq u e  F e a t u r e s
•  Extremely wide frequency range: 10 kc to 30 me.
•  Fine frequency adjustment: ± 2 .5  kc.
•  Bandwidth, selectable: 500 cps and 5 kc.
•  Full-scale deflections, 1 ^vto 1 v.
•  Six input impedances from 50 fl to 500 kfl

Here is a highly sensitive superheterodyne receiver whose output 
voltage is indicated by a diode voltmeter. A switch permits selection 
of any of the conventional input impedances. Single frequency 
changing is used for input frequencies from 10 to 1000 kc, double 
frequency changing for 1 to 30 me, the bandwidth being 5 kc 
in both cases. Additional frequency conversion takes place in 500-cps 
narrow-band operation.
The local oscillator can be varied in frequency by ±2.5 kc and thus 
permit shifting of the 500 cps pass band over the 5 kc bandwidth 
present up to this frequency conversion.
The meter is calibrated in volts and decibels, and features an addi­
tional expanded scale with a relative calibration from 0.7 to 1. A 
head-phone output provides aural monitoring. A built-in calibration 
oscillator permits checking and adjustment. The power supply is 
electronically regulated for greater stability with regard to gain and 
frequency accuracy. A high impedance probe / amplifier is available.

T y p ic a l  M e a s u r e m e n t  A p p l i c a t io n s
Frequency response on four-terminal 
networks, especially at low 
voltage levels.
Frequency response on amplifiers or 
filters within their pass bands.
R-f distortion of long-, medium- 
and short-wave transmitters.

Modulation depth.
Envelope distortion. 
Inter-channel cross-talk 
attenuation.
Signal-generator attenuation. 
R-f leakage on shields and 
r-f chokes.

ROHDE & SCHWARZ
111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 • (201) 773-8010

Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, München 8, West Germany.
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New Instruments

Digital readout projected clearly

REFLECTOR

ETCHED RETICLE
' BCD 

STEPPING MOTOR

NUMERALS

A digital readout th a t  co u ld  re p la c e  
ju s t  a b o u t ev ery  re a d o u t n o w  in  u se  
— a n d  a t  c o m p a ra b le  c o s ts— is th e  
c la im  m a d e  b y  th e  N um ex  C o rp . fo r 
its  n e w  u n it.

A lso  n a m e d  N um ex , fo r n ew  
m e c h a n ism , th e  re a d o u t h a s  so lid  
n u m e ra ls  all on  th e  sam e p la n e  th a t 
can  b e  re a d  from  a w id e  v iew in g  
ang le . T h e  co m p a n y ’s firs t m odel, 
se rie s  R-100, b o th  d eco d es  a n d  d is ­
p lay s  signals from  fou r-w ire , b in a ry -  
c o d e d -d e c im a l log ic  in te g ra te d -c ir ­
c u it system s. I t  c an  also  b e  m od ified  
to  a c c e p t o th e r  in p u t codes. F u tu re  
m o d e ls  exp ressly  fo r  u se  w ith  c o u n t­
in g  in s tru m e n ts  a re  p la n n e d . In  a d ­
d itio n  to  la b o ra to ry  use , th e  co m ­
p a n y  sees  p o te n tia l in  co n su m e r 
ap p lic a tio n s , su ch  as a irp o r t  d is ­
p lay s a n d  s to ck  q u o ta tio n  b o a rd s , 
w h e re  th e  so lid  n u m era ls  w o u ld  b e  
a n  a d v a n ta g e .

N um ex  com bines d e c o d in g  a n d  
d isp la y  in  o ne  u n it, u s in g  th e  p r in ­
c ip les o f a d ig ita l servo  fo r d e c o d ­
in g  a n d  th e  p rin c ip le s  o f a m ov ie  
p ro je c to r  fo r  d isp lay in g . F o r  each  
d e c a d e , th e re  is ju s t one lig h t b u lb  
a n d  o ne  lens as o p p o se d  to  m ost 
p ro je c tio n  re a d o u ts  th a t  h a v e  a b u lb  
a n d  a  lens fo r each  n u m e ra l. T h e  
10 n u m e ra ls  h a v e  b e e n  s ta m p e d

Specifications

Viewing angle 
Input wires 
Speed
Num eral size

Over-all size per
decade module  

Power input 
Price

o u t a ro u n d  th e  p e r ip h e ry  of a s ta in ­
less s tee l disk, o r re tic le , w h ic h  is 
m o u n te d  on th e  sh a ft of a  p e a n u t­
s ized  e lec tron ically  d riv en  s te p p in g  
m oto r.

W h e n  a n ew  d ig it is re q u ire d , th e  
im ag e  disk is ro ta te d  b y  th e  s te p ­
p in g  m otor. P ho toce lls  lo c a te d  on 
th e  b a c k  of th e  d isp la y  p a n e l a re  
a c tu a te d  b y  lig h t b eam s p ass in g  
th ro u g h  tin y  co d ed  ho les in  th e  
p ro jec tio n  disk. A 4 -w ire  bcd in p u t 
from , fo r exam ple, in te g ra te d  c irc u it 
log ic  is fed  to  th e  8 -pho toce ll a rray . 
W h e n  disk code  a n d  bcd in p u t 
m a tc h , a  stop  signal is se n t to  th e  
s te p p in g  m otor.

A  d e te n t h o ld s th e  n u m e ra l in  
p la c e  u n til u p d a tin g . T h e  c o d ed  
holes a re  n o t seen  on  th e  v iew in g  
p an e l.

N um ex  claim s its re a d o u t affords 
sev era l econom ies n o t fo u n d  in  com ­
p e tit iv e  un its. T h e  m ajo r sav ing  
com es from  th e  re p la c e m e n t o f a r ­
rays o f silicon d ec o d in g  d iodes w ith  
th e  co d ed  ho le  arrays. T h e  d isp lay  
im ag e  is b r ig h t b e c a u se  th e  u n it  
uses a  p re fo cu sed  12-w att b u lb  
w ith  a ru g g e d  5-m il d ia m e te r  fila­
m en t. T h e  b u lb  is n o t sw itc h e d  on 
a n d  off, thus p ro lo n g in g  its life tim e.

T h e  R-100 m o to r has  a s te p p in g  
ra te  o f 30 pu lses p e r  seco n d  a n d  
tu rn s  in  only  one d irec tio n , so th e  
lo n g est u p d a tin g  tim e  is close to  a 
th ird  of a  second . T o  av o id  ty in g  
u p  fa s t log ic  c ircu its , an  in te r ­
m e d ia te  m em ory , w h ich  can  a c q u ire  
a  com m and  in  50 n an o seco n d s, can  
b e  b u il t  in to  th e  device.

In  q u an titie s , a  s ix -decade  R-100

160 °

4 data, 1 hold 
3 displays/second 
1 y 2 in. high, 1-9/16 in. 

centers
3 in. high, 1-9/16 in.

wide, 6V 2 in deep 
6.3 v
About $50 a decade

with bcd logic costs about $250, 
including frame and mounting hard­
ware. bcd units are available from 
stock, with other logic units avail­
able in three weeks.
Numex Corp., 223 Crescent Street, 
Waltham, Mass. 02154 [371]

Tape recorder buffers 

accept digital input

S eries  5030 ta p e  re c o rd e r  bu ffers 
a re  in s tru m e n ts  fo r tra n s la tin g , 
fo rm a ttin g  a n d  tra n s fe rr in g  d ig ita l 
d a ta  from  an a lo g -to -d ig ita l co n ­
v e r te rs , co u n te rs , re g is te rs , d ig ita l 
c locks a n d  s im ila r dev ices  to  s ta n d ­
a rd  in c re m e n ta l m a g n e tic  ta p e  re ­
co rd ers .

T h e  bu ffe rs  fe a tu re  co m p u te r-  
c o m p a tib le  fo rm a ttin g , ta p e  su p p ly  
a n d  p a r i ty  m o n ito rin g , a n d  o p tio n a l

k e y b o a rd  in p u t. T h e  b a s ic  bu ffers 
a c c e p t six 4 -b it o r fo u r 6 -b it c h a r­
ac te rs . A ny n u m b e r  of ad d itio n a l 
in p u ts  can  b e  p ro v id ed . O n com ­
m a n d , th e  d a ta  is se q u e n c e d  to  th e  
ta p e  re c o rd e r . T h e  b u ffe rs  g e n e ra te  
in te r-re c o rd  g a p  co m m an d s an d  
o th e r  fu n c tio n s  n e c e ssa ry  fo r p ro ­
d u c in g  c o m p u te r-c o m p a tib le  tap es .

P ric e  is $1,200; av a ilab ility , 60 
days.
Control Equipment Corp., 19 Kearney 
Road, Needham Heights, Mass., 02194. 
[ 3 7 2 ]

Array test system 

features high speed

M a n u fa c tu re rs  a n d  u se rs  of co m ­
plex  a rra y s  can  ch eck  u p  to  144 
p in s  a t  a tim e, ea c h  p ro g ra m e d  as 
e ith e r  in p u t o r o u tp u t, w ith  the  
se rie s  8000 te s t  sy stem . T e s ts  a re  
ru n  a t  1,000 a seco n d , an  o rd e r  of 
m a g n itu d e  fa s te r  th a n  an y  o th e r 
sy s te m  on  th e  m a rk e t, a c c o rd in g  to 
th e  m a n u fa c tu re r . T h e  in s tru m e n -
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W ill Secret Agent 
Glass Bond ever get 
rubbed out?
(Eventually, but well unconditionally guarantee 
that it will take at least 2,000 hours.)
The secret agent in Ferroxcube’s 
data recording heads is All-Glass 
Bonding, an exclusive patented 
process. Here’s what it does. Even 
in the worst case of contact tape 
applications, after thousands of 
hours of use, head surface wear 
is less than 100 microinches. 
When a conventional head is ka­
put, fini, washed up, our all-glass- 
bonded head doesn't even show

the guarantee. Ferroxcube contact 
heads are unconditionally guaran­
teed for 2,000 hours of operation 
without recrowning or relapping. 
No ifs, ands or buts—2,000 hours.
We make all-glass-bonded heads 
for digital and ana-log applications. 
Digital types are IBM-compatible, 
handle 2,000 bpi with no head-in­
duced dropouts. Analog heads

meet IRIG standards and have 
gaps as small as 40 uin. to provide 
usable response in the megahertz 
range. (Bonus: the mirror-smooth 
surface extends tape life, post­
pones rehabilitation.)
Be hardheaded about recording 
heads. Compare performance. 
Start by writing for our Bulletin No. 
1008 and 1009.

any gap smear.
That's why we can be big about Ferroxcube

FERROXCUBE 
CORPORATION 
OF AMERICA 

Saugerties, New York 
914 - 246-2811

Boston Chicago Dallas
617- 899-3110  312 - 261-7880  214 - 255-0441

Los Angeles 
213- 837-1484

Minneapolis
612- 888-4681

New York Area 
201 - 267-5888

Phoenix
602- 265-1792

Philadelphia Washington, D.C. 
215 - 927-6262  703 - 893-4900
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HEWLETT iM PACKARD
^  A n  extra measure of performanceA  n extra measure of performa nee

-  0»

NEW hp 180A OSCILLOSCOPE
You can see more, do more with this 30-pound oscilloscope that goes any- 
yyhere^fjeld, laboratory, or production line. Designed from the user’s 
viewpoint in, this new dual-trace 50 MHz scope is packed with new 
ideas and innovations to give you big picture CRT, plug-in versatility, 
step-ahead all-solid-state performance, minimum weight and rugged 
design. These features add up to more total performance, more usability 
than any other scope on the market!

The hp 180A mainframe is the first with power supplies specifically 
designed for solid-state circuitry—gives you full performance benefits 
from solid-state devices in all present and future plug-ins. With hp's 
all-new big-picture 8 x 10 cm CRT, you have an extra-large display area 
—get bigger displays, make accurate measurements easier!
* Vertical amplifiers drive the CRT vertical deflection plates directly, 
allowing even greater bandwidth capabilities in future plug-ins. Vertical 
amplifiers have low drift FET input stages for accurate DC measure­
ments . . .  plus quick 15-second warm-up. Time base plug-ins offer new 
easy to use delayed sweep for examining complex waveforms in detail. 
Tunnel diode triggering circuits lock in waveforms to 90 MHz. Exclusive 
hp mixed sweep feature combines display of first portion of trace at 
normal sweep speeds, and simultaneously expands trailing portion of 
trace at faster delayed sweep speed to allow magnified examination.

See the back of the actual size color photo at the right for abbreviated 
specifications and price. For full specifications and a demonstration of 
how you can see more, do more with this new, versatile, go-anywhere 
scope, call your nearest hp field representative. Or, write to Hewlett- 
Packard, Palo Alto, California, 94304. Tel. (415) 326-7000; Europe: 
54 Route des Acacias, Geneva,

SEE
MORE!
DO
MORE!

Tear out actual photo of 180A  Oscilloscope. Set it on your bench. See w hat the big p icture display w ill m ean to your work
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New Instruments

ta tio n  is p ro g ra m e d  b y  a m a g n e tic  
d isk  a n d  can  b e  tie d  in to  v irtu a lly  
any  c o m p u te r  fo r p ro g ra m in g  th e  
d isk  or fo r re a d o u t a n d  an a ly s is  of 
te s t da ta .

W ith  th e  se ries  8000 fu n c tio n a l 
te s ts  can  b e  p e rfo rm e d  on  co m ­
p le te  m o d u les , p r in te d  c irc u it ca rd s , 
w e ld e d  m o d u les , in te g ra te d  c ir ­
cu its , th in -film  c irc u its , m u ltic h ip  
IC ’s, com plex  a rra y s , la rg e  sca le  
in te g ra tio n  a n d  sy s te m  su b a s se m ­
b lies.
Fairchild Instrumentation, a division of 
Fairchild Camera and Instrument Corp., 
Mountain View, Calif. [373]

High-sensitivity
a-c voltmeter

M odel 400G L  a-c  v o ltm e te r  offers 
a lin e a r  d b  sca le  on  ea c h  ran g e . I t  
h a s  a 100 /xv fu ll-sca le  ra n g e , a n d  
10 m eg o h m  in p u t im p ed an ce . T h e  
m ax im u m  fu ll-sca le  ra n g e  is 1,000 
v. A b u ilt- in  am p lifie r p ro d u c e s  1 v 
rm s a-c o u tp u t fo r  fu ll-sca le  m e te r  
deflection . O n  th e  100-juv ra n g e  th e

am plifier h a s  80 db  g a in  w ith  a  le ss  
th a n  5 pcv noise.

F re q u e n c y  ra n g e  is 20  h z  to  4 
M hz. A ccu racy  in th e  ra n g e  fro m  
100 h z  to  1 M hz is 0.2 d b . V o ltag e  
ga in s u p  to  160 db m ay  re a d ily  b e  
m e a su re d  over 5 d e c a d e s  of f re ­
q u e n c y  range .

A b u ilt-in , 100-khz lo w -p a ss  
filter, co n tro lled  from  th e  f ro n t 
p an e l, w ill e lim in a te  th e  e rro r-  
p ro d u c in g  effects of h ig h -fre q u e n c y  
v o ltag es w h e n  lo w -freq u en cy  m e a s ­
u re m e n ts  a re  b e in g  m ade .

T h e  400G L  is sa id  to  b e  e s p e ­
cially  u se fu l w h en  m e a su r in g  s ig ­
n a ls  th a t  va ry  w ith in  w id e r  th a n  
u su a l ran g e . W ith  20 d b  ra n g e  on 
e ach  scale, signals v a ry in g  in  v o lt­
age over a 10-to -l ra n g e  m a y  b e  
co n tin u o u sly  fo llow ed , w ith o u t 
ran g e -ch an g in g . T he  u n u s u a l  g a in  
of th e  b u ilt- in  am plifier, a n d  th e  
h ig h  sen s itiv ity  of th e  in s tru m e n t, 
su it i t  fo r u se  as a c a lib ra te d  h ig h - 
g a in  p ream p lifie r fo r o sc illo sco p es , 
b r id g e  d e tec to rs  and  o th e r  dev ices. 
In  aco u stica l m e a su re m e n ts , s e n s i­
tiv ity  is so h ig h  th a t  a  c a lib ra te d  
m ic ro p h o n e  m ay  b e  c o n n e c te d  d i­
re c tly  to  th e  in p u t te rm in a ls .

P ric e  is $290; d e liv e ry  e s tim a te s , 
4 to  6 w eeks.
Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif., 94304. [374]

Tera-ohmmeter 
measures in 2 seconds

A so lid -s ta te  te ra -o h m m e te r  h a s  
b e e n  announced . A m o n g  its  a d ­
v a n ta g e s , th e  T 0 7 A  fe a tu re s : a  r e ­
s is ta n c e  ra n g e  of 100,000 ohm s to
10,000 te ra-ohm s, a c u r re n t  ra n g e  of 
0.1 p ico am p  to  10 /ua, c o n tin u o u s ly  
v a ria b le  te s t  vo ltage  of 0 to  1,000 
v  d-c, m easu rem en ts  in  a c c o rd a n ce  
w ith  A ST M  D-257 a n d  IE C 9 3 , le ss  
th a n  2 seco n d s fo r m e a su re m e n t 
a n d  a ccu racy  of 3%  o f re a d in g .

T y p ic a l a p p lic a tio n s  fo r  th e  
T 0 7 A  in c lu d e  b o th  R & D  a n d  p ro ­
d u c tio n  in su la tio n  m e a su re m e n ts  in  
a n a ly z in g  th e  v a rio u s  fa c to rs  a ffe c t­
in g  in su la tio n  re s is ta n c e . In c lu d e d  
in  th e se  m e a su re m e n ts  a re  h u m id ­
ity , te m p e ra tu re , im p u ritie s , v o lta g e  
coeffic ien t a n d  so fo rth . F u r th e r ,  
su rfa c e  c o n d itio n s  a re  a v a ila b le  b y  
u s in g  th e  re c o rd e r  o u tp u t.

T h e  T 0 7 A  is a lso  u s e d  to  m e a s ­
u re  th e  in su la tio n  r e s is ta n c e  of 
co m p o n e n ts  su ch  as sw itc h e s , p o ­
te n tio m e te rs , so ck e ts , tra n s fo rm e rs , 
a n d  o th e r  dev ices.
Rohde & Schwarz, 111 Lexington Ave,, 
Passaic, N.J., 07055. [375]

Data loggers record 
voltages digitally

T h e  d a ta  lo g g e rs , se ries  7100, a re  
in s tru m e n ts  fo r a u to m a tic a lly  m e a s ­
u r in g  v o lta g e s  fro m  o ne  o r m o re  
an a lo g  so u rces a n d  re c o rd in g  th e m  
in  d ig ita l fo rm  on  a p e rm a n e n t s to r ­
ag e  m ed iu m . T h e y  a re  c o m p a c t, 
c o m b in in g  all o f th e  u s u a l  d a ta  
a c q u is itio n  sy s te m  fu n c tio n s  in  o ne  
sm all in s tru m e n t, in c lu d in g  a  m u lt i ­
p lex er, d -c  am plifier, a n a lo g -to -  
d ig ita l c o n v e rte r, o u tp u t b u ffe r, 
d ig ita l clock, a n d  m a n u a l d a ta  e n ­
try .

W h e n  c o n n e c te d  to  a n y  o f five 
s ta n d a rd  ty p e s  o f re c o rd in g  d e ­
v ices, su ch  as ta p e  p u n c h e s , 
ta p e  re c o rd e rs , ty p e w rite rs , c a rd  
p u n c h e s , o r te le ty p e w rite rs , th e  
d a ta  lo g g ers  can  b e  u s e d  fo r  off­
lin e  d a ta  a c q u is itio n , u n a t te n d e d  
m o n ito rin g , q u a lity  c o n tro l s a m ­
p lin g , p ro d u c tio n  te s t  r e c o rd in g , 
a n d  a u to m a tic  p ro c e ss  co n tro l.

T h e  u n its  h a v e  5 to  100 in p u t  
c h an n e ls , s c a n n in g  sp e e d s  fro m  
0 to  30,000 ch a n n e ls  p e r  se c o n d , 
co n v ersio n  ra te s  to  25,000 h z , a n d  
an  acc u ra cy  a n d  lo n g -te rm  s ta b il i ty  
o f ± 0 .0 1 % . T h e  s ta n d a rd  in s t r u ­
m e n ts  h av e  a p a n e l h e ig h t o f 7  in ., 
m o u n t in  s ta n d a rd  19-in. c a b in e ts , 
a n d  o p e ra te  ov er th e  te m p e ra tu re
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•  Centrifugal blower performance in a 
compact axial flow fan • Long mainte­
nance-free life •  Designed to meet UL 
specifications (when thermally-protected)
•  Five bladed air foil propeller design of 
polycarbonate • Aluminum spider • 
Fire retardant construction throughout
•  Weighs only 5 pounds • GO cps per­
formance on 50 cps (Model TN2) •  Ball 
bearings —  lubricated for life.

'x _CE 
-  BL

\ V OWER

\ ‘\

A TARZAN

\

Write for design and performance details. 
Priced as low as $23.50 in quantity.

ROTRON

ROTRONM A N U F A C T U R IN G  
C O M P A N Y , IN C .  

WOODSTOCK, NEW YORK Oriole 9-2401
West Coast: Rotron/Pacific, Glendale, Calif. 
Canada: Aerovox Canada ltd., Hamilton, Ont. 
Rotron Europa N.V. Breda, The Netherlands

3 5 0  cftn 
perform ance  

fro m  thts new
C O m p a C t  (7  S Q U A R E )

TARZAN™
F A N

WITH NEW, PATENTED
a e r o d y n a m ic
d e s ig n

* Exclusive “ air pump”  motor cooling 
for longer operating life

New Instruments

ra n g e  of 0° to  + 5 0 ° C .
P ric e  is in  th e  $5,500 ran g e ; a v a il­

a b ility , 60 days.
Control Equipment Corp., 19 Kearney 
Road, Needham Heights, Mass., 02194. 
[ 3 7 6 ]

D-c digital voltmeter 
with reading storage

A n all so lid  s ta te  d ig ita l v o ltm e te r  
fe a tu re s  ± 0 .0 5 %  re a d in g  ± 1  d ig it, 
re a d in g  tim e of 0.6 seco n d  filte red  
20 m sec  w ith  filter b y p a sse d , co n ­
s ta n t  in p u t im p e d a n c e  of 10 m e g ­
o hm s, au to m a tic  p o la rity  se lec tio n  
a n d  in d ica tio n s a n d  B C D  o u tp u t.

A  re a d in g  s to ra g e  fe a tu re  p ro ­
v id e s  b id ire c tio n a l tra c k in g  w ith ­
o u t b link ing . T h e  m e te r  is o f m o d u ­
la r  c o n stru c tio n  a n d  co n sis ts  of a 
b a s ic  u n it an d  p lu g -in s  specific  to 
th e  m e a su re d  p a ra m e te r.

M odels 251 an d  252 w ith  th e ir  
a p p lic a b le  p lu g -in s  a re  m u ltira n g e  
d ig ita l  v o ltm ete rs . T h e  251 is c h a r ­
a c te rized  b y  re so lu tio n  to  1 p a r t  in
10.000 (0.01% ) a n d  th re e  ra n g e s—  
9.999, 99.99 an d  999.9 v.

R eso lu tion  to  1 p a r t  in  3,000 a n d  
ra n g e s  for 2.000, 20.00, 200.0 a n d
1.000 v  are b a s ic  to  th e  m o d e l 252. 
B ecau se  of its fa s t re a d in g  tim e  
(20 m sec), th e  252 is w ell su ite d  
fo r in co rp o ra tio n  in  sy stem s a p p li­
ca tions.

B asic  m odel 251 lis ts  fo r $525; 
a n d  th e  252, fo r $435. T h e  p lu g -in  
u n its , 251-1 an d  252-1, lis t fo r $150 
each .
United Systems Corp., 918 Woodley 
Rd., Dayton, Ohio, 45403. [377]

Signal generators 
with coded f-m output

F -m  rece ivers can  now  b e  ca li­
b ra te d  w ith  a  se lf-co n ta in ed , p o r t­

ab le  s ig n a l g en e ra to r. S eries 1041 
u n its  a re  c ry s ta l co n tro lled , com ­
p a c t  in s tru m e n ts  fo r te s tin g  rece iv ­
ers, d e c o d e rs  a n d  o th e r co m p o n en ts  
o f c o m m an d  con tro l, te lem e try  and  
sim ila r sy s tem s o p e ra tin g  in e ithe r 
th e  1435-1535 or 2200-2300 M hz 
b a n d s . T h e  c o d ed  f-m  o u tp u t of the 
s ig n a l g e n e ra to rs  m ay  b e  ap p lied  
d ire c tly  to  re c e iv e r/d e c o d e rs  to  d e ­
te rm in e  se n s itiv ity , d e c o d e r re ­
sp o n se  a n d  sim ila r c h a ra c te ris tic s . 
T h e  g e n e ra to rs , w ith  a s im p le  a n ­
te n n a , m ay  b e  u s e d  as a c a lib ra te d  
lo w -p o w er tra n sm itte r  to  m easu re  
over-a ll sy s tem s p erfo rm an ce .

T h e se  s ig n a l g e n e ra to rs  p ro v id e  
an  in te rn a l 10 -channel co d er for 
f re q u e n c y -m o d u la tin g  th e  r-f s ig ­
nal. T h e  r-f o u tp u t of th e  signal 
g e n e ra to rs  is p rec ise ly  c a lib ra te d  in 
c a rr ie r  fre q u e n c y , a m p litu d e  and  
d e v ia tio n  to  la b o ra to ry  in s tru m e n t 
accu racy . T h e  in s tru m e n t w eighs 
17 lb s  a n d  is c o n ta in e d  in  a ru g g ed , 
w a te r t ig h t  a lu m in u m  case  th a t 
m e a su re s  8 x 14 x 9 in.

T h e  1041 is d e s ig n e d  fo r u se  in 
th e  field, lab o ra to ry , o r on th e  p ro ­
d u c tio n  te s t  lin e  fo r ra p id  a n d  ac ­
c u ra te  te s tin g . I ts  a -c /d -c  p o w er 
su p p ly  p e rm its  it to  b e  c a rr ie d  from  
th e  te s t  b e n c h  in to  th e  field  for 
confirm ing  fligh t re a d in e ss  of com ­
m a n d  or te le m e try  e q u ip m e n t in ­
s ta lla tio n s .
RS Electronics Corp., 795 Kifer Road, 
Sunnyvale, Calif., 94086. [378]

1C card tester 
operates rapidly

A n in te g ra te d  c irc u it ca rd  te s te r , 
m o d e l 1569, can  b e  su p p lie d  w ith  
s im p le  a d a p te rs  th a t  a llow  ra p id , 
go-no-go , p ro g ra m a b le  te s tin g  of 
any  D T L  or T T L  log ic  card . T he  
a d a p te rs  can  a lso  b e  easily  fab ri-
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Great editorial is something he takes to a meeting
(W ha t a c lim a te  fo r  ge lling !)

Electronics
A McGraw-Hill M a r k e t - D ir e c te d  Publication 

330 West 42nd Street, New York, N.Y. 10036
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New Instruments

N ew  
C D S  T ype 6C
PHOTOCHOPPER CELLS

•  High Efficiency

• Low Temperature Coefficient

•  Resistance Tolerance ± 5 0 %

• Internal Electrostatic Shielding

iOumet Leads

CLAIREX
"The L IG H T Touch in Autom ation and Control 

v1239 Broadway, New York, N. Y. 10001 
212 MU  4-0940

Write for new 
4-page Bulletin 
110/170 866

Circle 212 on reader service card

111, 0 0 0 ,0 0 0  CYCLES 
A N D  STILL GOING STRONG!

Long a fte r  an ordinary solenoid would have pounded
its e lf out o f  operation, this

FEATURES
•  Low cost

•  Extreme long life

•  Low residual force

•  12 VDC-24 VDC 
(other voltage special)

•  Various duty cycles

•  Pull type only

•  Simplified stud mount 
(mounting hardware 
included)

Dormeyer Tubular Solenoid'
is s till functioning.

To this incredibly long life and complete dependability, 
add an exquisite simplicity of design that cuts production 
cost and permits a selling price far less than you would 
pay for comparable units—if any were available.
The result—suddenly a whole new series of OEM and com­
mercial design applications become feasible!
Learn more about these new DORMEYER TUBULAR 
SOLENOIDS—they will help you solve many a design 
problem! Free engineering data available!

♦Patents applied for

D O R M E Y E R  I N D U S T R I E S
3 4 4 6  Milwaukee Ave., Chicago, III. 6 0 6 4 1

:
o n s j v r e y e r  j r ~ 3 © ö e * i < 2 a M J i * j r

c a te d  b y  th e  cu s to m er, if d esired .
T h e  in s tru m e n t can  p e rfo rm  as 

a  s in g le  o p e ra tio n  te s t involv ing  
as  m a n y  as 16 in d iv id u a l, se lf-se­
q u e n c in g  s te p s  re q u ir in g  less th a n  
3 se c o n d s  to ta l te s t  tim e. T h e  se­
q u e n c e  is  p ro g ra m e d  b y  in se rtio n  
of p a tc h  co rd s  in to  a p a tc h  p a n e l 
on  th e  u n it. F o r  h ig h  vo lum e, re ­
p e tit iv e  te s tin g , p re p a tc h e d  p an e ls  
can  b e  su p p lied . S te p p in g  o p e ra ­
tio n  is p e rfo rm e d  b y  a ro ta ry  s te p ­
p in g  sw itc h  w ith  g o ld -p la ted  co n ­
ta c ts . T h e  u n it  a u to m a tica lly  s to p s 
a t  an y  s te p  w h e re  th e  te s t  b o a rd  
fa ils.

T h e  te s t  u n it  p ro v id es a  check  
o f  log ic  fu n c tio n  o p e ra tio n  as w ell 
a s  v o lta g e  levels. G o-no-go in d ic a ­
to rs  d isp la y  w h e th e r  a specific  fa il­
u re  is o ne  of logic fu n c tio n  o r of 
lo g ic  v o lta g e  level. A c o u n te r  in ­
d ic a to r  on th e  c a rd  te s te r  a llow s 
th e  o p e ra to r  to  d e te rm in e  th e  ex­
a c t  m a lfu n c tio n  in  th e  IC  b o a rd  
b e in g  te s te d . A lso, a s in g le -s tep  
te s t  sw itc h  is p ro v id e d  for d e ta ile d  
tro u b le -sh o o tin g  of the  te s t  b o a rd .

By u tiliz in g  b o a rd s  w ith  te s t 
so ck e ts , th e  te s te r  can  b e  u s e d  fo r 
ch e c k in g  o th e r  e lec trica l c o m p o ­
n e n ts  as  w ell as in te g ra te d  c ircu its . 
Wyle Laboratori°s, Products division, 
133 Center St., El Segundo, Calif. [379]

Single-band sweeper 
uses less than 150 w

S w e e p  o sc illa to rs , d e s ig n a te d  6400 
se rie s , o ffer th e  a d v a n c e d  fe a tu re s  
of th e  650 se rie s  in s in g le -b a n d  
u n its  w o rk in g  in  th e  1 to  40 G hz 
fre q u e n c y  sp ec tru m . T h e  new  
se rie s  offers p e rfo rm a n c e , o p e ra ­
tio n a l s im p lic ity , a n d  v e rsa tility  
u n m a tc h e d  b y  any  o th e r  single-
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Siemens Polystyrene 
‘Styroflex” Capacitors
Mica” properties at “paper” prices
Inique properties of Polystyrene and the
le thod  of m anufacture deve loped by 
iiemens (The polystyrene is stretched and 
tabilized in the stretched condition before 
'inding. After winding, special heat treat- 
lent shrinks the film, forming a hard, stable 
ody.) results in low cost STYROFLEX 
apacitors which offer:

leliability: 1) against voltage breakdown 
assured by tests on each unit at 3.3 times 
ated voltage). 2) in the microvolt range (as- 
ured by positive welded contacts between 
ail and leads).

tability against change in capacitance 
ver long periods of time is one result of the 
olidity and hardness of the capacitors... 
roduced bythe special film shrinking manu- 
acturing process.

ow Self-Inductance: values as low as for
xtended-foil construction.

ow Dissipation Factor: usually even lower 
lan for mica capacitors, making them espe- 
ially suitable for filter circuits.

ligh Resistance to Humidity: polystyrene 
as the lowest water absorption coefficient 
f all capacitor dielectric materials.

lighest Insulation Resistance: higher than 
ar any other kind of dielectric.

nmediate Shipment: substantial stocks are 
eld in White Plains, N.Y. FREQUENCY (c/s)

Low dissipation factor (usually even 
lower than for mica capacitors) is 
provided by Styroflex capacitors... 
making them specially suitable for 
filter circuits.

SIEMENS AMERICA INCORPORATED
Components Division
230 Ferris Avenue, White Plains, N.Y.

Electronics | November 28, 1966

In Canada:

SIEMENS CANADA LIMITED
40 7  McGill Street, Montreal 1, P.Q.
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New Instruments

How wide is a
wideband amplifier?

100 HZ 10 200 MHZ

Look at the unique MRC Solid State Vidamite

H e re  is  a n  a m p li f ie r ,  
ju s t  1 .75" x 2 .7 5 " x 
2 .25" in  s iz e , th a t  
g iv e s  y o u  30 d B  g a in  
f r o m  100 H z  t o  200 
M H z . T h e  V id a m ite  
w e i g h s  o n l y  3 .5  

o u n c e s  a n d  o p e ra te s  o n  12 v o l ts  w ith  
60 m il l ia m p s  o f  c u r re n t .  T h is  10 c u b ic  
in c h  a m p l i f ie r  is  a n  e x c e lle n t  d e m o n ­
s t r a t io n  o f  M R C 's  c a p a b i l i ty  t o  ta k e  th e

n e w  s o l id  s ta te  te c h n o lo g y  a n d  a p p ly  
i t s  re lia b i l i ty  b e n e f its  to  c o m p a c t  a m ­
p l i f ie r s .

D o  y o u  h a ve  a n  a p p lic a t io n  f o r  a 
s p e c ia l w id e b a n d  a m p li f ie r?  L e t u s  
k n o w  a n d  w e 'l l  be  g la d  to  h e lp . O r  
w r i te  f o r  d e ta ils  a b o u t  o u r  s ta n d a rd  l in e  
o f  w id e b a n d  a m p lif ie rs .

W r i te  C o n d u c tro n  — M R C  D iv is io n ,  
2311 G re e n  R oad , B o x  614, A n n  A r b o r ,  
M ic h ig a n  48107. A s k  fo r  b u lle t in  1 3 A .

C O N D U C T F t O i M  - / M R C  D i v i s i o n

A N N  A R B O R ,  M IC H IG A N

Circle 174 on reader service card

BSEE or BSME-Reliability design review:
Experienced with small electrical components and semiconductors. Prepare 
procurement, test and design specifications.

BSEE-Reliability analysis:
Experienced in circuit design and analysis. Perform detailed reliability 
analyses of complex electronic parts and circuits and recommend improve­
ments in design reliability.

BSEE-Reliability test engineering:
Prepare test procedures for electrical and electronic packages and coordi­
nate procedures with test laboratories, conduct proofing of test procedures 
and test equipment.

BSME-Reliability and inspection:
Perform mechanical and structural reliability analyses. Provide for inspec­
tion planning and review prints to determine inspection attributes. Experi­
ence in metallurgy and NDT helpful.

Non-destructive testing:
Background in electronics and applied physics plus knowledge of instru­
mentation related to the use of X-rays, sound waves, electrical fields 
and optics.
Write Mr. K. R. Kiddoo, Professional Placement Manager, Lockheed Missiles 
& Space Company, P.O. Box 504, Sunnyvale, California. An equal oppor­
tunity employer.

M I S S I L E S  &  S P A C E  C O M P A N Y
A GROUP DIVISION OP LOCKHEED AIRCRAFT CORPORATION

b a n d  sw eep e r, ac c o rd in g  to  the  
m a n u fa c tu re r . A fu ll line of g rid  
a n d  p -i-n  d io d e  lev e led  u n its  w ith  
e ith e r  in te rn a l o r ex te rn a l sam p lin g  
is offered .

F e a tu re s  in c lu d e  50-db  c o n tin u ­
ous p o w e r co n tro l ran g e , leve led  
o r u n lev e led . T h e se  in d e p e n d e n tly  
c o n tro lle d  r-f m ark e rs  a re  ava ilab le  
in  b ro a d -b a n d  sw eep , tw o in  n a r ­
ro w  b an d .

B ec a u se  6400 series  in s tru m e n ts  
u se  le ss  th a n  150 w  of p o w er an d  
do n o t n e e d  a b lo w er, th ey  are  
su ite d  fo r 5 0 /4 0 0  h z  o p e ra tio n  in 
a irb o rn e  or re m o te  ap p lica tio n s . 
B -f o u tp u t fre q u e n c y  an d  m ark er 
a c c u ra c y  is b e t te r  th a n  1% . F re ­
q u e n c y  s ta b ility  is b e tte r  th a n  
0 .01% . R e s id u a l f-m  ra n g e s  from  
0.001%  to 0 .003% , d e p e n d in g  on 
th e  b an d .
Alfred Electronics, 3176 Porter Drive, 
Palo Alto, Calif. [380]

Pressure transducer 
meets aerospace needs

A so lid  s ta te , s tra in  gag e  p re s su re  
tra n sd u c e r , th e  T F -555 , is ru g g e d ly  
c o n s tru c te d  of s ta in le ss  s tee l for 
s tr in g e n t a e ro sp a c e  ap p lic a tio n s . I t  
w e ig h s  on ly  5 oz  y e t p ro v id es a fu ll 
sca le  o u tp u t of 5 v  d -c  w h ile  d ra w ­
in g  on ly  5 m a  c u rre n t  fo r an  in p u t 
v o ltag e  of 24 to  34 v d-c over th e  
co m p le te  c o m p e n sa te d  te m p e ra tu re  
ra n g e  of — 65° to  +  250°F .

T h e  T F -555  is a v a ilab le  in a p re s ­
su re  ra n g e  of 0 to  50 th ro u g h  0 to
10,000 p s i g ag e  o r ab so lu te . S ize is 
1.25 in. in  d ia m e te r  x 2.30 in. in  
len g th . C o m b in e d  lin ea rity , h y s ­
te re s is  a n d  re p e a ta b ili ty  e rro r  is 
z t  0 .25%  a t  a m b ie n t te m p e ra tu re  
co n d itio n s.
Fairchild Controls, a division of Fair- 
child Camera and Instrument Corp., 225 
Park Ave., Hicksville, N.Y. [381]
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CA.V.U/ IN

L V E N T

wa
The profit forecast for Solvent Iowa is 
clear. No storm clouds of state indebted­
ness or inequitable taxing to slow down 
future growth. State revenue spending is 
“ on the beam” — directed toward projects 
that w ill foster growth and progress. The 
labor picture, too, is bright and clear, with 
readily trainable men and women workers,

many educated by an area system of vo­
cational schools and community colleges. 
Space-age scientists provide technological 
train ing in state universities and private 
colleges. Iowa is a place where your com­
pany can really “ take off and fly.” Let 
us send you, in confidence, our report on 
profitable site location factors in Iowa,

115 OF FORTUNE’S TOP 500 FIRMS HAVE IOWA LOCATIONS

^Federal A v ia tion  Agency standard  a b b re v ia tio n  fo r 
“ Ceiling and vis ib ility  unlim ited.”

r ---------------------------------------------------------------------------------- 1
C o nfiden tia l

|  IOWA DEVELOPMENT COMMISSION
■ Dept. 5116, 250 Jewett Building 

I  Des Moines, Iowa 50309

I

Name 

I  Firm

l  ____________________________
■ Address

*  City State Zip

____________________________________________J
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New Subassemblies and Systems

Computer family has compatible software

Family planning h a s  b e e n  c h a ra c ­
te r is tic  o f m a n y  co m p u te rs  in tro ­
d u c e d  in  re c e n t years. B u t a  u se r  
m o v in g  from  a sm a lle r to  a  la rg e r  
c o m p u te r  in  som e of th e se  fam ilies  
som etim es finds th a t  h e  n e e d s  a  lo t 
o f so ftw a re  m o d ifica tio n — d e sp ite  
th e  fa c t th a t  fam ilies, b y  d efin itio n , 
a re  su p p o se d  to  b e  p ro g ra m -c o m ­
p a tib le .

N o w  th e re ’s a n e w  fam ily  o f co m ­
p u te rs  w ith o u t th is  p ro b le m — says 
th e  m a n u fa c tu re r , th e  D ig ita l 
E q u ip m e n t  C o rp . A t th e  F a ll  Jo in t 
C o m p u te r  C o n fe re n c e  in S an  F r a n ­
c isco  e a rlie r  th is  m o n th  th e  co m ­
p a n y  in tro d u c e d  its p d p -1 0  fam ily  
w h ic h  has five m ode ls  w ith  five 
levels o f so ftw are . A u se r  g o in g  
fro m  one m o d e l to  th e  n e x t la rg e s t 
n e e d s  on ly  a fe w  p ieces of h a rd w a re  
a n d  a n  a d d itio n a l so ftw a re  m o d u le .

T h e  sm allest m o d e l, th e  p d p - 
1 0 / 10, is fo r  th e  c u s to m e r w h o  
n e e d s  on ly  8,192 w o rd s  of m e m o ry  
a n d  can  m ak e  do  w ith  re la tiv e ly  
s lo w  p a p e r- ta p e  in p u t  a n d  o u tp u t. 
L a rg e r  m odels s te p  u p  th e  s ize  of 
th e  m em o ry , a d d  m a g n e tic  ta p e  
in p u t-o u tp u t  a n d  p ro v id e  fo r  m u lti­
p le  u sers  a n d  tim e -sh a rin g . T h e  
la rg e s t  m o d e l, th e  p d p -1 0 /5 0 , h a s  a  
m in im u m  32 ,768-w ord  m em o ry , a  
m a g n e tic  d isk  a n d  th e  so ftw a re  
n e e d e d  to  sw a p  p ro g ra m s in  a n d  
o u t of m em o ry  “ on th e  fly” as d if ­
fe re n t  u sers  re q u ire  th em .

N o t on ly  a re  th e  n e w  c o m p u te rs

c o m p a tib le  w ith in  th e  fam ily , th e y  
can  w ork  w ith  D ig ita l E q u ip m e n t’s 
p rev io u s  b ig  m ach ine , th e  tw o-year- 
o ld  p d p -6 . L ike  th e  p d p -6 , th e  n ew  
series has a  m em ory  d iv id e d  in to  
m o d u les  o f 8,192 w ords of 36 b its  
each . T h e  co m p u te r has se p a ra te  
access to  each  m em o ry  m o d u le  w ith  
o v e rla p p in g  capab ility ; a  cycle can  
b e g in  in  th e  second  m o d u le  b e fo re  
th e  first m o d u le ’s cycle is com ­
p le te d . T h e  n ew  m ach in es a re  faste r 
a n d  less expensive  th a n  th e  o ld  
p d p -6 :  a  1-m icrosecond  m em o ry
cycle  tim e  co m p ared  w ith  1.75 ^sec, 
a n d  p rices  ra n g in g  from  a b o u t 
$110,000 to  $1 m illion , versus $250,- 
0 0 0  to  $1 m illion  fo r th e  p d p -6 .

D e liv e ry  of th e  n ew  co m p u te rs  is 
sc h e d u le d  fo r n ex t S ep tem b er.

Specifications
Memory capacity

Word length 
Cycle time 
Add time 
Priority levels 

PDP-10/10 
PDP-10/20-50

From 8,192 to  262,144 
words 

36 bits
1 n s e c  
2.1 ,usec

2 
7

Digital Equipment Corp., 146 Main St., 
Maynard, Mass. [382]

Build your own 
special computer

A  sy stem s ap p ro ach  in  d ev e lo p in g  
a line  of d ig ita l in te g ra te d  c ircu it 
m o d u le s  m eans th a t en g in ee rs  can  
b u ild  th e ir  ow n  sp ec ia l-p u rp o se

c o m p u te rs  w ith o u t w o rry in g  a b o u t 
in te rfa c e  p ro b le m s, in c lu d in g  w ir ­
in g  a n d  n o ise , n o rm a lly  a sso c ia te d  
w ith  su ch  u n its .

T h e  M -se rie s  o f b u ild in g  b lo ck s 
in c lu d e s  m o re  th a n  30 ty p es  of c ir­
cu its— a lm o st ev ery  ty p e  of m o d u le  
n e e d e d  e x c e p t a c o m p u te r  m em ory . 
T h e  d io d e -tra n s is to r- lo g ic  c ircu its  
o p e ra te  from  d-c  to  2 m eg ah e rtz .

T h e  c irc u it b o a rd s  a re  m ad e  of 
epoxy  a n d  a re  3 b y  3.65 in ch es, w ith  
a 40-p in  e tc h e d  co n n ec to r. (T h e  
p h o to g ra p h  sh o w s an  o u tp u t level 
co n v erte r.)  E ig h t s ig n a l te s t p o in ts  
a n d  a g ro u n d  a re  b u i l t  in to  a h o u s ­
in g  on th e  m o d u le ’s h a n d le  fo r ea sy  
te s tin g .

M o u n tin g  is sim p lified  w ith  sp e ­
cia l b lo ck  a sse m b lie s  for g ro u p s  of 
10, 30 or 40 m o d u les . M o d u le  co n ­
n e c to rs  m o u n t in  p re d r ille d  h o le s , 
w ith  la m in a te d  b u s  b a rs  p ick in g  u p  
th e  c o rre c t p in  co n n ec tio n . T h e  b u s  
b a rs  a lso  se rv e  as 50-ohm  tra n s ­
m iss io n  lin es  fo r d is tr ib u tin g  clock 
s ig n a ls  w ith in  th e  fin ish ed  com ­
p u te r . C o n n e c to r  b lo ck s a re  d e ­
s ig n e d  fo r a u to m a tic  w ire -w ra p  a s ­
sem b ly  a n d  fit in to  ca ses  th a t  h o ld  
40, 120 or 400 m o d u les . All cases  fit 
s ta n d a rd  19-inch  racks.
Computer division, Raytheon Co., 2700 
S. Fairview St., Santa Ana, Calif. [383]

1C logic modules 
operate to 5 Mhz

T h e  In te r lo g ic  is a fam ily  of g en ­
e ra l p u rp o se , in te g ra te d  c ircu it 
log ic  m o d u les . T h e  lin e  fe a tu re s  
o p e ra tio n  to  5 M h z  w ith  low  p o w e r 
c o n su m p tio n  a n d  h ig h  im m u n ity  to  
no ise.

A ll In te r lo g ic  m o d u les  a re  epoxy  
g lass  p -c  b o a rd s  3.5 x 5.75 x 0.062 
in. a n d  h a v e  a ll o u tp u ts  a n d  in p u ts  
av a ilab le  a t  th e  p in s  of a  h ig h ly  
re liab le , h ig h -d e n s ity  72-p in  con­
n e c to r. M o n o lith ic  s ilicon  in te ­
g ra te d  c irc u its  a re  u s e d  fo r th e  
b a s ic  lo g ic  fu n c tio n s  a n d  h ig h  
q u a lity  d isc re te  c o m p o n e n ts  an d  
silicon  se m ic o n d u c to rs  a re  u se d  
w h e re  b e t te r  p e rfo rm a n c e  m ay  b e  
o b ta in e d  th ro u g h  th e  u se  of h y b r id  
c ircu its .

U se  of th e se  m o d u les  is sa id  to 
re su lt  in  a su b s ta n tia l re d u c tio n  in 
sy s tem  co sts  as w e ll as p e rm ittin g  
th e  d e s ig n e r to  c o n c e n tra te  on sys­
te m  a n d  lo g ic  re q u ire m e n ts  ra th e r  
th a n  o n  d e ta ile d  c irc u it  d e s ig n  an d
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A t t e n t i o n :  C o l l e g e  G r a d u a t e s  o n  t h e  M o v e

C o l l e g e s  a n d  U n i v e r s i t i e s  n o w  o f f e r  y o u

the G R A D  System
Computerized exposure of your 

resume with top employers 

coast to coast 

and at no cost to you.

The Grad System is a non-profit program devised 
by College Placement Directors and personnel 
officers in business, government and industry. 
Sponsored by the College Placement Council, 
the Grad System is a computerized placement 
service that gives immediate wide-spread exposure 
of your job specifications and experience to an 
outstanding group of interested employers.

TO RECEIVE YOUR FREE RESUME FORM, 

WRITE TO YOUR COLLEGE PLACEMENT 

DIRECTOR OR FILL OUT THE COUPON BELOW.

PLEASE SEND ME A GRAD PACK FOR MY FREE ENTRY 
INTO THE COLLEGE PLACEMENT COUNCIL’S GRAD SYSTEM

Name

Home Address

College

Degree Y ear

Send coupon to:

YOUR COLLEGE PLACEMENT OFFICE 

OR

THE DATA CENTER, ROOM 628  

THE COLLEGE PLACEMENT COUNCIL 

65 E. Elizabeth Avenue 

Bethlehem, Penna.
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ELG EN CO
Noise

Generators

Model 610A

SOLID STATE NOISE GENERATORS
M od el 6 0 2 A  5 c p s  to  5 m e, 3  R ang es  $  2 9 0  
M od el 6 0 3 A  5 c p s  to  5  m e, 3  R a n g e s  $  4 9 5  
M od el 6 1 0 A  5 c p s  to  5  m e, 8  R ang es  $ 1 ,1 7 5  

S e r ie s  6 2 4  (F ixed freq u e n c y ) 5  c p s  to  5 0 0  kc  
$ 2 4 5  to  $ 4 9 0 .  W rite  fo r  d e ta ils  o n  fre q u e n c y  
ra n g e s  a n d  s p e c tra l f la tn e s s .

VACUUM TUBE NOISE GENERATORS
M od el 3 0 1 A  DC to  4 0  c p s .................... $ 1 ,9 9 5
M odel 3 1 1A T w o  o u tp u ts  DC to

4 0  cp s  a n d  10  cp s  to  2 0  k c ........... $ 2 ,3 9 5
M od el 3 1 2 A  T w o  o u tp u ts  DC to

1 2 0  cp s  a n d  1 0  cp s  to  2 0  k c .  . . .$ 2 ,4 9 5
M odel 3 2 1 A  DC to  1 2 0  c p s ................. $ 2 ,0 9 5
M od el 3 3 1 A  1 0  c p s  to  2 0  k c .............. $ 1 ,2 7 5

Model 3602A

NOISE GENERATOR CARDS 
S eries  3 6 0 2 , 3 6 0 3 ,  and 3 6 0 6  $ 1 4 4  to  $ 3 8 9
V a r io u s  f r e q u e n c y  ra n g e s  a n d  o u tp u t  f l a t ­
n e s s  a v a ila b le .  S ize : 4 ! /2,' x 6 1/2 " x  1 " .  W r ite  
f o r  d e ta ils .

ENCAPSULATED NOISE SOURCE MODULES
S eries  1 6 0 2 , 1 6 0 3 , and 1 6 0 6 .  . $ 9 5  to  $ 3 4 0
V a r io u s  f r e q u e n c y  ra n g e s  a n d  o u tp u t  f l a t ­
n e s s  a v a ila b le ,  S ize : l % " x  l W x  W r ite  
fo r  d e ta ils .

E L G E N C O  INCORPORATED

1 5 5 0  E uc lid  S tre e t 
S a n ta  M o n ica , C a lifo rn ia  
P hone: (213) 4 5 1 -1 6 3 5  
T W X : (213) 8 7 9 -00 91

New Subassemblies

p a c k a g in g ; d e ta iled  In te rlo g ic  d oc­
u m e n ta tio n  is supp lied .

F u r th e r  re d u c tio n s  in  co st a n d  
s ize  a re  re a lized  b e c a u se  of In te r ­
lo g ic ’s re q u ire m e n t fo r on ly  -|-5  v 
d-c. A line  of sh o rt-c ircu it + 5  v  d-c 
p o w e r  su p p lie s  p ro v id in g  cu rre n ts  
from  2 to  25 am p s is p ro d u c e d  by  
th e  co m p an y  fo r u se  w ith  In te r ­
lo g ic  m odu les .
Information Control Corp., Abacus divi­
sion, 138 Nevada St., El Segundo, 
Calif. [ 3 8 4 ]

Gate generator 
provides 6 outputs

T h e  G G 200 ga te  g e n e ra to r  p ro v id es 
six o u tp u ts , in c lu d in g  sy stem  logic 
a n d  g a te  signals an d  th e ir  co m p le ­
m e n ts . D e lay ed  p o sitiv e  a n d  n e g a ­
tiv e  tr ig g e r  signals a t th e  en d  of 
e ach  g a tin g  cycle p e rm it th e  ga te  
g e n e ra to r  to  b e  u se d  as a  de lay  
g e n e ra to r.

T im in g  an d  ra te  a re  in d e p e n d e n t 
of each  o ther. G a tin g  tim e  ra n g e  is 
e x te n d e d  dow n to 100 n sec  an d  u p  
to  11 seconds in e ig h t o v e rlap p in g  
ra n g e s . T h e  tim ing  cycle m ay  b e  
s ta r te d  a n d  s to p p e d  b y  ± 5  v  to  
± 5 0  v  p u lse s  as w ell as log ic  s ig ­
n a ls , a n d  o u tp u t g a te  a n d  logic 
s ig n a ls  m ay  b e  v e to e d  b y  logic

s ig n a ls . A ll o u tp u ts  d rive  50-ohm  
lo a d s  a n d  a re  fu lly  p ro te c te d  fro m  
o v e rlo ad  d am ag e .
EG&G, Inc., 35 Congress St., Salem, 
Mass., 01971. [385]

Operational amplifier 
meets MIL-Q-9858A

F re q u e n c y  fo r fu ll o u tp u t o f 50 kh z  
ty p ic a l (35 k h z  m in im um ) a n d  m in i­
m u m  u n ity  g a in  b a n d w id th  of 10 
M h z  a re  fe a tu re s  o f th e  m o d e l D -9 
a ll-silicon  o p e ra tio n a l am plifier.

T h e  am p lifie r w as d e s ig n e d  to  
m e e t th e  n e e d  fo r a g e n e ra l p u r ­
p o se , m e d iu m -p o w e r o u tp u t, ± 1 0  
v  a t  5 m a, h ig h -fre q u e n c y  o p e ra ­
tio n a l am plifier. G u a ra n te e d  p e r ­
fo rm an ce  in c lu d e s  g a in  of 86 db , 
o ffse t c u rre n t of 20 na , v o ltag e  d rift 
of 20 u v /°C  a n d  n o ise  of 5 /j.v  rm s.

T h e  D -9  is p a c k a g e d  in  a m o ld e d  
epoxy  case , D /s x lVs x 0.625 in. 
h ig h , o p e ra te s  from  ± 1 5  v  s u p ­
p lie s , a n d  is m a n u fa c tu re d  to  th e  
re q u ire m e n ts  of M IL -Q -9858A . 
P ric e  fo r q u a n titie s  o f 1 to  9 is $31 
each ; fo r 10 to  24, $29 each .
Data Device Corp., 240 Old Country 
Road, Hicksville, N.Y., 11801. [386]

D-c amplifier has 
adjustable gain

A d-c  am plifier, m o d e l 102, h a s  
b e e n  a d d e d  to  th e  m a n u fa c tu re r ’s
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line  of in s tru m e n ta tio n  am plifie rs. 
A ll a re  s in g le -en d ed , f loa ting , so lid  
s ta te  am plifiers, w ith  se lf-c o n ta in e d  
fu lly  re g u la te d  p o w e r su p p lie s  a n d  
g u a rd  sh ie ld s . M o d e l 102 h a s  a 
co n tin u o u sly  a d ju s ta b le  v o ltag e  
ga in  of zero  to  u n ity .

U p  to  10 am p lifie rs  m a y  b e  in ­
s ta lled  in  a  s ta n d a rd  19-in. rack , 
re q u ir in g  on ly  3 %  in. o f ra c k  space . 
P rice  of th e  m o d e l 102 is $95.

O th e r m o d e ls  a re  av a ila b le  w ith  
ga in s of 0 to  100, b o th  sw itc h a b le  
an d  c o n tin u o u sly  v a ria b le . T y p ica l 
spec ifica tions in c lu d e  o u tp u t  of 
± 1 0  v  a t 100 m a, a n d  fre q u e n c y  
re sp o n se  of cl-c to  50 k hz . P rices  
ra n g e  from  $95 to  $250. 
Instrumentation Amplifiers & Supplies, 
Inc., 29 Newtown Road, Plainview, L.I., 
N.Y., 11803. [ 3 8 7 ]

Welded power filters 
meet Mil-F-15733E

P o w er filters a re  av a ila b le  w ith  
co m p le te ly  w e ld e d  seam s a n d  te r ­
m inals. T h e  1960-W  series  of rad io - 
f re q u e n c y -in te rfe re n c e  filters  m ee ts  
th e  re q u ire m e n ts  o f M il-F -15733E .

E a c h  filter ca se  is c o n s tru c te d  of 
14-gage m in im u m  co ld  ro lle d  steel. 
All seam s a re  c o n tin u o u s  in e rt-g as  
w e ld ed , in c lu d in g  th e  te rm in a ls  
th a t a re  sp ec ia lly  d e s ig n e d  fo r fas t, 
easy  field  se rv ic in g . T h e  te rm in a l 
a ssem b lies  a re  m a d e  of h ig h  
te m p e ra tu re , h ig h -a lu m in a -c o n te n t 
ceram ic. T h e  filters  a re  av a ilab le  
w ith  e n d  h o u s in g s  fo r in d iv id u a l 
m o un ting . F o r  m u ltic irc u it a p ­
p lica tio n s, an y  n u m b e r  can  b e  s u p ­
p lie d  in  a sing le  c a b in e t.

T h e se  filters  p ro v id e  an  in se rtio n  
loss o f 100 d b  m in im u m  over a  f re ­
q u e n c y  ra n g e  of 14 k h z  to  10,000 
M hz w h e n  m e a su re d  in a c c o rd a n ce  
w ith  M il-S td-220A . T h e y  a re  d e ­
s ig n ed  to  p ro v id e  c o n tin u o u s  24- 
h o u r o p e ra tio n  w ith o u t fa ilu re . 
Hopkins Engineering Co., P.O. Box 191, 
San Fernando, Calif., 91341. [ 3 8 8 ]

er the years Radio Materials Company 
maintained its leadership in the pro­

duction of ceramic disc capacitors. A com­
plete line offering outstanding quality has 

n the key to continuing growth.

ANDARD
e C, B, BA, JF, JL and JE

BMINIATURE )
SM, BT, TA and Magnacaps

GREENCAPS
Type CG, JG, and BG

SPECIAL
U.L. Listed Discaps, T.C. High 
Voltage, High K High Voltage 
and Dual Section By-Pass

SOLDER-IN 
T.C. DISCAPS

F o r a p p l ic a t io n  in  
e q u ip m e n t  w h e r e  
lead indu c ta n ce  e f­
fe c t s  m u s t  be  r e ­
duced to  an  ab so lu te  
m in im u m .

U.L. LISTED 
T.C. DISCAPS
be s p e c if ie d  w h e n  th e  

an  in te g ra l p a r t o f  an 
a n te n n a  c o u p l in g  n e tw o r k  
w he re  co m p lia n c e  w ith  U n d e r­
w r ite rs ' L a b o ra to rie s  s p e c if i­
c a tio n s  a re  re q u ire d .

D I S C A P S

t h e  c o m p l e t e  

C e r a m i c  D i s c  

l i n e

R A D IO  M A T E R IA L S  C O M P A N Y
A  D I V I S I O N  O F  P .  R .  M A L L O R Y  &  C O . ,  I N C .

G E N E R A L  O F F I C E :  4 2 4 2  W .  B r y n  M a w r  A v e . ,  C h i c a g o  4 6 , I I I .  
T w o  R M C  P l a n t s  D e v o t e d  E x c l u s i v e l y  t o  C e r a m i c  C a p a c i t o r s

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.

RECENTLY INTRODUCED

D I S C A P

CERAMIC
CAPACITORS
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Modular Integrated Circuit

A-to-d converter
10 bit parallel binary output 

10 microseconds conversion time
Model ADC-lOic is a plug-in Analog- 
to-Digital Converter with a 10 volt 
input range and contains a Clock, 
Reference Supply, Resistor Net­
work and Comparison Amplifier.

Also available

D - -A  converter
10 bit strobed parallel binary input 

1 microsecond settling time 
(same size as A-to-D converter)

Model DAC-lOic is a Digital-to- 
Analog Converter and contains a 
Storage Register and high-speed 
Strobe System, Internal Reference 
Supply, Resistor Network and out­
put Operational Amplifier.

Variations are available in input 
and ou tpu t ranges, converting 
speeds, number of bits, and trig ­
gering modes.

Pastoriza also provides compat­
ible Sample-and-Hold and M ulti­
p le x in g  Cards and A u x ilia ry  
Readout Equipment with self-con­
tained power supplies to facilitate 
matching these units to OEM and 
system applications.

Write fo r A-to-D and D-to-A 
Converter literature.

F g r -  P A S T O R I Z A

■  E L E C T R O N I C S ,  I N C .

385 Elliot St., Newton Upper Falls, Mass. 02164 
(617) 332-2131

New Microwave

Diode oscillators 
feature low noise

Tunnel diode oscillators, o p e ra tin g  
from  4 to 13 G hz, a re  m ech an ica lly  
tu n a b le  over any  d e s ire d  10 to  
20%  b a n d . T h ey  h a v e  low  f-m  
no ise , eq u a l to  2 to  3 h z /k h z  in  a  
fre q u e n c y  s lo t th a t  is 70 k hz  from  
th e  carrie r. T h is  n o ise  d e c reases  as 
s lo t fre q u e n c y  is in c reased .

F re q u e n c y  s ta b ility  is 0.02%  
m in im um  over th e  te m p e ra tu re  
ra n g e  from  — 30° to  - |-6 0 oC. T h e  
p u sh in g  figure  is 0.1 M hz p e r  10%  
ch an g e  in  a p p lie d  vo ltage. P u llin g  
figure  is 0 .01%  w hen  o p e ra tin g  
in to  a sh o rt c ircu it v a rie d  th ro u g h  
all p h a se s . O u tp u t p o w er is 0.1 
m w . A p re c is io n -tu n in g  m ech an ism  
h o ld s  th e  f re q u e n c y  a ccu ra te ly  d e ­
sp ite  shock, v ib ra tio n  or im p ro p e r 
h an d lin g . T h ese  o sc illa to rs  can  o p ­
e ra te  from  a 1.5-v m ercu ry  b a tte ry  
w ith  30 m a.

P rices a re  av a ilab le  from  th e  
m a n u fa c tu re r  on  re q u e st.

D elivery  is 60 to  75 days a fte r re ­
c e ip t o f o rder.
International Microwave Corp., River 
Road, Cos Cob, Conn., 06807. [391]

Twt amplifier boasts 
low weight

A trav e lin g -w av e  tu b e  am plifier 
d e s ig n a te d  th e  L-5088 is sm all an d  
lig h t for its  low  no ise  figure. T h e

tu b e  w e ig h s  1.8 lbs a n d  is 12.5 in. 
long . O p e ra tin g  a t 2 to  4 G hz, it 
h a s  a  ty p ic a l n o ise  figure  of 10 db  
a n d  a m ax im u m  no ise  figure  of 12 
db .

T h e  L -5088 fe a tu re s  p e r io d ic  p e r ­
m a n e n t m a g n e t fo cu sin g  a n d  all 
m e ta l-c e ra m ic  co n stru c tio n . I ts  
p o w e r  o u tp u t  is -)-7 d b m  m in im um  
a n d  its  sm a ll s ig n a l ga in  is 40 db.

R u g g e d  co n s tru c tio n  p e rm its  re ­
lia b le  p e rfo rm a n c e  u n d e r  th e  
en v iro n m e n ta l ex trem es of M IL -E - 
5400, C la ss  2, fo r a irb o rn e  e q u ip ­
m e n t. T h e  L-5088 is su ite d  for 
a p p lic a tio n  in  m issile , a ir  a n d  com ­
m u n ic a tio n s  sy s tem s, as w ell as 
o th e r  low  n o ise  ap p lic a tio n s  w h ere  
sm a ll s ize  a n d  lig h t w e ig h t a re  
im p o rta n t.

T h e  u n it  is also  av a ilab le  w ith  an 
in te g ra l p o w e r  supp ly .
Litton Industries, Electron Tube divi­
sion, 960 Industrial Rd., San Carlos, 
Calif., 94070. [392]

Bandpass filters 
have octave bandwidths

In te rd ig ita l  b a n d p a s s  filters, d e s ig ­
n a te d  se rie s  M S I, cover th e  1 to  
12 G h z  reg io n  in  oc tav e  b a n d s . 
P a s s b a n d  in se rtio n  losses ra n g e  
from  0.5 d b  to  0.6 d b  m ax im um  fo r 
th e  h ig h e r-fre q u e n c y  u n its , w ith  
a v sw r o f 1.6:1 to  1.7:1 m ax im um . 
T h e  60-db  a tte n u a tio n  p o in ts  a re  
ty p ic a lly  1.7 tim es th e  p a ssb a n d . 
T h e se  m in ia tu re  c o m p ac t p ack ag es  
com e e q u ip p e d  w ith  O SM  fem ale  
co n n ec to rs . A ty p ic a l 2-to -4-G hz 
filter, e x c lu d in g  co n n ec to rs , m e a s ­
u re s  2%  x 1%  x Vz in.

T h e  M S I series  b a n d p a s s  filters 
a re  co m p le m e n te d  b y  se ries  SI 
u n its  a v a ilab le  fro m  0.5 to  8.0 G hz, 
h a v in g  tu b u la r  lo w -p ass  filter ex­
te n s io n s  th a t  p ro v id e  60-db re jec ­
tion  to  21 G hz. T h e  SI se ries  n o r ­
m a lly  com e w ith  ty p e  N  fem ale
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co n n ec to rs , a n d  a re  1 in c h  h ig h . 
All u n its  a re  ru g g e d ly  c o n s tru c te d  
to  m e e t sev ere  e n v iro n m e n ta l c o n ­
d itions.

P rice  fo r th e  M S I se rie s  is $250; 
th e  SI series, $190 to  $250. D e liv e ry  
is 4 to  6 w eeks.
Microphase Corp., Box 1166, Green­
wich, Conn., 06831. [393]

Diode switch exhibits 
50-db isolation

A coaxial, so lid  s ta te  d io d e  sw itch  
b o a s ts  a  m in im u m  iso la tio n  of 50 
db . M o d e l M .T -3002 o p e ra te s  ov er 
th e  fre q u e n c y  ra n g e  o f 1,200 to  
1,450 M hz. T h e  s in g le -p o le  s in g le ­
th ro w  u n it  h as  a  ty p ic a l in se rtio n  
loss of 0.3 db  a n d  a m ax im u m  of 
0.5 db.

T h e  u n its  can  h a n d le  a  m ax im u m  
p eak  p o w e r of 1.0 kw ; m ax im u m  
c-w  p o w er of 2 w a tts ;  a n d  h a v e  a 
n o m in a l sw itc h in g  s p e e d  of 25 n sec .

O th e r  u n its  a re  a v a ila b le  a t  u h f  
an d  L -b a n d  fre q u e n c ie s .
Alpha Industries, Inc., 381 Elliot St., 
Newton Upper Falls, Mass. [394]

Interdigital diplexer 
meets MIL-E-5400

An in te rd ig ita l d ip le x e r  h a s  b e e n  
d ev e lo p ed  th a t a llo w s tw o  se ts  o f 
e q u ip m e n t of a d ja c e n t fre q u e n c y  
b a n d s  to  o p e ra te  w ith  one b ro a d ­
b a n d  an ten n a . I t  h a s  low  v sw r 
a n d  in se rtio n  lo ss  fo r  each  e q u ip ­
m en t se t in  its o p e ra tin g  b a n d  a n d  
also  p ro v id es  h ig h  iso la tio n  b e ­
tw een  e ach  e q u ip m e n t set.

F o r  b a n d  A, f re q u e n c y  is 650 to  
890 M hz; v sw r, le ss  th a n  2.5:1; in ­
se rtio n  loss, 1.5 d b . F o r  b a n d  B, 
fre q u e n c y  is 960 to  1,220 M hz; 
vsw r, 2.5:1 (1025 to  1220 M hz, 
1.6:1). Iso la tio n , b a n d  A to b a n d  B, 
is 65 d b ; b a n d  B to  b a n d  A, 30 db . 
T y p e  IM  d ip lex e r m e e ts  M IL -E - 
5400.
Transco Products, 4241 Glencoe Ave., 
Venice, Calif., 90291. [395]

General 
Electric 

can make 
50 million 

miniature pins 
a week.

You’ll get 
the pins 

you want 
when you 
want them.

Pins we’ve got, pins for plug-in relays, modules, etc. Cost? From 25c to 50c 
per thousand, roughly. It depends on what kind you w ant and we can make 
just about any kind you like. Dumet? Sure, and also copper, nickel, nickel 
clad copper, copper clad iron, nickel-iron-cobalt alloys too. Length can run 
up to a half-inch and sometimes more and diameters range between .015 
to .050 in. Ends are rounded and tolerances are held tightly. Need 50,000 or 
more? We’d sure like to hear from y o u . . .  because we can make 50,000,000 
miniature pins a week.

Write: General Electric Company, Lamp Metals & Components Department, 
21800 Tungsten Road, Cleveland, Ohio 44117, or telephone: (216) 266-3472.

GENERAL ELECTRIC
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New Production Equipment

System collects factory data

Production managers are  no  lo n g er 
as c o n te n t as  th e y  once  w e re  to 
re ly  on  fa c to ry  d a ta  th a t ’s w eek s or 
even  d ay s old. A t le a s t th a t ’s w h a t 
th e  A p p a ra tu s  d iv is io n  of T ex as In ­
s tru m e n ts  In c o rp o ra te d  c o u n te d  on 
w h e n  it  in tro d u c e d  a n e w  com ­
p u te r -b a s e d  sy s te m  fo r co llec tin g  
p ro d u c tio n  d a ta  in  a  w id e  v a rie ty  
of m a n u fa c tu r in g  o p e ra tio n s .

A ll ty p e s  o f  p ro d u c tio n  in fo rm a ­
tion  can  b e  h a n d le d  b y  th e  sy stem , 
p ro v id in g  a lm o s t in s ta n ta n e o u s  
re a d o u t on  su ch  p a ra m e te rs  as m a ­
te ria ls  flow , p ro d u c t  y ie ld  a n d  q u a l­
ity , in v en to ry , la b o r d is tr ib u tio n  
a n d  w o rk e r a tte n d a n c e , ac c o rd in g  
to  TI.

T h e  sy s te m  is d e s ig n e d  to  e lim i­
n a te  th e  d e la y s  a n d  e rro rs  c a u se d  
b y  p re s e n t  fa c to ry  ro u tin e s  th a t  re ­
q u ire  su c h  in fo rm a tio n  to  b e  first 
h a n d w r it te n  a n d  th e n  co n v e rte d  to  
a fo rm  s u ita b le  fo r d a ta  p ro cess in g . 
A m u ltip ro d u c t e le c tro n ic s  m a n u ­
fa c tu re r  w o u ld  find  th e  n e w  sy stem  
p a r tic u la r ly  u se fu l, t i  says.

As m a n y  as 40 re m o te  in p u t s ta ­
tio n s c a n  b e  tie d  in to  th e  u n i t’s 
c e n tra l d a ta -c o lle c tio n  s ta tio n  
w h e re  th e  d a ta  is a c c u m u la te d  and  
c o d e d  u s in g  fo rm a t-c o n tro l ca rd s 
p ro v id e d  b y  t i . T h e n  th e  in fo rm a­

tion  is se n t e ith e r  to  co n v en tio n a l 
s to ra g e  dev ices or fe d  d irec tly  in to  
an  on -line  co m p u te r. T ra n sm iss io n  
ov er te le p h o n e  lines gives th e  sy s­
tem  u n lim ite d  range .

E a c h  rem o te  in p u t s ta tio n , d e s ig ­
n a te d  m odel 956, can  ac c e p t in fo r­
m a tio n  from  th re e  sources. F ix e d  
d a ta  com es from  b o th  a s ta n d a rd  
80-co lum n p u n c h  ca rd  a n d  a 
p u n c h -c o d e d  p la s tic  p e rso n n e l 
id en tifica tio n  b a d g e . V ariab le  d a ta  
is e n te re d  from  a se t of th u m b ­
w h e e l sw itch es co n ta in in g  a lp h a ­
n u m e ric  sym bols. S ta tions h av e  
b a n k s  of e ith e r six or 12 sw itch es , 
w ith  s ta tio n s  fo r re a d in g  b a d g e s  
on ly  also  availab le .

T o  re c o rd  re c e ip t of m a te ria ls  on  
a  p ro d u c tio n  line, for exam ple , a 
p u n c h  ca rd  acco m p an y in g  th e  m a ­
te ria l fu rn ish e s  d a ta  on  type , q u a n ­
tity  a n d  stock  n u m b er. T h e  id e n ­
tifica tion  b a d g e  show s w ho  re ­
c e iv ed  th e  m ate ria l. T h u m b -w h ee l 
sw itch es  d ia le d  b y  th e  o p e ra to r  in ­
d ic a te  the  job fo r w h ich  th e  m a te ­
r ia l is d estined .

T h e  new  sy s tem  overcom es m an y  
of th e  p ro b lem s th a t  h av e  p la g u e d  
ea rlie r  d a ta -g a th e rin g  sy stem s, a c ­
c o rd in g  to  t i . T h e  rem o te  s ta tio n s  
u se  a n  o p tica l re a d e r, in s te a d  o f an

e le c tro m e c h a n ic a l re a d e r, fo r th e  
c a rd s  a n d  b a d g e s . T h is  allow s fa s ­
te r  tra n sm iss io n  ra te s  fo r th e  d a ta  
— 100 c h a ra c te rs  or c a rd  co lum ns 
p e r  seco n d . T h re e -q u a rte rs  of th e  
e le c tro n ic s  in  th e  sy s tem  is b u ilt 
f ro m  in te g ra te d  c ircu its ; th e  logic 
u se s  i c ’s only.

In  a d d itio n , th e  d a ta  is se n t se ri­
a lly  to  th e  c e n tra l d a ta -co llec tio n  
s ta tio n , d e s ig n a te d  m o d e l 957, over 
tw o -w ire  lin es— in s te a d  of in  p a ra l­
le l o v e r m u ltiw ire  cab les.

E r ro r  d e te c tio n  a t th e  c e n tra l s ta ­
tio n  is b y  c h a ra c te r , tra n sm iss io n  
a n d  p o w e r  fa ilu re . T im e, d ay  an d  
m o n th  co d es , rem o te  a n d  c e n tra l 
s ta tio n  codes, e rro r a n d  e n d  of 
tra n s a c tio n  codes a re  a u to m a tica lly  
e n te re d . T h e  sy stem  can  a lso  tra n s ­
m it in q u ir ie s  from  a rem o te  lo ca ­
tio n  to  th e  on-line  co m p u te r 
th ro u g h  a  te le ty p e w rite r. A c a th ­
o d e -ra y  tu b e  d isp lay  u n it  m a y  soon 
b e  a v a ila b le .
Apparatus division, Texas Instruments 
Incorporated, 3609 Buffalo Speedway, 
Houston, Texas 77006 [401]

Roller coater meets 
p-c industry needs

A ro lle r  co a te r is av a ilab le  fo r th e  
a p p lic a tio n  of p h o to re s is t  a n d  o th e r  
flu id  co a tin g s  to  flat p an e ls  a n d  
p r in te d  c ircu its . M ode l 630 is fu lly  
c o n v ey o rized  a n d  fe a tu re s  exclusive  
a u to m a tic  th ick n ess  con tro l, th e  
c o m p a n y  rep o rts .

T h e  m a c h in e  w ill u n ifo rm ly  co a t 
p a n e ls  u p  to  24 in. w id e  a n d  %  in. 
th ic k  in  a  sing le  p a ss  a t  ra te s  a d ­
ju s ta b le  from  8 to  20 linea l fe e t a 
m in u te . W a s te  of c o a tin g  flu id  is 
co m p le te ly  e lim in a te d  th ro u g h  th e  
u s e  o f a  c lo sed  re c irc u la tin g  flu id  
sy s te m  d e s ig n  a n d  a  u n iq u e  ro ll 
sea l d esig n .
Gyrex Products, Varo, Inc., 3003 Penn­
sylvania Ave., Santa Monica, Calif., 
90404. [ 4 0 2 ]
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New Materials

Tough plastic doesn’t burn

Acrylonitrile - butadiene - styrene
( a b s ) is an  in h e re n tly  to u g h , h a rd  
a n d  r ig id  p la s tic— so to u g h  th a t  it 
is u se d  fo r m o ld in g  te le p h o n e  h o u s­
ings. H ow ever, i t  w ill b u rn  slow ly  
un less i t  is sp ec ia lly  c o a ted . R e ­
cen tly , p o ly v in y lc h lo rid e  ( p v c ) has  
b e e n  a d d e d  to  m a k e  th e  p la s tic  se lf­
ex tingu ish ing , b u t  pvc  a lso  m akes 
th e  m a te ria l h a rd  to  w o rk  w ith .

T h e  M arb o n  C h e m ic a l d iv ision  of 
th e  B o rg -W arn e r C o rp . is n o w  m a r ­
k e tin g  an  abs p la s tic  th a t  it says is 
b o th  se lf-ex tin g u ish in g  a n d  easy  to  
process. M arb o n  calls C y co lac  k m  
th e  “first tru e  abs m a te r ia l” th a t  is 
se lf-ex tingu ish ing .

In  a d d itio n , th e  c o m p a n y  says, 
th e  k m  g ra d e  is ea s ie r  to  m o ld  th a n  
o th e r abs p lastics. I t  flow s a t  te m ­
p e ra tu re s  o f 380° F  to  4 6 0 ° F  a n d  can  
b e  m o ld e d  in  sc rew  o r ra m  m a ­
chines.

A t 2.36 cen ts a  c u b ic  inch , M a r­
b o n  says C yco lac  k m  is 36%  m o re  
expensive  th a n  pv c , b u t  65%  less 
expensive  th a n  se lf-ex tin g u ish in g  
p o ly c a rb o n a te  a n d  52%  less th a n  
se lf-ex tingu ish ing  ny lon .

M arb o n  is field  sa m p lin g  C yco lac  
k m  in  “close to  100 a p p lic a tio n s ,” 
w h e re  h ig h  te n s ile  s tre n g th  a n d  
h ig h  im p a c t s tre n g th  a re  n e e d e d . 
T h e  m a te r ia l is b e in g  u se d  fo r a  
co m p u te r jo g g le r t r a y  (sh o w n

Specifications

Tensile strength 
Tensile modulus 
Izod im pact strength 

notched 
unnotched 

Heat distortion 
unannealed 
annealed 

Price

5,200 psi at 73°F 
300,000 psi at 73°F

2.1 f t  Ib / in  a t 73°F 
27 ft  Ib / in  at 73°F

Vz in. at 179°F, 264 psi 
l/z  in. at 204°F, 264 psi 
0.55 cents per pound

a t  th e  le f t ) ,  re su ltin g  in  lo w er cost 
a n d  fa s te r  p ro d u c tio n  th a n  possib le  
w ith  a s im ila r p lastic . I t  is also  b e ­
in g  u se d  fo r sw itch  housings.
Marbon Chemical division, Borg- 
Warner Corp., Washington, W.Va. [406]

Ceramic gold coating 
has high conductivity

GOLD COATING
MONOLITHIC SILICON CHIP

GOLD SILICON EUTECTIC ALLOY 
BONDING LAYER

A ceram ic  go ld  c o a tin g  h a s  b e e n  
d ev e lo p ed  fo r silicon  in te g ra te d  c ir­
cu it a p p lica tio n s . T h e  8800B c o a t­
ing, a f te r  ap p lic a tio n  to  ceram ic  
su b s tra te , m akes p o ss ib le  d ire c t a t­
ta c h m e n t of g o ld b a c k e d  silicon  
sem ico n d u c to r ch ip s w ith o u t th e  
n ecess ity  o f u s in g  go ld  or gold- 
alloy p re fo rm s. A tta c h m e n ts  m ay  
b e  m ad e  b y  u ltra so n ic  b o n d in g  or 
sim ple  s c ru b b in g  of th e  silicon 
ch ip  a g a in s t th e  co a tin g  a t  a b o u t 
400°C  u n d e r  n itrogen .

I t  fe a tu re s  ex trem ely  h ig h  co n ­
d u c tiv ity  a p p ro a c h in g  th a t  of ce­
ram ic  silver p re p a ra tio n s , a c co rd in g  
to  th e  m an u fa c tu re r , a n d  m ay  be 
u se d  in fla tpack  an d  T O -5  con ­
stru c tio n s. I t  is su ita b le  fo r silk 
sc reen in g  a n d  m ay  b e  d ilu te d  w ith  
b u ty l c a rb ito l ace ta te  fo r o th e r  a p ­
p lica tions.

T he  p a s te  h as  a p eak  te m p e ra tu re  
firing  ra n g e  from  850°C  to  1050°C , 
an d  a d h e res  read ily  to  ceram ic  
su rfaces, in c lu d in g  h ig h  a lu m in a  
bo d ies , bery llia , s te a tite  a n d  titan - 
ates. T he  re s is ta n c e  of a 1 -m il-th ick  
film is less th a n  0.02 o h m /sq u a re .

T h e  m a te ria l is a v a ilab le  from  
stock  fo r $51 p e r  tro y  oun ce  in 
p ro d u c tio n  q u a n titie s . A sam p le  
1-oz ja r is av a ilab le  fo r $65. 
Electro-Science Laboratories, Inc., 
1133-35 Arch St., Philadelphia 7, Pa. 
[407]

Circle 183 on reader service card-

k n o t
it

t w i s t
it

b e n d
it

HYGRADE

F i b e r g l a s s  S l e e v i n g
can fake it! It's a tough and extremely 
flexible insulating material. This Class B 
insulation combines the advantages of an 
inorganic fiberglass base with a heat re­
sistant, tough, flexible plastic insulation. 
It provides excellent electrical character­
istics, chemical resistance, heat stability, 
abrasion and cut-through resistance. 
Hygrade VF is recommended for continu­
ous operation at temperatures up to 
130°C. Write for samples, data and prices.

L FRANK MARKEL & SONS
Norristown, Pennsylvania 19404

INSULATING TUBINGS AND SLEEVINGS
HIGH TEMPERATURE WIRE AND CABLE



New Books

Picking up signals
Signal Detection Theory
John C. Hancock and Paul A. Wintz
McGraw-Hill Book Co., 247 pp., $11.75

S ig n a l d e te c tio n  b a s e d  on  s ta tis tic a l 
th e o ry  is an  e s ta b lis h e d  d isc ip lin e  
a n d  n e a r ly  e v e ry  m ajo r u n iv e rs ity  
offers a t  le a s t  o n e  g ra d u a te  co u rse  
on th e  su b jec t. H o w ev er, th e re  are 
fe w  boo k s w h ic h  co v er d e te c tio n  
th e o ry  ex c lu s iv e ly  th a t  a re  su ita b le  
as te x ts— m o st a re  re se a rc h  m o n o ­
g ra p h s  a n d  g ive  li t t le  co n s id e ra tio n  
to  ap p lic a tio n s .

H a n c o c k  a n d  W in tz ’s b o o k  fills 
th e  void . T h e y  h a v e  d o n e  a c re d it­
ab le  job  of w r it in g  a c o h e re n t tex t 
th a t  in c lu d e s  m o d e rn  to p ic s , a p p li­
c a tio n s  a n d  a co llec tio n  of p ro b ­
lem s. N o t o n ly  is i t  su ita b le  fo r 
se co n d -y ea r g ra d u a te  s tu d e n ts  in 
co m m u n ica tio n s  th eo ry , b u t  i t  can  
b e  re c o m m e n d e d  to  te a c h e rs , r e ­
se a rc h e rs  a n d  p ra c tic in g  e n g in ee rs  
in te re s te d  in  c o m m u n ic a tio n s  p ro b ­
lem s. A k n o w le d g e  of m u ltid im e n ­
sio n a l ra n d o m  v a r ia b le s  (G au ss ian ) 
a n d  som e m a trix  th e o ry  is n eed ed .

T h e  a u th o rs  d e v e lo p  sa m p lin g  
a n d  m a trix  m o d e ls  o f g e n e ra l c h a n ­
ne ls, th e n  g ive  th e  b a s ic s  o f c lassica l 
s ta tis tic a l d e c is io n  th eo ry . In  se p ­
a ra te  c h a p te rs  on  s e q u e n tia l d e te c ­
tion  a n d  th e  e s tim a tio n  of p a ra m ­
e te rs , d isc re te  sa m p le d  o p e ra tio n s  
a re  a s su m e d  in  d e v e lo p in g  th e  
e q u a tio n s— a d e p a r tu re  from  th e  
u su a l tre a tm e n ts  u s in g  th e  K ar- 
h u n e n -L o e v e  e x p an sio n . T h e  re ­
su lts  o f th e  b o o k ’s an a ly se s , th e re ­
fore , can  b e  fe d  d ire c tly  in to  
a d ig ita l  co m p u te r .

T h e  la t te r  p a r t  o f th e  b o o k  is 
c o n c e rn e d  w ith  th e  tim e ly  a n d  im ­
p o r ta n t  to p ic s  o f s ig n a l d e tec tio n  
u n d e r  c o n d itio n s  th a t  a re  n o t  ideal. 
E m p h a s is  is p u t  on  a d a p tiv e  re ­
ce ivers b a s e d  on  b o th  dec ision - 
d ire c te d  s tra te g ie s  a n d  s tra te g ie s  
th a t  a re  n o t  d e c is io n  d ire c te d . R e­
su lts  w ith  th e  tw o  te c h n iq u e s  are 
c o m p a re d  fo r  a  c h a n n e l w ith  u n ­
kn o w n , o r ra n d o m , gain .

O p tim u m  d e te c to rs  a re  d e riv ed  
fo r s ig n a ls  tr a n s m it te d  th ro u g h  
lin ea r, ra n d o m ly  tim e -v a ry in g  c h a n ­
nels. T a k in g  th e  c h a n n e l sam p lin g  
m o d e ls  d e v e lo p e d  ea rlie r , d e te c to rs  
a re  d e r iv e d  fo r “ ra k e ”  re c e iv e rs  (for 
s ig n a ls  t r a n s m it te d  th ro u g h  th e

io n o sp h e re , th u s  su b je c te d  to  m u lti- 
p a th  in te rfe re n ce ); m u ltilink , o r d i­
v e rs ity , re c e iv in g  sy stem s a n d  s to ­
c h a s tic  rece iv ers  (for d e te rm in in g  
w h ic h  ra n d o m  sig n a l h a s  b e e n  re ­
ceived).

T h e  vo lum e co n c lu d es w ith  an  
in te re s tin g  d isc u ss io n  of d e te c tio n  
te c h n iq u e s  th a t  invo lve a  le a rn in g  
fe a tu re — w h e re  p a s t  ev en ts  in flu ­
en ce  fu tu re  ac tio n s . A lso in c lu d e d  
a re  tw o  a p p e n d ix e s— one on H il­
b e r t  tra n sfo rm s  a n d  an o th e r  on  
w av efo rm s.

A lth o u g h  m o st o f th e  top ics  c o n ­
s id e re d  to  b e  in  th e  p ro v in ce  of 
d e te c tio n  th e o ry  are  covered , th is  
re v ie w e r feels th a t  som e im p o rta n t 
a re a s  h av e  b e e n  om itted . C h ie f  
am o n g  th em  is n o n p a ra m e tric  s ig ­
n a l d e te c tio n  theo ry . S ince th e  a u ­
th o rs  th em se lv es  h av e  m a d e  c o n ­
tr ib u tio n s  in  th is  a rea , one can  on ly  
s u sp e c t th a t  th is  exclusion  w a s  in  
th e  in te re s t of b rev ity .

R ay m o n d  L. P ick h o ltz  
P o ly tech n ic  In s t i tu te  of B rooklyn  
B rooklyn , N.Y.

Limited primer
Electronics 
Roy H. Mattson
John Wiley & Sons, Inc., 620 pp.,
$12.95

A lth o u g h  th e  title  in d ic a te s  a n  ex­
am in a tio n  of th e  fu n d a m e n ta ls  of 
e lec tro n ic s , th e  a u th o r d esc rib e s  
on ly  a few  d ev ices , a lm o st ex c lu ­
sive ly  sem ico n d u c to rs , a n d  som e of 
th e ir  c ircu its . W ritin g  in a casu a l, 
co lloqu ia l sty le , h e  p re se n ts  a n u m ­
b e r  o f fa c ts , d ra w in g  u p o n  th e  
u n d e rg ra d u a te ’s u n d e rs ta n d in g  of 
a to m ic  p h y sic s  a n d  c ircu it an a ly s is ; 
li t t le  is d e rived . A fam ilia rity  w ith  
e lec tro n ic s  w o u ld  m ake  th e  b o o k  
m o re  u n d e rs ta n d a b le , b u t  th e n  p e r ­
h a p s  u n n ecessa ry .

C o n s id e ra b le  sp ace  is g iven  to  
se v e ra l a p p ro p ria te  dev ice  m o d e ls , 
to  b ia s in g  c o n s id e ra tio n s  a n d  to  a 
c a sc a d e d  tra n s is to r  am plifier. A  few  
rem a rk s  a re  d e v o te d  to  m o d u la te d  
s ig n a ls , th e  p rin c ip le s  o f fe e d b a c k  
a n d  sw itc h in g  c ircu its . N o ta b le  
om issions in c lu d e  o sc illa to rs , p ra c ­
tic a l m o d u la to rs  a n d  d e m o d u la to rs , 
tu n e d  am plifiers, e lec tro n  b a llis tic s  
a n d  co n tro lled  p o w er supp lies.

T h is  f irs t e d itio n  co n ta in s  a  s c a t­

te r in g  o f  m is tak es , ty p o g ra p h ic a l 
a n d  g ra m m a tic a l e rro rs  a n d  am ­
b ig u itie s . A n sw ers  a re  g iven  fo r 
m o s t o f th e  alm ost-200  p ro b lem s, 
so m e o f  w h ic h  invo lve d e s ig n  w ork.

C o m p a re d  to  o th e r tex ts  n o w  in 
p r in t, th is  one covers on ly  a tiny  
p o r tio n  o f  th e  v a s t field o f e le c tro n ­
ics, a n d  m a n y  re a d e rs  w ill b e  d is ­
a p p o in te d  to  see  h o w  little  is sa id  
a b o u t  th a t.

R o b e rt C . G e b h a rd t 
T h e  C ity  C o llege  
N e w  York, N.Y.

Managing computers
Computer Control of 
Industrial Processes 
E.S. Savas
McGraw-Hill Book Co., 400 pp., $16

A lth o u g h  a im ed  a t  b r in g in g  an  
u n d e rs ta n d in g  of co m p u te r co n tro l 
from  a n  ap p lic a tio n  an d  p ro d u c tio n  
p o in t o f v iew  to a d iv e rse  au d ie n c e  
in c lu d in g  e n g in ee rs , th e  book  a p ­
p e a rs  m o re  su ita b le  fo r m a rk e tin g  
p e o p le  a n d  n o n te c h n ic a l m an ag e rs .

P a r t  on e  d e sc rib e s  p rin c ip le s  an d  
p a r t  tw o  th e  p ra c tic e  of co m p u te r 
c o n tro l. U n fo rtu n a te ly  th e  th e o ry  
d is c u s s e d  in  th e  firs t sec tio n  is n o t 
i l lu s tra te d  in th e  second  section . 
T h e re  is no  d isc u ss io n  of d e s ig n  
p r in c ip le s , a n d  p ra c tic a l a p p lic a ­
tio n s  a re n ’t  a d e q u a te ly  covered .

Ju liu s T . T o u
D ire c to r , In fo rm a tio n  S cience 
R e se a rc h
B a tte lle  M em oria l In s t i tu te  
C o lu m b u s , O hio

Recently published
Electron Dynamics of Diode Regions,
Charles K. Birdsall and William B. Bridges, 
Academic Press, 270 pp., $10

C onstruction and analysis of models for 
studying the motion o f charged particles in 
tim e-varying fields. The models analyzed 
are s im p lified  versions o f parts o f practical 
devices— prim arily  active microwave devices, 
tubes and sem iconductor am plifiers. Varia­
tiona l tim e  dynamics, as used by Beham, 
M uller and Llewellyn, is emphasized.

Nuclear Electronics: Conference Proceedings, 
Bombay, Nov. 1965, International 
Publications, Inc., 662 pp., $13.50

The second conference on nuclear electronics 
held by the Internationa l A tom ic Energy 
Agency drew partic ipan ts from  12 countries 
who discussed power and neutron-flux meas­
urements, reactor control, safety devices and 
data processing to  ensure optim um  opera­
tion . Both papers and subsequent discus­
sions have been edited.
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T R A I N

E N C O D E R

of a TRANSICOIL SOLVES 
series SERVO PROBLEMS D I G I T A L  

P O S I T  IO N  
F E E D B A C K

S T E P P E R
M O T O R

' r - 0 ~ 0 ~

S Y N  C H R O  
O U T P U T

Transicoil digital-to-analog converter
This unit is one of Transicoil's broad line of specially-designed servos.
It employs a  13-bit V-scan shaft encoder as position sensing element. Infor­
mation is fed back to an external network which generates a  pulse train from 
position error. ■ The stepper motor receives a  series of logically-switched field excitations 
to provide the driving force of the servo. When the encoder has been driven to a  position of agreement with the 
desired digital command, the pulse train is shut off and the servo stops at its last step—held by the magnetic detent of
the motor. Analog output is provided by a  synchro driven directly from the encoder. ■ By re-arranging components,
the package can be used in the analog-to-digital mode. In this configuration, input is 3-wire synchro data, and the 
driving member is a  conventional 2-phase servomotor. Digital output is provided by the encoder. ■ Transicoil offers
an unusual capability for combining servo components into operating servo systems. We would like the opportunity 
to help solve your problems. Write for our 16-page brochure, SERVO ASSEMBLIES.

W esto n  I n s t ru m e n ts ,  In c .,  T ra n s ic o il  D iv is io n , W o rces te r , P a .  19490.

W ESTON®  p r im e  s o u r c e  f o r  p r e c i s i o n . . .  s i n c e  1 8 8 8
Circle 213 on reader service card
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15,000 VO LT R -F  SWITCH
The No. 51001 features high voltage insula­
tion and a non-arc tracking and arc resistant 
molded frame. Both collector and switched con­
tacts break contact. Additional features include 
heavy duty silver contacts and insulated mount.

J A M E S  M I L L E N  M F G .  CO . ,  IN C .
M A L D E N

MAS S A C HU S E T T S

4 *
1

M A
2

Ä r
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Technical Abstracts

Converting telemetry receivers

Factors limiting uhf telemetry systems 
operation
H. Gong, R.T. Herman and P.L. Konop, 
Mitre Corp.,
Bedford, Mass.

N o o ne  h a s  ev er c la im e d  th a t  o p e r ­
a tin g  in  th e  u ltra h ig h  f re q u e n c y  
b a n d  is ea s ie r  th a n  o p e ra tin g  in  th e  
ve ry  h ig h  fre q u e n c y  b a n d . B u t a 
re p o r t  sp o n so re d  b y  th e  A ir F o rc e  
sh o w s th a t  no  te c h n o lo g ic a l fa c to rs  
p re v e n t th e  d e s ig n  o f e q u ip m e n t 
th a t  w ill o p e ra te  in  th e  tw o  n e w  
u h f  b a n d s , from  1,435 to  1,540 
m e g a h e r tz  (L  b a n d )  a n d  fro m  2,200 
to  2 ,300 M hz (S b a n d ) . T h e  m ove 
to  u h f  from  th e  215 to  260 M hz 
ra n g e  (P  b a n d )  n o w  u s e d  m u s t  b e  
d o n e  b y  Ja n u a ry , 1970, to  m ake  
ro o m  in  th e  v h f b a n d  fo r ta c tic a l 
m ilita ry  o p e ra tio n s .

T h e  m ajo r p ro b le m  m ay  b e  t r a n s ­
m itte r  f re q u e n c y  a n d  s ta b ility . T h e  
ch a n g e o v e r w ill in c re a se  th e  o p e r ­
a tin g  f re q u e n c y  b y  a fa c to r  o f a b o u t 
10 w h ile  on ly  d o u b lin g  th e  m in i­
m um  b a n d w id th  p e r  ch a n n e l (from  
0.5 M h z  to  1.0 M hz). T o  m a in ta in  
e q u iv a le n t d r if t  to le ra n c e s , t r a n s ­
m itte rs  m u s t b e  m o re  s ta b le  th a n  
th o se  n o w  in  u se  a t  vh f. G e n e ra lly  
su ch  s tr in g e n t to le ra n c e s  a re  n o t 
c u rre n tly  b e in g  m e t a t uh f.

In  g o in g  fro m  v h f to  u h f  th e re  
a re  n o  d ra s tic  c h a n g e s  in  p ro p a g a ­
tio n  c h a ra c te r is tic s  a n d  o n ly  m in o r 
in c re a se s  in  a tm o sp h e r ic  a t te n u a ­
tion , b u t  b o th  d o p p le r  a n d  d o p p le r  
ra te  in c re a se  ten fo ld . T h is  in c re a se  
can  re d u c e  th e  s e n s itiv ity  o f tra c k ­
in g  re c e iv e rs  as  m u c h  as  5 d ec ib e ls . 
T h e  g re a te s t  d o p p le r  sh if t  o ccu rs  
w h e n  tra c k in g  o rb itin g  v eh ic le s , 
w ith  th e  lo w er o rb its  c a u s in g  h ig h e r 
sh ifts . T h e  d o p p le r  ra te  fo r a irc ra f t 
can  b e  as m u ch  as o r ev en  g re a te r  
th a n  th e  d o p p le r  ra te  fo r o rb itin g  
v eh ic les . T h u s , g e n e ra l-p u rp o se  re ­
ce iv ers  sh o u ld  b e  d e s ig n e d  to  re ­
sp o n d  to  th e  m ax im u m  d o p p le r  
ra te s  th a t  w o u ld  b e  e n c o u n te re d  in  
tra c k in g  o rb itin g  v eh ic les .

S p a c e  a t te n u a tio n  (p a th  lo ss) in ­
c re a se s  16 d b  fro m  P  b a n d  to  L  
b a n d  a n d  19 d b  from  P  b a n d  to  S 
b a n d . W h e n  th e  e ffec tiv e  a re a  of 
th e  re c e iv in g  a n te n n a  is c o n s ta n t, 
th e  p a th  lo ss  w ill b e  ex ac tly  off­

se t b y  th e  rece iv in g  a n te n n a ’s gain . 
A n te n n a  gain  does n o t a lw ays d i­
re c tly  c o m p en sa te  fo r th e  sp a c e  
loss, how ever, a n d  b o th  p a ra m e te rs  
sh o u ld  b e  co n sid e re d  sep a ra te ly .

T ran sm iss io n  th ro u g h  a p la sm a  
is s ligh tly  b e tte r  a t u h f, b u t  th e re  
a re  still reg ions of re e n try  b la c k ­
out. M u ltip a th  s ig n a ls  d ue  to  r e ­
flections from  a p la sm a  te n d  to  re ­
d u c e  coverage, b e c a u se  of nu lls  in  
th e  re su ltin g  in te rfe re n ce  p a tte rn . 
T h e  in c rease  in m a rg in  can  n o m i­
n a lly  b e  se t a t —3 db.

S ince  u h f a n te n n a s  a re  m o re  
eas ily  d es ig n ed  w ith  n a rro w  b e a m s, 
th e  m in im um  e lev a tio n  ang le  a t 
w h ic h  g ro u n d  m u ltip a th  p ro b lem s 
o ccu r is red u ced . H o w ev er, w ith in  
th is  angle , th e  p ro b lem s are as se ­
v ere  as th o se  a t vhf. T h e  m u ltip a th  
p ro b le m  occu rs w h e n  th e  a n te n n a  
is track in g  a sa te llite  o r a irc ra ft a t 
low  e leva tion  ang les  w h ere  it  
“ se e s” the  g ro u n d  th ro u g h  fin ite  
b e a m w id th  an d  th ro u g h  s ide lobes. 
W ith  w id e  b e a m  a n te n n a s , m u lti- 
p a th  effects are g re a te r  th a n  a t  vhf.

In  b o th  u h f a n d  v h f th e  e n v iro n ­
m e n ta l noise from  th e  g ro u n d  is 
g re a te r  th a n  th a t  fro m  th e  sky, so 
th a t  s ide lobes a n d  b ack lo b es  on  
re c e iv in g  an te n n a s  sh o u ld  b e  s u p ­
p re s se d  as m u ch  as p o ss ib le  w h ile  
re ta in in g  a d e q u a te  gain.

A n ten n a  efficiency suffers w ith  
f re q u e n c y  increase . T o  g ive a 60- 
fo o t a n te n n a  th e  sam e effective  a re a  
a t  u h f  as a t  vh f, a ll m ech an ica l 
to le ran ces  m u s t b e  im p ro v ed  te n ­
fo ld , e lec trical co m p o n en ts  su c h  as 
th e  feed  m u s t o p e ra te  efficiently  
a n d  th e  co n d u c tiv ity  of th e  d ish  
su rfa c e  m u s t b e  im proved .

Presented at the 1966 International 
Telemetering Conference, Los Angeles,
Oct. 18-20

Diode with buried p-n junction
The epitaxy-over-oxide diode 
W.H. Légat, L.K. Russel, A.F. Dixon, 
and W.C. Rosvold 
Raytheon Co.,
Semiconductor Operations,
Mountain View, Calif.

A n ex trem ely  efficient d io d e  p e r ­
m ittin g  vo ltages g re a te r  th a n  250 
v o lts  in  th e  rev e rse  b ia s  co n d itio n , 
a n d  w ith  a leak ag e  c u rre n t o f less 
th a n  10 n a n o am p s, can  be  m a n u ­

fa c tu re d  a t  low  c o s t u s in g  a n ew  
te c h n iq u e  th a t  a llow s m an y  w afe rs  
o f 1,000 d io d es  each  to  b e  p ro c ­
e sse d  a t  o n e  tim e. T h e  d iode  h a s  a  
re s is ta n c e  of less th a n  3 ohm s in  a 
fo rw a rd  b ia s  d irec tion .

T o  p ro d u c e  th e  ep itax y -o v er­
ox ide d io d e , a th in , h ig h -re s is tiv ity  
e p ita x ia l la y e r  is d e p o s ite d  on a 
lo w -re s is tiv ity  su b s tra te . An oxide 
is th e n  g ro w n  over th e  ep itaxy , an d  
a sm all w in d o w  is c u t th ro u g h  th e  
oxide. A n ep itax ia l lay er of low  re ­
s is tiv ity  a n d  o f o p p o s ite  co n d u c ­
tiv ity  fro m  th e  first tw o  layers fo l­
low s. I t  in su re s  th a t  fo rw a rd  b ia s  
re s is ta n c e  is k e p t low .

W h e n  th e  seco n d  ep itax ia l lay er 
is d e p o s ite d , som e of th e  im p u ritie s  
d iffuse  th ro u g h  th e  ox ide w indow , 
fo rm in g  a  p-n  ju n c tio n  in  th e  
first, h ig h -re s is tiv ity  ep itax ia l layer. 
A bove th e  w in d o w , th e  seco n d  e p i­
tax ia l la y e r  g row s as a  sing le  
c ry s ta l, a n d  over th e  ox ide a lone, 
th e  s ilicon  fo rm s in to  fine g ra in  
p o ly c ry s ta ls .

A fte r th e  seco n d  ep itax y  is d e ­
p o s ite d , its  o u te r p o rtio n s  a re  c u t 
d o w n  to  th e  oxide, fo rm in g  a flat- 
to p p e d  m e sa  s tru c tu re . S everal lay ­
e rs  o f m e ta l  a re  p u t  on  th e  m esa, 
w ith  th e  final m e ta l lay e r h av in g  
a  ro u n d e d  su rface . T h e  m e ta l lay ­
e rs  fo rm  a n o n re c tify in g  c o n ta c t 
w ith  th e  se c o n d  ep itax ia l layer.

B u ry in g  th e  p -n  ju n c tio n  in th e  
m a te r ia l re su lts  in  severa l a d v a n ­
tag es:

■ L ig h t a n d  g a seo u s  a m b ien ts  
c a n n o t a ffec t its  p e rfo rm an ce .

■ T h e  ox ide  lay e r fo rm s a b a r r ie r  
to  c u r re n t  flow  a n d  forces c u rre n t 
b e tw e e n  th e  m e ta l c o n ta c t a n d  th e  
b o tto m  of th e  d io d e  to  flow  th ro u g h  
th e  w in d o w  a n d  th ro u g h  th e  p-n  
ju n c tio n , th u s  h o ld in g  th e  am o u n t 
o f c u r re n t  le a k a g e  to  a  m in im um .

■ S tre sse s  from  a u to m a tic  a s ­
sem b ly  te c h n iq u e s  a re  a b so rb e d  
b y  th e  th ic k  rim  of po ly  c ry s ta llin e  
m a te r ia l, w ith  little  s tre ss  b e in g  im ­
p o se d  on  th e  sin g le  c ry sta l.

A lth o u g h  th e  e x p e rim en ta l d io d es  
w e re  b u il t  fo r th e  low er fre q u e n c y  
ra n g e s , a  sw itc h in g  d io d e  cou ld  b e  
b u il t  b y  d iffu s in g  go ld  d u r in g  fa b r i­
ca tion .

Presented at the Internationa l Electron 
Devices Meeting, W ashington, Oct. 26-28
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Deflash sm all m olded parts 
at rates up to 5 0 0 0  per hr.!

P ho to  s h o w in g  m o ld e d  re s is to rs  b e fo re  
a n d  a fte r  d e fla s h in g  w ith  M odel BLM .

E lim in a te  th e  co stly  h a n d  c lean ing  o f  m olded  
p la s tic  p a r ts  a n d  co m p o n en ts  w ith  th e  new  
M o d el B L M  D eflash ing  M ach in e . F u lly  a u to ­
m a tic , th e  “ B L M ”  cleans a n d  deflashes sm all 
p a r ts  a t  fa n ta s t ic  sp e e d s  . . .w ith o u t  dam age! 
S en d  us sam p les . F in d  o u t  if  th e  B L M  ca n  do 
y o u r  jo b . N o  o b lig a tio n .

* P C a < ltic &  ‘D iv iU o t t
WELLS ELECTRONICS, 1701 S. Main St., South Bend, Ind.

Circle 214 on reader service card

Sway
P R E C I S I O N  

S T E P P I N G  S W I T C H

for circuits which require a switch that steps 
positively, in either direction, around a bank 
of 25 contacts. F E A T U R IN G  :
•  self-cycle or remote control operation
•  65 steps per second on self-interruption
•  bridging or non-bridging wipers
•2 0  steps per second from external impulses 
Over 10,000,000 steps in each direction 
without replacement.
for complete data on this and other unique 
GENALEX switches, write:

11 UNIVERSITY ROAD, CAMBRIDGE 38, MASS.
U. S. AGENTS FOR THE GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND

GET IN ON THE WAVE OF THE FUTURE

P H I L C O - F O R D
M I C R O E L E C T R O N I C S

50  NEW YOU CAN START AT THE TOP

Moon shots? Space probes? Missiles and anti-anti­
missiles? How dull can you get? Come where the 
excitement is: microelectronics. If you don't join 
us, you’ll be ten years behind your field— six 
months from now. If you are experienced in logic 
or circuit design . . .  if you are a process and de­
sign engineer. . .  if you are interested in MOS and 
are challenged by it, Philco-Ford has room at the 
top for you. You will work either in the San Fran­
cisco Bay area or in the suburbs of Philadelphia.

FOR CALIFORNIA INTERVIEWS
Send your resumeto Mr. Richard C. Gardner, 
Supervisor, Employment, Philco-Ford, 
Microelectronics Division, Dept. 46,
2920 SanYsidro Way,
Santa Clara, California, 95051.

FOR PHILADELPHIA INTERVIEWS
Send your resume to Mr. L. L. Baldwin,
Supervisor, Salaried Personnel, Philco-Ford, 
Microelectronics Division, Dept. 46,
Blue Bell, Pa. 19422

M IC R O E L E C T R O N IC S  D IV IS IO N  

An Equal Opportunity Employer M/F
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New Literature

Digital readouts. Transistor Electronics 
Corp., Box 6191, Minneapolis, Minn., 
55424. Data sheets No. 543 and 544 
describe self-contained transistorized 
digital readouts that cost an average 
of 30% less than fully enclosed models 
with identical electrical characteristics. 
Circle 4 2 0  on reader service card.

Precision temperature oven. Winslow 
Tele-Tronics, Inc., 1005 First Ave., 
Asbury Park, N.J. A data sheet de­
scribes the model PTO-1045 precision 
temperature oven, which was originally 
designed for crystal applications but 
can also be used with diodes, tran­
sistors, semiconductors and other com­
ponents which require precise tem­
perature control. [ 4 2 1 ]

1C packaging system. ITT Cannon Elec­
tric, a division of International Tele­
phone and Telegraph Corp., 3208 Hum­
boldt St., Los Angeles, Calif., 90031, 
has available a six-page catalog on the 
Chico pac module, an integrated circuit 
packaging system. [422]

Uhf radio relay system. Radio Corp. of 
America, Communications Systems 
division, Camden, N.J. Catalog B-117 
describes the AN/ARC-97 radio repeater 
set, which is said to be the only 
presently available self-contained, two- 
way, automatic uhf radio relay system. 
[ 4 2 3 ]

Traveling-wave tube. Microwave Assoc­
iates, Burlington, Mass., has available 
a technical bulletin describing a travel­
ing-wave tube that covers a full octave 
from 450 to 900 Mhz. [424]

Space communication. Radio Engineer­
ing Laboratories, 29-01 Borden Ave., 
Long Island City, N.Y., 11101, offers 
a brochure describing f-m subsystems 
in space communication. [ 4 2 5 ]

Detector mounts. American Electronic 
Laboratories, Inc., P.O. Box 552, Lans- 
dale, Pa., has published a series of 
five technical bulletins covering a broad 
line of high-sensitivity detector mounts. 
[ 4 2 6 ]

Current driver. Computer Test Corp., 3 
Computer Drive, Cherry Hill, N.J. Bul­
letin 65-F discusses the model 1720, a 
bipolar, 10-nanosecond current driver 
with dual outputs. [ 4 2 7 ]

Welded circuit modules. Radix, Inc., 
1560 Orangethorpe Way, Anaheim, 
Calif., 92801. An eight-page brochure 
describes in detail the elements in­
volved in the production of welded 
circuit modules. [428]

Memory system. Electronic Memories, 
12621 Chadron Ave., Hawthorne, Calif., 
90250, has issued a 10-page brochure 
on the Nanomemory 650, a system in­
tended for real time or high-speed com­
puters and check out systems. [ 4 2 9 ]
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Solid-state controllers. Applied Engi­
neering Corp., Foxhill Drive, South Wal­
pole, Mass., 02071. Bulletin SC600 de­
scribes Hydralign solid-state controllers 
for automatic edge-guiding systems. 
[ 4 3 0 ]

Standard voltage source. Power De­
signs Inc., 1700 Shames Drive, West- 
bury, N.Y., announces a technical data 
sheet on the model X-336, a high-sta- 
bility, low-impedance secondary voltage 
standard. [ 4 3 1 ]

Antenna positioner. Andrew Corp., P.O. 
Box 807, Chicago, III., 60642. Bulletin 
8560 contains descriptive information 
and specifications for the type 30802 
antenna positioner for microwave relay 
equipment. [ 4 3 2 ]

Precision frequency comparison. Hew­
lett-Packard Co., 1501 Page Mill Road, 
Palo Alto, Calif., 94304. A nine-page 
application note describes how to make 
frequency comparisons with very high 
resolution in only a few minutes time. 
[ 4 3 3 ]

Chopper transformers. Airpax Electron­
ics Inc., P.O. Box 8488, Fort Lauder­
dale, Fla., 33310. Bulletin TRS-5 de­
scribes the series TRS300 transformers 
that are designed for chopper applica­
tions but also serve many non-chopper 
uses. [ 4 3 4 ]

Data amplifier. Dana Laboratories, Inc., 
Campus Dr. at Von Karman Ave., Irvine, 
Calif., has published data sheet 615 on 
the model 2211A wideband data ampli­
fier, a direct-coupled, differential am­
plifier designed for research instrumen­
tation and data acquisition. [435]

Thermocouple controller/alarm. Control 
Data Corp., 4455 Miramar Road, La- 
Jolla, Calif., 92037, has available a 
data sheet on the Magsense model 73 
thermocouple controller/alarm. [ 4 3 6 ]

Linear scan unit. Magna Corp. 11808 
South Bloomfield Ave., Santa Fe 
Springs, Calif., 90670. A two-page bul­
letin explains how the model 4510 
linear scan unit may be used with po- 
tentiostats having dual potential con­
trol channels. [437]

Relay signature analyzer. Electro-Tec 
Corp., P.O. Box 667, Ormond Beach, 
Fla., 32074. A four-page brochure de­
scribes a signature analyzer that offers 
designers, manufacturers, and users of 
electromechanical relays simultaneous 
display of all poles of any relay dy­
namic switching characteristics. [438]

D-c servo motors. General Electric Co., 
1635 Broadway, Fort Wayne, Ind., 
46804. Bulletin GEA-8251 covers a line 
of Hyper-Servo motors for use in elec­
tronic data processing peripheral equip­
ment. [ 4 3 9 ]

Counter-timers. Computer Measure­
ments Co., 12970 Bradley Ave., San 
Fernando, Calif., 91342, offers a four- 
page brochure giving applications and 
specifications of models 604A and 
605A, 2.5 megahertz all-silicon counter­
timers. [ 4 4 0 ]

Universal circuit cards. Pico Electronics 
Inc., 1133 Northeast 7th Ave., Fort 
Lauderdale, Fla., 33304. Bulletin PC966 
discusses what the manufacturer calls 
the newest concept in printed-circuit 
boards designed for engineering, re­
search and prototype production. [441]

Motors. Globe Industries, Inc., 2275 
Stanley Ave., Dayton, Ohio, 45404. A 
four-page brochure on commercial- 
industrial motors is a valuable design 
aid in choosing the proper motor for 
the application. [ 4 4 2 ]

Portable video monitor. Ampex Corp., 
Mail Stop 7-14, 401 Broadway, Red­
wood City, Calif., 94063. Features and 
specifications of the VM-9A portable 
video monitor are contained in bulletin 
V043. [ 4 4 3 ]

Synchronizing generators. Cohu Elec­
tronics, Inc., Box 623, San Diego, 
Calif., 92112. Diagrams, specifications 
and photographs illustrate a four-page 
technical data sheet on synchronizing 
generator systems. [ 4 4 4 ]

Drafting aids. By-Buk Co., 4326 West 
Pico Blvd., Los Angeles, Calif., 90019, 
has published a cross-referenced cata­
log, P-42, illustrating a complete line 
of printed-circuit drafting aids, featur­
ing the Tape-Lift method for fast, ac­
curate p-c drawing. [ 4 4 5 ]

Magnetic components. Transonic, Inc., 
808 16th St., Bakersfield, Calif., 93301. 
“ Magnetic Components for Commercial 
and Aerospace Applications”  is a six- 
page folder covering the firm ’s facilities 
and major magnetic components. [446]

Low-noise preamps. Microwave Prod­
ucts Group, a division of Consolidated 
Airborne Systems, Inc., 115 Old 
Country Road, Carle Place, L.I., N.Y., 
11514. Data sheet No. 102 describes a 
line of solid-state, low-noise preamps. 
[ 4 4 7 ]

Magnetic demodulators. General Mag­
netics, Inc., 135 Bloomfield Ave., 
Bloomfield, N.J., 07003. Bulletin
MM108A contains technical data on 
solid state magnetic demodulators for 
converting phase reversing a-c signal 
voltages into phased detected polarity 
reversing d-c voltages. [448]

D-c motors. Printed Motors, Inc., Glen 
Cove, N.Y., has available a four-page 
brochure on a line of low cost, ferrite 
d-c printed motors for commercial and 
industrial applications. [449]
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ELECTRONICS
Q u a l i f ic a t io n  F o r m  

f o r  P o s it io n s  A v a i la b le

A T T EN T IO N : EN G IN EERS,  
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This Q u a lifica tio n  Form is designed to  he lp  you 
advance in the e lectron ics in d u s try . I t  is un ique 
and com pact. Designed w ith  the  assistance o f 
p ro fess iona l personnel m anagem ent, i t  iso lates 
specific experience in  e lectronics and  dea ls o n ly  
in  essentia l backg rou nd  in fo rm a tio n . The a d ve r­
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W HAT TO D O . (1.) R eview  the pos itions  in  the 
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How can they be improved?

NRL invites you 
to help find the answer.
This is just one of the problems currently being studied at the Naval 
Research Laboratory. There are hundreds of others equally intriguing.

NRL, the Navy’s corporate laboratory, is engaged in research and 
development embracing practically all branches of physical and engineering 
science and covering the entire range from basic investigations of 
fundamental problems to applied and developmental research.

The Laboratory has current vacancies and a continuing need for 
electronic and mechanical engineers, physicists, chemists, metallurgists, 
mathematicians, oceanographers, and technical writers and editors 
for challenging assignments.

Persons appointed receive the full benefits of career Civil Service 
including regular salary increases and liberal retirement. The Metropolitan 
Area offers excellent living conditions and recreational facilities to suit 
a variety of needs. Six local universities provide opportunities for graduate 
study in almost any field.

The Laboratory encourages its employees to further their professional 
education. Send resume or Standard Form 57 to:

The Director (Code 1818-1) 
Naval Research Laboratory 
Washington, D.C. 20390
Tin Equal Opportunity Employer
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engineers & physicists

electro-optical systems

Servo's leadership for today’s IR and UV uses is recognized. Using ad­
vanced techniques to create new products and new systems, applications 
o f optical sensors is an a rt of Servo. Engineers and scientists who can 
make s ign ificant con tributions are urged to investigate the fo llow ing imme­
diate positions.

Optical Engineer—Minimum M.S. with background knowledge .of techniques 
and methods of optical component fabrication, to design optical elements 
and systems working from broad customer/system needs and/or specifica-• 
tions. Should have the ability to meet and converse with customers to help 
them decide what they need. Supervisory experience helpful but not neces­
sary. Ability to work with EEs and MEs.is required.
Electrical Engineers—With ability to do circuit design, to evaluate designs 
of others, to translate customer/systems needs into working hardware, to 
supervise technicians and other engineers, and to plan and implement a 
project without straying from the budget. Capability to conceive and write 
proposals, make presentations to customers and corporate personnel, and 
the ability to communicate with customers and potential customers is 
desirable.

NEW ADVANCED DEVELOPMENT GROUP-Offers opportunities in a diver­
s ity of projects fo r ta lented people who expect to be well paid. We want 
self-starters who can in itia te  projects and follow  through for the follow ing 
positions:

Solid State Physicists-Experimentalists-Minimum M.Sc. level with some 
knowledge of theory and strong lab background. Additional background in 
microwave techniques helpful but not necessary. Familiarity with measur­
ing techniques and instrumentation required.
Microwave Solid State Engineer—Minimum M.Sc, level. Knowledge of and 
experience in newest devices and techniques.

F o r  an i n t e r v i e w  a t  y o u r  c o n v e n ie n c e ,  se n d  r e s u m e  in c o n f id e n c e  to :  
A r t h u r  E. L e v in e ,  o r  c a l l  (516 )  9 3 8 -9 7 00  co l l e c t .

servo corporation of america 
111 new south road • hicksville, new york 11802 

An Equal Opportunity Employerservo

2  ELECTRICAL ENGINEERS I
•  RESEARCH

Electronics Engineer to  assist in designing solid state power supplies and 
am plifie r systems, analog, d ig ita l control c ircu itry , programs to  improve per­
formance and re lia b ility  of existing electronic hardware, and development of 
new scientific  instrum entation . Requirements: E.E. or higher degree, w ith at 
least three years experience in c ircu it design. Experience w ith solid state 
components, fie ld effect tra ns is to r c ircu its, high frequency am plifiers, low 
voltage power supplies, com puter technology, control c ircu its , radiation 
transduction.

•  ENGINEERING
Project Engineer to  perform  a wide range of electronic system design, m odifi­
cation and other related duties on company product instrum entation, acces­
sories and systems, working from  project data assigned by superior. Collabo­
ration in the discussion o f basic system concepts; assist in prototype construc­
tion; review engineering change requests. W ill cooperate w ith Sales, Purchas­
ing and Production departm ents. Requirements: B.S.— E.E., w ith three to four 
years experience.

Please send resume to:

Director of Personnel

J a r r e l l - Æ s h
Company

590 Lincoln Street 
Waltham, Mass. 02154

EMPLOYMENT
OPPORTUNITIES

THE MARKET-PLACE 
FOR ALL EMPLOYMENT NEEDS
Send new ads or inquiries to:

ELECTRONICS
Class. Adv. Div., P.O. Box 12, N.Y., N.Y. 10036

For FEE PAID positions 
throughout U.S.

Send Coupon Today 
ATOMIC PERSONNEL. INC.

S uite  L, 15 18  W a lnu t St., Phila ., Pa 
Experienced En g in ee rs.. .Working 

“ Full T ime” . .. For You!

Send resum e today. (It none, send 
coupon fo r con fiden tia l application.)

Name___________________________________

Address_ 

City____

I
I
I
I
I
I
I
I
I

in
I

_State_

MECHANICAL ENGINEER
Position requires a BS in ME. 3-5 years experi­
ence in product design and mechanical packaging 
with some experience in optics.

SR. PRODUCT ENGR.
EE degree. 3-5 years experience in circuit and 
product design.

JUNIOR ENGINEER
EE degree. Recent grads. To be trained in de­
sign of electronic alarm products and systems.

Apply in person or send resume to:

M0SLER RESEARCH PRODUCTS, INC.
9 S o u th  S tre e t, D a n b u ry , C o n n e c ticu t

A n equa l o p p o rtu n ity  em p loyer

P rofessional
Services

GIBBS & HILL, Inc.
Consulting Engineers

Systems Engineering 
Operations Research • Development 
Field Studies • Design •  Procurement 

Power • Transportation • Communications 
Water 8upplv • Waste Treatment 

393 Seventh Avenue New York 1, N. Y.

CONSULT

THESE SPECIALISTS

Let them save your time 
by bringing their broad 
experience in  their spec­
ialty to bear on your 
problems.

190 Electronics | November 28, 1966



CLASSIFIED ADVERTISING

SEARCHLIGHT SECTION
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT

N e w /
O N E  S T O R Y  
A IR  C O N D .
2 1 , 7 5 0  Sq. Ft.

BLDG, on 11.5 ACRES 
Smyrna, Delaware

U n lim ite d  ta ilg a te  load ing . 
U ltra-modern steel panel wall 
c o n s tru c t io n . A ll u t i l i t ie s .

B IN SW A N G ER
C O R P O R A T I O N

1420 Walnut St., Phila., Pa. • PÉ 5-0202

CIRCLE 966 O N READER SERVICE CARD

f r e e  c a t a l o g
POTTING APPLICATORS
MANUAL AND DISPOSABLE

6cc 12cc 30cc 
FOR POTTING, ENCAPSULATING, AND 

SEALING OF MINIATURE COMPONENTS
PHILIP FISHMAN COMPANY 

7 CAMERON ST., WELLESLEY 81, MASSACHUSETTS

CIRCLE 967 ON READER SERVICE CARD

RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS 
3 & 10 CM. SCR 584 AUTOTRACK RADARS. M-33 RADAR 
TPS-1D SEARCH. APS-45 TPS-10D HT. FINDERS. WX RADARS. 
FPN-32GCA. APS-10 APS-15B APS-27 (AMTI) SEARCH. ■  ■  
APN-102 DOPPLER. DOZENS MORE. CARCINOTRONS. PFN’S. 
.25-.5-1-2-3-6 MEGAWATT PULSE MODULATORS. CAVITIES. 
PULSE TRANSFORMERS. IF STRIPS. WAVEGUIDE. BENDS 
200 MC. 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS.

RADIO RESEARCH INSTRUMENT CO.
550 5TH AVE., NEW YORK 36, N. Y. JU 6-4691

CIRCLE 968 O N READER SERVICE CARD

When you have used electronics 

equipment to sell, advertise 

in Electronics Searchlight 

Section for fastest results.

For information:

Searchlight Section 

Classified Advertising Division 

Post Office Box 12 

New York 10036

C I R C U IT  DESIGN ENG INEERS

I  t S f i TEST E Q U IP M E N T  \ 
DESIGN ENG INEERS

N A V IG A T IO N  & C O M M U N IC A T IO N S
W r  "  m SYSTEMS

I I I A.G.E DESIGN

- /  H i

§ i

1
I l  1 1

i i i l i i i !

111: 1 1 i l l i i i

J  ;

5

lÆ ÀR iÉ IEG LER, INC.

Exercise and elbow room.
You'll find both a t Lear S ieg ler

Y o u 'd  lik e  it  h e re . P le n ty  o f  la t i tu d e  a t 

L S I. A  s o lid ,  d y n a m ic  c o m p a n y  th a t  lik e s  
c re a t iv e  th in k in g .  A c t iv e ly  a p p ly in g  n e w  

c o n c e p ts ,  s e e k in g  n e w  id e a s  in  g u id a n c e  

a n d  n a v ig a t io n  s y s te m s  f o r  s u b - ,  s u p e r -  

a n d  h y p e r - s o n ic  a ir  a n d  s p a c e c ra f t .

Y o u  c a n  g ro w  p r o fe s s io n a l ly  o n  lo n g ­

te rm  p ro g ra m s  fo r  d e s ig n  a n d  p r o d u c t io n  

o f a d v a n c e d  f l ig h t  re fe re n c e  a n d  n a v ig a ­
t io n a l s y s te m s  . . .  in  a h a lf - m i l l io n  s q u a re  

fe e t o f  n e w ly -c o m p le te d  a e ro s p a c e  e n g i­

n e e r in g  fa c i l i t ie s .

S e n d  y o u r  re s u m e  in  c o n f id e n c e  o r  w r i te  
f o r  in fo r m a t io n  to :

E. A. Mellinger
Professional Employment Manager

INSTRUMENT DIVISION
4I U  E A S T E R N  A V E . ,  S. E.,  GRAND RAPIDS,  M ICHIGAN 49508

r
electronic engineers
Do you have a flair for unusual work?
Electronic Warfare • Anti-Submarine Warfare

If you have a background in any of the following fields 
we would be interested in talking to you:

COMMUNICATIONS • MICROWAVE 

RADAR - SONAR * TELEMETRY
If you are an Electronic Engineer with a BS or MS Degree, and your engi­
neering career has advanced to th® point where you would like to apply your 
experience to technical management as well as having responsibility for 
program formulation, then you may wish to consider stepping up to an engi­
neering position with the Naval Ship Systems Command.

The Naval Ship Systems Command is responsible for research and develop­
ment and project management .for all electronic systems and equipment 
utilized aboard ships of the U. S. Navy. In directing laboratory and contract 
activity in support of this research and development, experienced engineers 
are required in all phases of electronics.

Starting salary range— $9 ,5 0 0  to $15 ,00 0  per year
CaJI Mr. Crowley on Area Code 202, Oxford 6-3652, Oxford, or OXford 
6-3619, or send your application to:

Nava! Ship Systems Command, Code 20325-G 
Main Navy Building, Room 2422 
18th and Constitution Avenue, N.W.
Washington, D. C. 20360
An Equal Opportunity Employer
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d if f ic u l t  in s ta l la t io n s  m a d e  e a s y
The long continuous lengths of HELIAX® coaxial cable make any type of installation possible. 
Whether across a vast ravine or up the tallest tower, the installed cost is less. Corrugated inner
and outer conductors absorb all stress. Andrew connectors firmly anchor both conductors to 
eliminate electrical problems. Consult your Andrew sales engineer or write Andrew Corporation, 
P. 0. Box 807, Chicago, Illinois, U.S.A. 60642.

870-foot self-supporting catenary instal­
lation of 5-inch HELIAX air dielectric co­
axial cable (Type HJ9-50) at mountain 
top site of Station KBYU-TV, Provo, Utah.

IN  E U R O P E :  A n d r e w  A n t e n n a  S y s t e m s ,  L o c h g e l ly .  F i fe -  G r e a t  B r i t a i n
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Newsletter from Abroad

Swedish professors 

protest purchase 

of IBM computers

Japan firm on ban 

of wholly-foreign 

1C ventures

British 1C maker 

slashes prices

November 2 8 ,1 9 6 6

Professors at Lund University in southern Sweden are getting national 
attention in the press with their protests over the computer-buying 
policy of the government purchasing agency Statskontoret. The pro­
fessors contend the International Business Machines Corp. gets far too 
much of the government’s computer business and they’re questioning 
the propriety of having a former IBM employee in a high-level post at 
Statskontoret.

The professors’ plaint stems from a Statskontoret decision to buy 
an IBM 360-65 to replace a 10-year-old computer Lund scientists built 
themselves. University officials recommended a Control Data Corp. 
3800 computer but the government buying agency overruled them. The 
professors maintain the CDC machine is much faster and would cost 
$1,150,000 compared to $1,300,000 for the IBM machine.

The professors who rated the CDC 3800 the best buy for Lund have 
openly charged Statskontoret with running a “purchasing dictatorship” 
favorable to IBM. One professor pointed out that 32 of the 41 com­
puters ordered by Statskontoret for delivery through 1968 are IBM 
machines. The agency also recommended seven other IBM machines 
but these orders went to the Swedish aerospace firm SAAB after some 
political string pulling.

The Japanese government has taken an adamant stance on its ban of 
integrated circuit production by wholly-owned subsidiaries of foreign 
companies.

The policy was reaffirmed when the Ministry of International Trade 
and Industry (MITI), which controls foreign capital investments, turned 
down a bid by Texas Instruments Incorporated to set up an IC plant 
in Japan. Despite protests by the company and the United States 
government, MITI made it clear this month it was sticking by its 
stringent conditions for outsiders who want to produce IC’s. MITI’s 
terms: at least 51% Japanese participation in IC ventures; limited pro­
duction for three years; and an agreement to license IC technology to 
Japanese producers at reasonable fees.

Along with its controls on plant investments, MITI also has set up 
machinery to restrict imports of IC’s for computers. So far, though, 
MITI has approved all requests for IC import licenses [see p. 196].

Still another indication that a shakeout among British integrated circuit 
producers might come as early as next year turned up this month as 
STC Semiconductors Ltd. whacked its IC prices by as much as 50% 
for some logic circuits.

The move may well touch off a wave of price cuts in the United 
Kingdom, where a half-dozen big British companies and the major 
American IC producers are hustling to stake out market shares. Although 
low prices should speed the coming of a mass market for IC’s in 
Britain, they’re bad news for companies that had hoped to ease into 
IC production. Only big producers can expect to survive the rough 
competition in sight. STC Semiconductors is an affiliate of the Inter­
national Telephone and Telegraph Corp.

STC slashed its prices across the board for its line of MIC 930
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Newsletter from Abroad

Computer maker 

sidesteps French 

‘Plan-Calcul’

Philips may slow 

European expansion

Electronic giants 

spark Paris Bourse

diode-transistor-logic circuits, both for flatpacks and dual-inline pack­
ages in military and industrial versions. Typical of the new prices: $5.70 
for a flatpack quadruple two-input gate in quantities from 100 to 1,000. 
Up to this month, the price tag on the circuit was $10.70 for quantities 
of 25 or more.

President Charles de Gaulle’s scheme to forge a strong French computer 
industry apparently won’t work out as neatly as first thought. One of the 
major companies involved in the government’s “Plan-Calcul” is jumping 
the gun to put an integrated-circuit process control computer on the 
market next fall. One of the main goals of Plan-Calcul is to develop an 
all-French third-generation medium computer for scientific and indus­
trial use by late 1968 or early 1969 [Electronics, Oct. 17, p. 223].

The company that’s sidestepping the government computer scheme is 
Societe Europeene pour le Traitement de l’lnformation (SETI), a sub­
sidiary of the Compagnie des Compteurs. CDC owns half of the joint 
company set up under Plan-Calcul to build the peripheral hardware for 
the all-French computer. The central processor will be developed by a 
second joint company in which three major French computer makers— 
but not CDC—have a share.

SETI’s third-generation process control computer will be only par­
tially competitive with the larger Plan-Calcul computer. However, SETI 
will have a head start of perhaps two years and thus pick up part of the 
market that the government had hoped would be the preserve of the joint 
companies formed under Plan-Calcul.

A downturn of radio and television set sales in Western Europe has 
forced Philips Gloeilampenfabrieken NV to recast its strategy for 
growth. The Dutch company is shifting from an aggressive expansion 
policy to a cautious one, especially in Europe. Philips also is thinking 
about weeding out of its worldwide empire some departments whose 
profits performance has tinned lackluster in recent years.

The shift is intended to ease a squeeze on profits that began last year 
and has continued this year despite increases in sales of about 8% 
for both years. Philips now expects its profits for this year on sales of 
$2.3 billion will run just under $100 million, down 10% from 1965.

The company, though, has managed to cut down its worldwide work 
force this year from 252,000 to 246,000 and has worked down its inven­
tory from 41% of sales to 39%. Since sales of industrial and military 
equipment should continue to show strong gains next year, Philips may 
be able to check—but not eliminate—the erosion of profits next year.

A bid by foreign electronics companies to take control of a major French 
producer of light bulbs and electron tubes has livened up the normally 
sluggish Paris Bourse. Late last month, word leaked out that the de 
Gaulle government would let control of Claude-Paz et Visseaux go to a 
foreign company. Since, Claude-Paz has zoomed from $38 a share to 
$68 and the Bourse as a whole has moved upward.

Throwing the takeover struggle onto the stock exchange marks a 
change in French policy. In the past, the Finance Ministry has kept 
negotiations secret when outsiders tried a takeover even of companies 
like Claude-Paz which isn’t considered vital to national independence.
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West Germany

Slow but sure
T im e  w as w h en  th e  d e v e lo p m e n t of 
in te g ra te d  c ircu its  w as a lm o st ex­
c lusively  th e  p re se rv e  of A m erican  
e lec tron ics co m p an ies; b u t  now  
E u ro p e a n  firm s h a v e  b e g u n  to  s take  
o u t som e s tro n g  ic  claim s of th e ir  
ow n.

F ra n c e ’s C o m p a g n ie  E u ro p é e n n e  
d ’A u to m atism e  e t  d ’E le c tro n iq u e , 
fo r  in stance , h as  d e v e lo p e d  a  fa m ­
ily  of ic ’s fo r c o m p u te r  ap p lic a tio n s  
— called  c u rre n t m o d e  c o m p le m e n ­
ta ry  tran s is to r lo g ic  [E lec tro n ic s , 
O ct. 31, p. 151]. A nd  W e s t G e r­
m a n y ’s T e le fu n k en  A G  h a s  com e 
u p  w ith  a b a g  fu ll o f ic  novelties, 
in c lu d in g  a m o n o lith ic -zen e r-d io d e - 
tran s is to r  logic c irc u it  (dtlz) th a t  
m a n y  experts r a te  as an  im p o rta n t 
E u ro p e a n  first in  ic  tech n o lo g y .

T e le fu n k en  also  has d e v e lo p e d  an  
e m itte r-co u p led -lo g ic  c irc u it (ecl) 
th a t  sw itches in  less th a n  0.5 n a n o ­
second  a n d  has a  p ro p a g a tio n  d e lay  
tim e  of 400 p ic o seco n d s— a m o n g  
th e  b e s t tim es k n o w n . A n d  th e  G e r­
m a n  co m p an y  has a  n e w  g e rm a ­
n ium  p la n a r  tra n s is to r— in te n d e d  
fo r te lev ision  tu n e rs— th a t  can  b e  
fa b r ic a te d  b y  ic  te c h n iq u e s .

So far, however, only the dtlz 
circuits are being marketed and 
output is still less than 100,000 cir­
cuits a month, although the com­
pany says production is climbing 
fast.

Immune. T h e  m a in  a d v a n ta g e  of 
th e  dtlz log ic  is its h ig h  im m u n ity  
to  noise. T o  b e  su re , th e  h ig h  no ise  
th re sh o ld  com es a t  a sacrifice of 
sp e e d  a n d  it  m akes fo r re la tiv e ly  
h ig h  p o w e r co n su m p tio n . B u t T e le ­
fu n k e n  sees g re a t p ro m ise  fo r th e  
log ic  in  re la tiv e ly  slow  d a ta -p ro c -  
essing  a p p lica tio n s  like m ach in e - 
to o l contro ls, e le v a to r  con tro ls, 
p rocess  con tro ls a n d  c o m p u te r  
p e r ip h e ra l e q u ip m e n t w h e re  no ise  
levels can  ru n  as h ig h  as 5 volts. 
F o rtu n a te ly , p o w e r  co n su m p tio n  of

th e  log ic  c ircu itry  is a  m in o r d esign  
co n sid era tio n  in  th e se  ap p lica tio n s.

T e le fu n k en ’s c ircu its  m a in ta in  a 
no ise  im m u n ity  b e tw e e n  5 volts a n d  
6 volts over a  te m p e ra tu re  ra n g e  
from  —20°C  to  100°C . T h e  p u lse  
d e lay  tim e  is less th a n  1 m ic ro sec­
ond , p u lse  rise  tim e  is a  m ax im um  
of 200 n sec  a n d  fa ll tim e  a p p ro x i­
m a te ly  2 fxsec. P o w er co n su m p tio n  
is a b o u t 40 m illiw a tts  p e r  s tage. 
F a n  o u t is 10 a n d  th e  o u tp u t v o ltag e  
sw ing  n e a rly  12 volts, e n o u g h  to  
d riv e  d irec tly  a  re lay , a  s te p p in g  
sw itch , o r th e  like.

Different. T h e  b a s ic  c irc u it co n ­
figura tion  of th e  dtlz logic re se m ­
bles q u ite  closely  th a t  o f a  classic  
d io d e -tran sis to r-lo g ic  ( dtl ) nand 
circu it. T h e re  are , how ever, tw o  
sign ifican t d ifferences. In s te a d  of a 
p a ir  of co n v en tio n a l d io d es in  th e  
base  c ircu it of th e  tran s is to r, th e  
dtlz c irc u it uses a  sing le  z e n e r 
d iode; i t  is th e  k ey  to  th e  h ig h  
noise im m un ity . T h e  o th e r  m ain  
d iffe rence  is in th e  g a tin g  d iodes; 
to  s im plify  fa b ric a tio n  of th e  c ir­
cu it, th e y  a re  lo c a te d  on th e  o u tp u t 
side  (c o lle c to r)  ra th e r  th a n  on th e  
in p u t side  of th e  c ircu it.

In  a dtl nand gate , th e  sw itch in g  
level— a n d  th u s  th e  no ise  im m u n ity  
— is ro u g h ly  e q u a l to  th e  v o ltag e  
d ro p  across th e  tw o  d iodes in  th e  
base  c ircu it— a b o u t 1.2 volts. In  th e
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dtlz c ircu it, th e  ze n e r d io d e —  
w h ic h  is c o n n e c te d  in  th e  o p p o site  
d ire c tio n  o f dtl b a se  d io d es— boosts 
th e  im m u n ity  to  n e a rly  6 volts, som e 
five tim es  h ig h er.

T e le fu n k e n  n o w  is p ro d u c in g  a 
fam ily  of five ty p es  of dtlz g a te  
c ircu its  a n d  flip-flops. A ll a re  
h o u se d  in  T O -5  tran s is to r  cans w ith  
e ith e r  e ig h t or 12 leads. T h e  com ­
p a n y  fa b r ic a te s  th e  c ircu its  b y  
c o n v e n tio n a l p la n a r  ic  tech n o lo g y  
e x c e p t i t  u ses d e p o s ite d  n ick e l-ch ro ­
m iu m  resis to rs  in s te a d  of d iffused  
resisto rs.

Fast checks
L ike  m o s t E u ro p e a n  p o s t office d e ­
p a r tm e n ts , W e s t  G e rm a n y ’s h a n ­
d les m o n ey  as w ell as m ail. Som e 
fo u r m illion  v o u ch e rs— checks, 
m o n ey  o rd e rs , d e p o s it  s lip s  a n d  th e  
like— p o u r  in to  ea c h  of th e  c o u n ­
try ’s 13 p o s t  office b a n k s  ev ery  
w o rk in g  day.

T h e  p o s t  office a lre a d y  h as  m a d e  
th e  first s te p s  to w a rd  a u to m a tin g  
m a il-so rtin g  [E lec tro n ic s , A ug. 23. 
1965, p . 166]; n o w  it is try in g  o u t 
a u to m a tic  v o u ch e r-h an d lin g . T h e  
tr ia l is u n d e r  w ay  a t  L u d w ig sh a fe n , 
w h e re  a  sy s te m  d ev e lo p e d  b y  T e le ­
fu n k e n  A G  is h a n d lin g  1,000 a c ­
co u n ts . G irls  g e t in to  th e  a c t  fo r 
tw o  k ey  o p e ra tio n s— cod in g  an d

COLLECTOR OUTPUT

Zener diode in base circuit of the transistor gives Telefunken’s 
integrated-circuit logic high immunity to noise. Input of 6 volts 
or higher is needed to switch output from logic “ one”  condition 
of 12 volts to logic “ zero”  condition of about 0 volt.
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Girl checks signature on voucher against specimen called up by punching 
account number into keyboard. Signature verification is one of only 
two manual operations in voucher-handling system under trial in 
West Germany. The other is encoding magnetic-ink characters 
that can be read electronically onto the vouchers.

s ig n a tu re  c h e c k in g — b u t a p a r t
from  th a t , e le c tro n ic a lly  c o n tro lled  
m ach in es do th e  job .

T h e  d a y ’s lo a d  of b a n k  m ail first 
p a sse s  to  a n  e n v e lo p e  o p e n e r th a t  
can  e m p ty  10,000 en v e lo p es  an  
hou r. T h e n  th e  c o n te n ts  go to  a 
co d in g  s ta tio n  w h e re  g irls ty p e  th e  
ac c o u n t n u m b e rs  a n d  am o u n ts  of 
checks in  m a g n e tic - in k  c h a ra c te rs . 
A  so r tin g  m a c h in e  re a d s  th e  ac ­
c o u n t n u m b e rs  a n d  a rra n g e s  th e  
v o u ch e rs  b y  a c c o u n t n u m b e r.

T h e n  fo llow s th e  s ig n a tu re  v e ri­
fication . As e a c h  v o u c h e r p a sse s  
th ro u g h  th is  s ta tio n , th e  sp ec im en  
s ig n a tu re s  fo r th e  a c c o u n t— sto re d  
on a s lid e— are  d isp la y e d  on a 
sc reen  fo r c o m p a riso n  w ith  th e  one 
on th e  v o u ch e r. T h e  verified  
v o u ch e rs  th e n  go  th ro u g h  an  e lec ­
tro n ic  re a d e r  th a t  tra n s fe rs  th e  d a ta  
on  th e m  on to  m a g n e tic  ta p e , the  
in p u t fo r a  b o o k k e e p in g  co m p u te r. 
D a ily  s ta te m e n ts  a re  p r in te d  o u t on 
lo n g  ro lls  w h ic h  fe e d  d ire c tly  in to  
a p a c k in g  m a c h in e  w h ic h  cu ts  an d  
fo ld s th e  s ta te m e n ts  a n d  packs 
th e m  in to  en v e lo p es  a lo n g  w ith  th e  
a s so c ia te d  v o u c h e rs , a t  ra te s  u p  to
3,000 en v e lo p es a n  h o u r.

Sweden

Fading color
In s te a d  o f a  lift, th e  S w e d ish  e n te r ­
ta in m e n t in d u s try  su ffe red  a  le t­
d o w n  w h e n  th e  g o v e rn m e n t th is  
m o n th  re v e a le d  its  p ro p o se d  tim e ­
ta b le  fo r s ta r t in g  u p  a  se c o n d  te le ­
v ision  n e tw o rk  a n d  co lo r-tv  p ro ­
g ram s.

T h e  p ro g ra m  ca lls  fo r th e  seco n d  
n e tw o rk  to  b e g in  b ro a d c a s tin g  to ­
w a rd  th e  e n d  o f 1969 o r e a rly  in  
1970, a b o u t 18 m o n th s  la te r  th a n  
h a d  b e e n  g e n e ra lly  ex p ec ted . As for 
co lor, th e  p la n  p ro p o se s  n o th in g  
d efin ite  a lth o u g h  S w ed en  h a s  o p te d  
fo r W e s t G e rm a n y ’s pal ( fo r phase - 
a lte rn a tio n -lin e  ) sy stem  as h av e  
m ost o f th e  co u n trie s  o f W e ste rn  
E u ro p e .

S w e d ish  s e t m a k e rs  h a d  h o p e d  
th a t  co lo r tv — a n d  th e  se c o n d  n e t­
w o rk — w o u ld  b e  in tro d u c e d  so m e­
tim e  in  1968. T h a t  t im in g  w o u ld  
h av e  b e e n  a  to n ic  fo r  1967 se t  sales. 
I t  w o u ld  h a v e  o p e n e d  u p  th e  color-

se t m a rk e t a n d  a lso  w o u ld  h a v e  
b o o s te d  b lac k -a n d -w h ite  re p la c e ­
m e n t sa les  s ince  a b o u t 75%  of th e  
se ts  o p e ra tin g  in  S w ed en  w ill n e e d  
an  ad d itio n a l tu n e r  to  p ick  u p  th e  
sec o n d  n e tw ork . N ow , w ith  th e  
s ta r t-u p  for th e  n e w  n e tw o rk  d e ­
lay ed  18 m o n th s , th e  in d u s try  ex­
p e c ts  tv  se t sa les n e x t y e a r w ill 
s ta y  a t  th is  y e a r’s level— 200,000 
sets.

T h e  g o v e rn m e n t’s p ro p o sa l, m a d e  
b y  a co m m ittee  h e a d e d  b y  C o m ­
m u n ica tio n s  M in is te r  O lof P a lm e , 
h as  to  b e  ap p ro v e d  by  th e  P a r lia ­
m e n t a n d  p re su m a b ly  w ill be . T h e  
ch ie f re a so n  fo r th e  p o s tp o n e m e n t 
is financial. T h e  g o v ern m en t is c u t­
tin g  b ack  on sp e n d in g  w h e re v e r 
p o ss ib le  in  its  d riv e  to  check  in fla ­
tion .

Japan

Open door
A ll th e  m ajo r sem ico n d u c to r m a n u ­
fac tu re rs  in  J a p a n  a re  h u s tlin g  to  
b o o st th e ir  o u tp u t of in te g ra te d  
c ircu its  a n d  m o st w ill b e  re a d y  to  
p o u r  th em  o u t in  q u a n tity  n e x t 
year. E v en  so, a  m a rk e t o f sorts 
seem s to  b e  o p en in g  u p  fo r  o u t­

s id e rs , n o ta b ly  U n ite d  S ta tes co m ­
p an ie s .

D u r in g  th e  six -m onth  p e rio d  th a t  
e n d e d  w ith  S ep tem b er, ic  im p o rts  
b o o m ed . T h e  M in istry  of In te rn a ­
tio n a l T ra d e  a n d  In d u s try  (M it i), 
w h ic h  rid e s  h e rd  on  th e  c o u n try ’s 
fo re ig n  tra d e , says im p o rts  fo r th e  
p e r io d  to ta le d  345,000 c ircu its  
w o rth  $1,555,000. M ost w e n t to  
c o m p u te r  m akers fo r th e ir  th ird -  
g e n e ra tio n  m odels.

M m  h a s  b e e n  k e e p in g  a  c lose  eye  
on  ic  im p o rts , a n d  last sp rin g  it 
q u ie tly  se t u p  th e  ad m in is tra tiv e  
m a c h in e ry  to  re s tr ic t im p o rts  of all 
d ig ita l  ic ’s a n d  lin ea r c ircu its  h a v ­
in g  m o re  th a n  35 e lem en ts  on  a 
sin g le  ch ip . A lth o u g h  miti re q u ire s  
im p o r t  licenses fo r  th e se  tw o  c a te ­
gories, i t  h as  th u s  fa r  a p p ro v e d  all 
re q u e s ts .

H o w  lo n g  miti p lan s to  k eep  th e  
d o o r w id e  o p en  is a n y b o d y ’s guess. 
T h e  im p o rt con tro ls w e re  se t u p  to  
sh e lte r  Ja p a n e se  c o m p u te r  m akers, 
m o st o f w h o m  p la n  to  p ro d u c e  then- 
o w n  ic ’s. Ja p a n e se  officials m a in ta in  
th e  p ro te c tio n  is ju stified  b e c a u se  
th e  c o u n try ’s se m ico n d u c to r p ro ­
d u ce rs , u n lik e  m ost of th e ir  U.S. 
c o u n te rp a r ts , h a v e n ’t  h a d  th e  s u p ­
p o r t  o f m ilita ry  c o n trac ts  to  g e t 
th e m  in to  ic  p ro d u c tio n .

M m  se t u p  th e  ic  im p o rt con tro ls 
la rg e ly  b e c a u se  it w a n te d  to  m ak e
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su re  Ja p a n e se  c o m p an ie s  w o u ld n ’t  
b e  d isc o u ra g e d  b y  a flood of low - 
p rice  U .S. c ircu its  co m in g  in to  th e  
m ark e t. R ig h t n o w . d e m a n d  fo r ic ’s 
is ru n n in g  w ell a h e a d  o f Ja p a n e se  
p ro d u c tio n  c a p a c ity  so th e re ’s no  
ta lk  of in v o k in g  a  b a n . A n d  even  
as Ja p a n e se  ic  c a p a c ity  c a tch es  u p , 
m i t t  m ost likely  w ill le av e  th e  doo r 
a t lea s t p a r t ly  o p en ; th e  o u tr ig h t 
re s tric tio n  of c o m p u te r-c irc u it  im ­
p o rts  w o u ld  te n d  to  m ak e  th e  c o u n ­
try ’s c o m p u te r  in d u s try  n o n c o m ­
p e titiv e  in  w o rld  m ark e ts .

Mexico

Double play
M exico m ay  w e ll b e c o m e  th e  H o n g  
K ong of N o rth  A m erica  if th e  tw in - 
p la n t co n cep t tak es h o ld  in  th e  e lec ­
tron ics in d u stry .

T h e  tw o  p la n ts— o ne in  M exico 
an d  th e  o th e r  in  th e  U n ite d  S tates 
— o p e ra te  u n d e r  a sin g le  m a n a g e ­
m en t. T h e  M exican  fa c ility  h an d le s  
la b o r in ten s iv e  o p e ra tio n s  a n d  th e  
U.S. p la n t  ca rries  o u t th e  te c h n o ­
logical o p e ra tio n s  p lu s  fin ish ing  
touches.

T h is ta c tic  is p o ss ib le  b e c a u se  
M exico allow s c o m p an ie s  d u ty -fre e  
im p o rt of ra w  m a te ria ls  a n d  p la n t 
e q u ip m e n t if th e y  ex p o rt th e  p ro d ­
u c t m a n u fa c tu re d  in  M exico  b ack  
to  th e  U.S. A m erican  custom s levy  
a d u ty  on ly  on th e  a d d e d  v a lu e —  
an a m o u n t th a t  is v e ry  low .

T h e re  a re  signs th a t  th e  id e a  is 
a lre a d y  ca tc h in g  on. T h e  sem ico n ­
d u c to r  d iv ision  of th e  F a irc h ild  
C am era  &: In s tru m e n t C o rp ., fo r ex­
am p le , se t u p  a  p la n t  in  T iju a n a  
last Ju ly  to  tu rn  o u t tran sis to rs . T h e  
T ran sitro n  E le c tro n ic  C o rp . b u i l t  a 
tran s is to r  p la n t  in  N u ev o  L a re d o  
th a t is sc h e d u le d  to  s ta r t  p ro d u c tio n  
b e fo re  th e  y e a r  is ou t. T ra n s itro n  
a lre a d y  has a  p la n t  ju s t across th e  
b o rd e r  a t  L a re d o , T exas. S evera l 
o th e r la rg e  e lec tro n ics  com p an ies  
in  th e  U .S., a w a re  of th e  p o ss ib ili­
ties, a re  also  co n s id e rin g  p la n ts  in  
th e  b o rd e r  a reas  of M exico.

Big border. A lth o u g h  th e  U .S .- 
M exican  b o rd e r  s tre tc h e s  fo r 2,000 
m iles, th e  tw o -p la n t sch em e  w orks 
b e s t  w h en  th e  M ex ican  la b o r  is

close to  m a n u fa c tu r in g  a reas  in  th e  
U .S. T h is  is e sp ec ia lly  tru e  fo r th e  
e lec tro n ics  in d u s try  in  S o u th e rn  
C a lifo rn ia  w h ich  can  d ra w  on  a 
c h e a p  la b o r fo rce  of 120,000 from  
th e  M exican  to w n s of T iju an a , T e- 
ca te  an d  E n se n a d a . T h e  c o n c e p t 
h as  w o rk ed  w ell fo r th e  p a s t  tw o 
y ea rs  in E l P aso , T exas, w h ere  
m a n u fa c tu re rs  of p ly w o o d  doors, 
w ro u g h t- iro n  g a rd en  fu rn itu re  an d  
g a rm e n ts  e re c te d  p la n ts  ac ro ss  th e  
b o rd e r  in Juarez .

U n sk illed  lab o r in T iju an a  costs  
60 to  75 cen ts  an  h o u r  in c lu d in g  
all fr in g e  benefits . By co m p ariso n , 
w ag es  in  L os A ngeles, 125 m iles 
to  th e  n o rth , are a b o u t $2.25 to  
$2.40 an  h o u r in c lu d in g  all frin g e  
benefits , o r $65 a w eek  h ig h e r.

T h e  1965 m a n u fa c tu r in g  p ay ro ll 
in  S o u th e rn  C a lifo rn ia  w as e s ti­
m a te d  a t  a b o u t $7 b illion . T h e  p o ­
te n tia l fo r p ro d u c tio n  of se m im a n u ­
fa c tu re d  goods in th e  T iju a n a  a re a  
is p laced  co n se rv a tiv e ly  a t  $100 m il­
lion to  $200 m illion  a year. I f  th e  
e n tire  U .S. fro n tie r  is in c lu d ed , th e  
figure  b eco m es tw o  o r th re e  tim es 
g rea ter.

Opportunity. T h e  tw in -p la n t id ea  
g ives M exico  a good ch an ce  to  in ­
c rease  ex p o rts  o f m a n u fa c tu re d  
goods— b o th  fin ished  a n d  sem i­
m a n u fa c tu re d — in to  th e  U .S . m a r­
ket. O v er $1 b illio n  w o rth  of lab o r- 
in ten s iv e  fin ished  goods, m ain ly  
from  Ja p a n  an d  E u ro p e , w e re  im ­
p o rte d  b y  th e  U .S . in  1965. E le c ­
tro n ic s  goods ac c o u n te d  fo r $296 
m illion  of th is  to ta l— th e  sing le  
la rg e s t item . Som e m a rk e tin g  ex­
p e r ts  th in k  th e  tw in -p la n t schem e 
w ill h e lp  M exico b o o s t its  sh a re  of 
th e  U .S . im p o rt m a rk e t fo r lab o r- 
in ten s iv e  p ro d u c ts  from  nex t-to - 
n o th in g  to  as m u ch  as $100 m illion .

The Netherlands

Cut to size
E lec tro n ic s  com pan ies h av e  to  
th in k  b ig  to d a y  to  k eep  a b re a s t  of 
ra p id  ch an g es in tech n o lo g y  an d  
th e  tre n d  to w a rd  la rg e r  m arkets . 
B u t P h ilip s  G lo e ilam p en fab riek en  
NV, th e  D u tc h  e lec tron ics g ian t, is 
p u rp o se ly  th in k in g  sm all in  a  p ilo t

p ro je c t d e s ig n e d  to  h e lp  d e v e lo p ­
in g  c o u n tr ie s  e s ta b lish  th e ir  o w n  
e le c tro n ic s  in d u s tr ie s .

T h e  p ro je c t, u n d e r  w a y  in  
U tre c h t, th e  N e th e r la n d s , s im u ­
la te s  th e  eco n o m ic  c o n d itio n s  th a t  
fa c e  p la n ts  in  le ss -d e v e lo p e d  a re a s  
of A sia , A frica  a n d  L a tin  A m erica . 
T h e  U tre c h t p la n t  evo lved  in  m u c h  
th e  sam e  w ay  a fac ility  in  A frica  
m ig h t, s ta r t in g  w ith  th e  s im p le  a s ­
se m b ly  of ra d io  a n d  te lev is io n  se ts  
a n d  p a s s in g  b y  s ta g e s  to  th e  m a n ­
u fa c tu re  of som e com plex  co m ­
p o n e n ts .

Do it yourself. T h e  id ea  w a s  c o n ­
ce iv ed  a n d  p u t  in m otion  b y  44- 
y ea r-o ld  Jo h n  v an  d en  B rink , an  
18-year v e te ra n  of th e  co m p an y . 
As a s ta r te r , P h ilip s  h ire d  a b o u t 50 
u n sk ille d  or sem isk illed  w o rk e rs  
from  th e  U tre c h t  d is tr ic t  a n d  
tra in e d  th e m  to a sse m b le  ra d io  a n d  
tv  se ts .

V an  d en  B rink  reca lls: “ In  1961 
w e  m o v e d  in to  th e  g ro u n d  floor of 
a  s im p le  th re e -s to ry  a p a r tm e n t  
b u ild in g  in  one of U tre c h t’s r e s i­
d e n tia l q u a r te rs , 50 m iles fro m  th e  
m a in  w o rk s  a t  E in d h o v e n . W e  d id  
n o t  p u t  a n y  s ig n b o a rd  o r n a m e ­
p la te  on  th e  b u ild in g . W e  k n e w  
th a t  th e re  w o u ld  b e  no e x p a n s io n  
p o ss ib ilitie s  b e y o n d  the  o rig in a l
1,000 sq u a re  m e te rs . W e  ju s t  a im e d  
a t  im ita tin g  c o n d itio n s  o f a  p la n t  
in  a  d ev e lo p in g  co u n try , a n d  so w e  
re s tr ic te d  o u r c o n ta c ts  w ith  E in d ­
h o v e n  to  co m m u n ica tio n s  b y  le tte r , 
n o t  b y  p h o n e , a n d  an o c c a s io n a l 
v is it. W e  w a n te d  to  re m a in  iso la te d  
a n d  sm a ll.” So fa r  in v e s tm e n ts  
in  th e  p ilo t o p e ra tio n  h a v e  re m a in e d  
b e lo w  $280,000.

Easy does it. T h e  th e m e  o f th e  
U tre c h t p ro je c t is s im p lic ity . 
P h ilip s  re v ise d  la rg e -sca le  m ass  
p ro d u c tio n  m e th o d s  a n d  a d a p te d  
th e m  fo r co u n trie s  lack in g  a m a n u ­
fa c tu r in g  tra d itio n . T ools, e q u ip ­
m e n t, a d m in is tra tio n , d o c u m e n ta ­
tion , s to re s , in v e n to ry  co n tro l a n d  
a sse m b ly  lin es  w e re  all s c a le d  
dow n.

N o tes V an  d e n  B rink : “W e  a re  
c o n s ta n tly  on th e  lookou t fo r s im ­
p le r  p ro d u c tio n  m e th o d s , a n d  as 
fa r  as p o ss ib le , w e  m ake  o u r ow n  
too ls a n d  re p a ir  th e m .” F o r  ex­
am p le , P h ilip s  u se s  a  h o u se h o ld  
iron , o b ta in a b le  in every  d e v e lo p ­
in g  co u n try , as a h o t  p la te  in  cer-
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ta in  coil a n d  o th e r  a sse m b ly  p ro c ­
esses.

P h ilip s  fu r th e r  p e r fe c te d  the  
p ilo t m e th o d  b y  c a p ita liz in g  on its 
e rro rs . In  1962 th e  p la n t  in  U tre c h t 
s ta r te d  w ith  a  se rie s  o f sim ple  
ra d io  se ts , tu rn in g  o u t 6,000 th a t 
year. P ro d u c tio n  w as  c u t to  1,500 
in  1963 a n d  to  500 in  1964. B u t 
th is  p ro v e d  too  sm a ll a n  o u tp u t to  
k eep  th e  p la n t  fu n c tio n in g  
sm oo th ly , so p ro d u c tio n  w as  ex­
p a n d e d  to  th e  c u rre n t  4,000 se ts  
a  year. O v e r th e  y e a rs , im p ro v e ­
m en ts  in  a s se m b ly  m e th o d s  hav e  
c u t th e  n u m b e r  of m an -h o u rs  
n e e d e d  to  tu rn  o u t a  ra d io  s e t from  
3%  to  IVz. P h ilip s  ex p ec ts  to  g e t 
th e  figure  d o w n  to  a b o u t 1 m a n ­
h o u r p e r  se t n e x t y ear.

T v  se t  p ro d u c tio n  w as  s ta r te d  in  
1963 a n d  to d a y  th e  p la n t  tu rn s  o u t 
b e tw e e n  2,000 a n d  4,000 se ts  
yearly .

Step-by-step. T h e  e n tire  p ro g ra m  
e m b ra c e s  th re e  s ta g e s . In  th e  first, 
w o rk ers  tra in in g  a t  U tre c h t  sim ply  
a sse m b le  a ra d io  o r tv  s e t  u s in g  
“ im p o rte d ” co m p o n e n ts . In  th e  
seco n d  s tag e , th e y  m a n u fa c tu re  
som e c o m p o n e n ts ; fo r  ex am p le , a 
v a ria b le  c o n d e n se r  is m a d e  w ith  
p la te s  m a n u fa c tu re d  e lsew h ere . A 
coil o r a  lo u d sp e a k e r  m ay  b e  fa s h ­
io n ed  in  th e  sam e  m a n n e r. F in a lly , 
in  s tag e  th re e , th e  w o rk e rs  m a n u ­
fa c tu re  som e c o m p o n e n ts  from  ra w  
m a te ria ls .

P h ilip s  n o w  is lo o k in g  a t  th e  p o s ­
sib ility  of u s in g  th e  U tre c h t a p ­
p ro a c h  fo r te le c o m m u n ica tio n s

e q u ip m e n t a n d  d a ta  p ro c e ss in g  
e q u ip m en t. S u b s ta n tia l m ark e ts  
fo r  b o th  seem  c e rta in  as th e  d e v e l­
o p in g  co u n tries  sh ift from  a g ric u l­
tu ra l to  in d u s tr ia l econom ies.

P h ilip s  is n o w  offering  th e  ex­
p e rie n c e  g a in ed  a t U tre c h t to  d e ­
v e lo p in g  co u n trie s . T ra in e e s  from  
sm a ll n a tio n s  sp e n d  th re e  m o n th s  
to  six m o n th s w o rk in g  a t  U tre c h t 
a n d  th e n  tak e  th e  te ch n ica l k n o w ­
h o w  b a c k  h o m e w ith  them . T h e  
U n ite d  N atio n s h as  ex p re sse d  in ­
te re s t  in  th e  p la n t  a n d  som e p e r ­
so n n e l a re  b e in g  tra in e d  on  th e  
sp o t overseas.

U tre c h t “p ack ag es” a re  so ld  
n o t on ly  to  P h ilip ’s sm all p la n ts  
a b ro a d  b u t  a lso  to  p u re ly  n a tio n a l 
fac to ries . T h e  p ack ag es  in c lu d e  
co m p le te  ra d io  or tv  assem b ly  lines 
p lu s  c e rta in  co m p o n en ts— all 
p a c k e d  in one la rg e  w o o d en  c ra te . 
T h e y  also  c o n ta in  in s tru c tio n s  in  
E n g lish  a lo n g  w ith  illu s tra tio n s . 
P h ilip s  w ill n o t say  h o w  m u ch  th e  
p a c k a g e  costs.

So far, re p o r ts  V an  den  B rink, 
th e  p ack ag es  h av e  b e e n  so ld  in  
over 25 d iffe ren t co u n trie s , in c lu d ­
in g  In d o n esia , In d ia , P a k is ta n , 
C ey lon , N ig eria , C ongo, G h an a , 
E th io p ia , C o sta  R ica, P eru , U ru ­
guay , G reece  a n d  T urkey .

Returns. T h e  P h ilip s  p lan  to  give 
em erg in g  n a tio n s an  in d u s tr ia l 
p u s h  a p p e a rs  to  b e  a  so u n d  fin an ­
c ia l m ove. T h e  c o m p an y  is p u tt in g  
$140 m illion  a y e a r o r a b o u t 5%  of 
its  w o rld w id e  cap ita l in v e s tm e n t 
in  th e  d ev e lo p in g  coun tries. T h e

D u tc h  c o rp o ra tio n  h o p es  for a 
h e a lth y  re tu rn  over th e  y ea rs  to 
com e.

In d u s try  p ro jec tio n s  a d d  w e ig h t 
to  P h ilip s ’ ex p ec ta tio n s . By 1980 
th e  d e v e lo p in g  co u n tries  w ill ju s t 
a b o u t d o u b le  th e ir  d em a n d s  for 
c o n su m e r goods. P h ilip s , w ith  a 
sm a ll h o m e  m a rk e t, n eed s all th e  
o v e rse a s  o u tle ts  i t  can  g e t to  keep  
g ro w in g .

Great Britain

Fast number
P ro sp e c ts  a re  b r ig h t  fo r th e  in te ­
g ra te d  c irc u it  m a rk e t in  B rita in  over 
th e  n e x t fe w  y ears . F ro m  an  e s ti­
m a te d  $2.8 m illion  th is  year, th e  ic  
m a rk e t is ex p e c te d  to  m ore  th a n  
d o u b le  in  1967 to  $7.4 m illion . A nd 
th a t ’s ju s t  th e  b e g in n in g . By 1970, 
th e  m a rk e t sh o u ld  zoom  to as h ig h  
as  $35 m illion  or $40 m illion  a year.

T ro u b le  is, th e  m a rk e t is too  a t­
tra c tiv e . A h a lf-d o zen  b ig  B ritish  
co m p a n ie s  w a n t in  on  th e  ac tion  

,a n d  so do th e  A m erican  p ro d u c e rs  
o f ic ’s. A  sh ak eo u t, p e rh a p s  as early  
as la te  n e x t y ear, seem s in ev itab le  
a n d  th e  sc ra m b le  is on  to s ta k e  o u t 
m a rk e t sh a re s  now .

M u lla rd  L td . is c o u n tin g  on 
sp e e d  to  w in  en o u g h  cu s to m ers  to 
su rv iv e  th e  ro u g h  com p etitio n . T h is  
m o n th , th e  co m p an y  a n n o u n c e d  it 
w o u ld  h a v e  in  fu ll-sca le  p ro d u c tio n  
e a rly  n e x t y e a r p e rh a p s  th e  fa s te s t  
log ic  c irc u it  on  th e  m ark e t, an 
e m itte r-c o u p le d -lo g ic  ic  w ith  p ro p a ­
g a tio n  d e la y  o f 2 n an o se c o n d s  fo r 
u se  in  c e n tra l p ro c e sso rs  of h ig h ­
sp e e d  co m p u te rs .

M u lla rd ’s b asic  c ircu it is a  fou r- 
in p u t  d u a l  nand/ nor g a te  th a t  co n ­
sum es 60 m illiw a tts  p e r  s tage. I t  is 
d e s ig n e d  to  o p e ra te  w ith  lo g ic -ro u t­
in g  tran sm iss io n  lines of 75-ohm  
im p e d a n c e . M u lla rd  claim s th e  c ir ­
c u it  p e rfo rm a n c e  is a ffec ted  on ly  
“m in im a lly ” b y  te m p e ra tu re  v a r ia ­
tions a n d  says one ap p lic a tio n  fo r 
i t  c o u ld  b e  a irb o rn e  com p u te rs .

B y th e  e n d  of 1967, M u lla rd  ex­
p e c ts  to  b e  p ro d u c in g  th e  c ircu its  
a t  a  r a te  o f sev era l h u n d re d  th o u ­
sa n d  a n n u a lly  a t its S o u th a m p to n  
p la n t. T h e  fu ll line  w ill in c lu d e  a t
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le a s t six ty p es  o f g a te  c ircu its , tw o  
ty p es of flip-flop c ircu its  a n d  an  
in te rfa c e  c ircu it to  link  th e  fa s t 
c en tra l-p ro cesso r log ic  to  o th e r  
u n its  of th e  co m p u te r.

T o  sp e e d  its fa s t ecl lo g ic  in to  
co m m erc ia l p ro d u c tio n , M u lla rd  
tu rn e d  to  th e  W e s tin g h o u se  E le c ­
tr ic  C orp . fo r ic  p ro d u c tio n  te c h ­
nology . M u lla rd  also  is b a c k s to p p e d  
in  tech n o lo g y  b y  its p a re n t  com ­
p an y , P h ilip s  G lo e ila m p e n fa b rie k e n  
N V  of th e  N e th e rla n d s .

P h ilips, in  fa c t m a y  o n e  d a y  b e  
a  m ajo r o u tle t fo r th e  M u lla rd  c ir­
cu its. T h e  D u tc h  co m p a n y  p la n s  to  
h a v e  a line  of g e n e ra l-p u rp o se  com ­
p u te rs  on  th e  m a rk e t b y  1968 or 
1969. By th en , th o u g h , M u lla rd  a p ­
p a re n tly  w ill h av e  ev en  fa s te r  c ir­
cu its  in  p ro d u c tio n . M u lla rd  like 
m a n y  o th e r ic  p ro d u c e rs , h as  in  d e ­
v e lo p m e n t logic c ircu its  w ith  p ro p a ­
g a tio n  de lays less th a n  1 n a n o ­
second .

Well grounded
T h re e  of B rita in ’s m ajo r e lec tro n ics  
com p an ies  h av e  jo in e d  fo rces in  th e  
h o p e  of p ick in g  u p  a  b ig  p ie c e  of 
th e  fa s t-d ev e lo p in g  w o rld  m a rk e t 
fo r  co m m u n ica tio n s s a te llite  g ro u n d  
s ta tions.

O v er th e  n ex t sev en  o r e ig h t 
years, as m an y  as 80 g ro u n d  s ta ­
tions v e ry  likely  w ill b e  b u i l t  a ro u n d  
th e  w orld , a p o te n tia l m a rk e t of 
som e $300 m illion . A lread y , 13 
g ro u n d  s ta tions a re  o p e ra tin g  or 
u n d e r  co n stru c tio n  a ro u n d  th e  
g lobe; a n o th e r  25 a re  in  th e  a d ­
v a n c e d  p la n n in g  s tage.

T o  ta p  th a t  m ark e t, T h e  P lessey  
C o., A ssocia ted  E le c tr ic a l I n d u s ­
tries L td . a n d  th e  G e n e ra l E le c tr ic  
Co. ( a  B ritish  co m p an y  n o t affili­
a te d  w ith  its A m erican  n a m e sa k e )  
h a v e  fo rm e d  W o rld  S a te llite  T e r ­
m inals  L td . ( w s t ) .  T h e  n e w  co m ­
p a n y  p lan s to  offer s ta tio n s  on 
tu rn k e y  co n trac ts  fo r a b o u t  $2.8 
m illion  a copy  w ith  d e liv e ry  in  18 
m on ths.

W s t  a lre a d y  has b id s  in  fo r  tw o  
sta tions. O n e  is fo r H o n g  K ong, 
w h e re  th e  B ritish  co m m u n ica tio n s  
co m p an y  C ab les  a n d  W ire le ss  L td . 
p la n s  a  s ta tion . T h e  o th e r  is fo r 
G o o n h illy  D o w n s, w h e re  th e  B ritish  
p o s t office w ill b u ild  a se c o n d  sa te l­

lite  com m unica tions fac ility . E d ­
w a rd  F ennessy , wst’s ch a irm an , 
also expects th a t  th e  n e w  firm  can  
p ick  u p  b u s in e ss  in  tra d itio n a l B rit­
ish  ex p o rt m ark e ts  like A frica , th e  
M id d le  E ast, a n d  S o u th  A m erica .

Big dish. T h e  g ro u n d  s ta tio n  
p a ck ag e  wst offers uses a n  85-foot 
fu lly  s tee rab le  d ish  a n te n n a . A l­
th o u g h  it is d es ig n ed  p r im a rily  to  
w ork  w ith  u p co m in g  In te rn a tio n a l 
T e lecom m unications S a te llite  C o n ­
so rtiu m ’s synch ronous g lo b a l sa te l­
lite  system s, th e  s ta tio n  a lso  can  
h a n d le  m e d iu m -a ltitu d e  sa te llite s  
w ith  6-hour orb its. I t  is b u il t  fo r 
a ro u n d -th e -c lo ck  o p e ra tio n s  a n d  
has a b ack u p  system  th a t  sw itches 
in  au to m a tica lly  w ith in  150 m illi­
seconds a fte r  a  c o m p o n e n t fa ilu re .

A lthough  wst w ill h a n d le  sales, 
superv ise  co n stru c tio n  a n d  g e n ­
e ra lly  m an ag e  tire g ro u n d -s ta tio n  
business fo r its th re e  p a re n t  com ­
p an ies, it w ill n o t p ro d u c e  h a rd ­
w a re  fo r th e  sta tions. T h e  a n te n n a  
d ishes, s tee rin g  g ear a n d  se rvo  con ­
tro ls w ill com e from  A sso c ia ted  
E le c trica l In d u strie s . B ritish  G e n ­
e ra l E lec tric  w ill h a n d le  th e  tra n s ­
m itte rs , receivers, am p lifie rs a n d  
com m unica tions m o n ito rin g  e q u ip ­
m en t. P lessey’s c o n tr ib u tio n  in ­
volves th e  w a v e g u id e  com plex , 
au to -track in g  e q u ip m e n t a n d  th e  
co n tro l d isp lay .

Tunisia

Tourist lure
As p a r t  of a cam p aig n  to  b o ls te r  its 
econom y th ro u g h  tou rism , T u n is ia  
is tu rn in g  to  television .

M ore th a n  th e  b u s tlin g  souks of 
T un is, w h a t lu res to u ris ts  to  T u ­
n isia  a re  u n sp o iled  M e d ite rra n e a n  
b each es a n d  low  prices. Som e 160,- 
000 E u ro p e a n s  flocked in to  th e  
co u n try  th is year, c o m p a re d  to  a 
m ere  7,000 on ly  th re e  y e a rs  ago. 
T h e  to u ris t in d u stry , a lm o st n o n ­
ex isten t five years ago, b ro u g h t in  
an  estim a ted  $23 m illion  of fo re ig n  
exchange  th is year, a  su b s ta n tia l 
ch u n k  of T u n isia ’s n o n a g ric u ltu ra l 
incom e.

M any  of th e  h o lid ay -m ak ers  w ho  
sp raw l on th e  h o t san d  a ll d a y  a re

lo w er-in co m e Ita lia n s . A fte r th e  sun  
goes dow n , th e y  w a n t  m o re  ac tion . 
D e sp ite  M oslem  rese rv a tio n s  on 
d rin k in g  a n d  d a n c in g , T u n is ia n  
to u r is t  a u th o ritie s  in sis t th a t  e n te r ­
ta in m e n t— n o ta b ly  te lev is io n — is a 
m u s t fo r  re so r t h o te ls  a n d  b a rs .

F o r  th a t  rea so n , th e  g o v e rn m en t- 
o w n e d  R ad io d iffu s io n  - T elev ision  
T u n is ie n n e  p la n s  to  link  its tv  sys­
tem  w ith  I ta ly ’s n e x t year. T h e  
tie -in  w ill com e th ro u g h  a 120-m ile 
m ic ro w av e  c o n n e c tio n  b e tw e e n  
A in -D râh am , on  h ig h  g ro u n d  90 
m iles w e s t o f T u n is , a n d  Sicily. 
T h e  I ta lia n  c o m p a n y  S ocie tà  G e n ­
e ra le  d i  T e le fo n ia  e d  E le ttro n ic a  
S.p.A . has  th e  c o n tra c t to  b u i ld  th e  
link. SGTE is a  su b s id ia ry  of th e  
G e n e ra l T e le p h o n e  & E le c tro n ic s  
C orp .

T h e  g ro w in g  T u n is ia n  to u r is t  in ­
d u s try  also  sh o u ld  p ro m o te  som e 
n e w  b u sin ess  fo r  p ro d u c e rs  o f air- 
traffic -con tro l e q u ip m e n t. P la n e  
traffic  a t  th e  c o u n try ’s m ajo r a irp o rt, 
n e a r  T un is , h as  d o u b le d  o v e r th e  
la st five years, a n d  th e  g ro w th  in  
s ig h t p o in ts  to  th e  n e e d  fo r a d d i­
tio n a l e q u ip m e n t. A long  w ith  th e  
e lec tro n ics  fa llo u t from  to u rism , a 
m a rk e t fo r co m m u n ica tio n s  e q u ip ­
m en t, in d u s tr ia l  co n tro ls  a n d  te a c h ­
in g  m ach in es  sh o u ld  d e v e lo p  as 
T u n is ia  tries to  e sc a p e  fro m  th e  
s tra itja c k e t o f a la rg e ly  a g r ic u l­
tu ra l econom y.

D e sp ite  a l in g e rin g  b ia s  fo r 
F re n c h  te c h n o lo g y  (F ra n c e  ru le d  
th e  N o rth  A frican  c o u n try  fo r  75 
y e a rs )  th e  u p c o m in g  m a rk e ts  m o st 
like ly  w ill b e  o p e n  to  all com ers. 
S w ed en ’s A llm a n n a  S venska E lek - 
tr isk a  AB (asea), fo r exam ple , 
p ic k e d  u p  th e  o rd e r  fo r th e  co n tro l 
e q u ip m e n t fo r T u n is ia ’s first in te ­
g ra te d  s tee l p la n t.

Around the world

Great Britain. T h e  th re e  m ajo r 
a sso c ia tio n s  o f B ritish  re a l e s ta te  
ag e n ts  m ay  b a n d  to g e th e r  to  se t 
u p  a n a tio n w id e  p ro p e r ty  re g is te r  
on  a c o m p u te r  th a t  local a g e n ts  
co u ld  q u e ry  th ro u g h  an  on-line  sy s­
tem . T h e  B ritish  affiliate o f T h e  
N a tio n a l C a sh  R e g is te r  Co. is c o n ­
su lta n t  to  th e  a sso c ia tio n s  fo r  the  
$1.4 m illion  sch em e.
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Electronics D ivision 140
Frank Best Company Inc.

■ Bussmann Mfg. Division of
McGraw-Edison Company 17
Henderson Advertising Company

Cal Power Corporation 127
Jordan Farrell Incorporated 

Celanese Corporation o f America 114
West, Weir & Bartel Inc.

■ Clairex Corporation 172
Michel-Cather Incorporation 

C.P. Clare & Company 148, 149 to  154 
Reincke, Meyer & Finn Incorporated

■ C lifton Precision Products Company 45
Ivey Advertising Inc.

College Placement Council 177
R itter-Berger Incorporated 

Conductron MRC Division 174
Gray & K ilgore Incorporated 

Consolidated Electrodynamics
Corporation 62
Hixson & Jorgensen Incorporated

■ Dale E lectronics Incorporated 50
Swanson, Sinkey, E llis Incorporated

■ Data Instrum ents Division 146
Technical Marketing Incorporated 

D igital Equipm ent Corporation 22
Kalb & Schneider Incorporated

November 28, 1966

Dormeyer Industries 172
Symonds, D rim illa & Company Inc.

■ DuPont de Nemours & Company,
Freon Division 112
Batten, Barton, Durstine & Osborn Inc. 

DuPont de Nemours & Company,
Mylar Division 137
Batten, Barton, Durstine & Osborn Inc.

■ Eagle Signal Division of Gamewell,
Sub. of E.W. Bliss Company 35
Feeley Advertising Agency Inc.

Eastman Kodak Company 109
Rum rill Hoyt Incorporated 

Eimac Division of Varian Associates 108
Hoefer, Dieterich & Brown Inc.

■ Electro Motive Mfg. Company 143
Cory Snow Incorporated

■ Elgenco Incorporated 178
Wesco Advertising

■ Esterline Angus Instrum ent Company 66
Caldwell, Larkin & Sidener- 
Van Riper Incorporated

Fairchild Semiconductor
Inc. 12, 13, 120, 135, 136
Faust/Day Incorporated 

Fansteel M etallurgical Corporation 119
Feincke, Meyer & Finn Inc.

Ferroxcube Corporation of America 165
Solow/Wexton Inc.

Fluke Mfg. Company, John 15
Bonfield Associates Incorporated

■ General E lectric Company,
Lamp Metals & Components Div. 181
Dix & Eaton Incorporated

■ General Electric Company,
Semiconductor Division 64
George R. Nelson Incorporated 

General Instrum ent Corporation 124
Norman Allen Associates Incorporated 

General Radio Company 2nd Cover
K.E. Morang Company

Granger Associates 6
West Associates

■ Hewlett Packard, Colorado Springs
Division 166, 167, 168
Tallant Yates Incorporated

■ Hewlett Packard, Dymec Division 1
Lennen & Newell Incorporated

■ Hewlett Packard,
Loveland Division 3rd Cover
Lennen & Newell Incorporated 

H itachi Ltd. 161
Dentsu Advertising Ltd.

Honeywell Test Instrum ents 129
Campbell-M ithun Incorporated 

Hughes A irc ra ft Company 159
Foote, Cone & Belding Inc.

■ Im tra Corporation 187
S. Gunnar Myrbeck Company

■ Industro Transistor Corporation 115
Leo Hecke Incorporated

■ ITT Cannon Electric Incorporated 157
West, Weir & Bartel Inc.

ITT Semiconductor 202
Nelas & Hickok Incorporated 

Intersta te Electronics Corporation 142
Hixson & Jorgensen Incorporated 

Iowa Development Commission 175
L. W. Ramsey Advertising Agency

Jerrold Corporation, Government &
Industria l D ivision 14
Lescarboura Advertising Inc.

Kurz & Kasch Incorporated 156
Sabatino & Oppenheim Incorporated 
Advertising

Classified Advertising
F.J. Eberle, Business Mgr.

PROFESSIONAL SERVICES 190
EMPLOYMENT OPPORTUNITIES 189-191 
EQUIPMENT

(Used or Surplus New)
For Sale 191

ADVERTISERS INDEX

Atom ic Personnel, Inc. 190
Binswanger Corp. 191
Fishman Co., Philip 191
Jarrell-Ash Co. 190
Lear Siegler, Inc. 191
Mosler Research Products, Inc. 190
Radio Research Instrum ent Co 191
Servo Corp of America 190
U.S. Navy, Naval Research Lab 189
U.S. Navy, Naval Ship Systems Command 191

■ For more info rm ation on complete product 
line see advertisem ent in the latest Elec­
tron ics Buyers' Guide
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Electronics advertisers

■ Lambda Electronics Corporation
Michel Cather Incorporated

18, 19

■ Leach Corporation
Jay Chiat & Associates

65

Lockheed Missiles & Space Company
McCann-Erickson

174

McGraw Hill Book Company 110
■ Machlett Laboratories Inc.

Fuller & Smith & Ross Incorporated
■ Mallory Capacitor, a Division of

9

P. R. Mallory & Co. Inc.
Aitkin-Kynett Inc.

53

■ Market & Sons, L. Frank
George Moll Advertising Inc. 

Maryland Telecommunications

183

Incorporated
Ray E. Finn Inc.

60

James Millen Mfg. Company Inc. 185
Millen Incorporated Advertising, James

Mitsubishi Electric Corporation 
Hakuhodo Incorporated 

Motorola Semiconductor Products

162

Inc.
Lane & Bird Advertising

49, 85

Natvar Corporation
Keyes Martin & Company

158

North Atlantic Industries Inc.
Murray Heyert Associates

61

■ Pacific Measurements Incorporated
Jack Herrick Advertising Inc.

7

Pastoriza Electronics Inc.
L. K. Frank Company Inc.

180

Pennsalt Chemicals Corporation
Aitkin-Kynett Company Inc.

59

Philco Tec Rep
Ringold/Kalish Company

Radio Corporation of America

187

147, 4th
Al Paul Lefton Company 

■ Radio Materials Company, Div. of

Cover

P. R. Mallory & Company
Gallay Advertising Incorporated

179

Rohde & Schwarz Company 163
Armand Richards Advertising Agency

Rotron Mfg. Company Inc. 170
Lescarboura Advertising Incorporated

Semtech Corporation 47
Burress Advertising
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■ Siemens America Incorporated 173
Mann-Wesley Incorporated Advertising

Sierra Electronics Division, Philco-Ford 2
Hal Lawrence Incorporated

■ Silicon Transistor Corporation 141
A. D. Adams Advertising

■ Simpson Electric Company 132
Fensholt AdvertisingAgency 

Sorensen Operation/Raytheon
Company 11
James Advertising Incorporated

■ Speer Carbon Company 43
Hazard Advertising Company Inc.

Sperry Rand Corporation 58
Reach, McClinton & Company 

Sprague Electric Company, The 5, 8, 16
Harry P. Bridge Company

■ Stackpole Carbon Company, Electronics
Components Division 56
Meek & Thomas Incorporated 

Sylvania Electric Products
Incorporated 27 to 34
Tatham-Laird & KUdner Incorporated

TRW Capacitors 41
Fuller & Smith & Ross Incorporated 

Tally Corporation 113
Bonfield Associates Incorporated 

■ Tektronix Incorporated 20, 21
Hugh Dwight Advertising Inc.

Union Carbide Corporation,
Linde Division 107
J. M. Mathes Incorporated

Varian Associates Incorporated 63
Hofer, Dieterich & Brown Inc.

Wells Electronics Incorporated 187
Weco Advertising 

■ Weston Instruments Inc.
Transicoil Division 185
Arndt, Preston, Chapin,
Lamb & Keen Inc.

Wisconsin Power & Light Company 160
Ralph Timmons Company

■ For more information on complete product 
line see advertisement in the latest Elec­
tronics Buyers’ Guide
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L D Æ P U T t f i b

G£T S m i L E f t

when designers specify ITT silicon Double-Plug Diodes. 

They’re e lectrically identical to DO-7’s, but much smaller. 

They measure .160" long by .062" diameter. Get evalua­

tio n  qu an titie s  by ca lling  your ITT d is tr ib u to r  today.

‘ Including late models by Friden, Inc., Control Data, Sperry Rand Univac, SDS and DEC

ITT
S E M I C O N D U C T O R S

ITT SEMICONDUCTORS IS A DIVISION OF THE INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

EACTORIES IN WEST P A .M  BFACH E Q p ~-a r i j  C O  ^ lE O R N I A  I C L ' E ,  ASS AQ h J S ETTS HARLOW AND EOOTSCRAV ( N O  A N D  FREIBURG A N D  NURFNBFRC, GERMANY
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LOOK AT HOW THEY'VE IMPROVED 
IF AMPLIFICATION —

YOUR IF STAGES FROM TWO NEW 
RCA FRAME-GRID TYPE TUBES 
-THE IMPROVED 'JC6A FAMILY 
OF SHARP-CUTOFF PENTODES 
AND THE NEW 'KT6 FAMILY OF 
SEMI REMOTE-CUTOFF PENTODES.

WITH CONSEQUENT IMPROVEMENTS 
IN GAIN AND Qm PERMITTED 
BY NEW PLATE STRUCTURE 
INCORPORATED IN EACH FAMILY. 
'KT6 FAMILY ALSO HAS AN 
EXCELLENT SEMIREMOTE-CUTOFF 
CHARACTERISTIC FOR BETTER 
AGO CONTROL,

^ l / \ |

RCA DISTRICT OFFICES— OEM SALES: EAST, 2075 Millburn 
Ave., Maplewood, N.J. 07040, (201) 485-3900 • MID-ATLANTIC, 
605 Marlton Pike, Haddonfleld, N.J. 08034, (609) 428-4802 • 
MID-CENTRAL, 2511 East 46th St., Bldg. Q2, Atkinson Square, 
Indianapolis, Ind. 46205, (317) 546-4001 • CENTRAL, 446 East 
Howard Ave., Des Plaines, III. 60018, (312) 827-0033 • WEST, 
6363 Sunset Blvd., Hollywood, Cal. 90028, (213) 461-9171 • 
INTERNATIONAL OPERATIONS, RCA International Division: 
Central and Terminal Aves., Clark, N.J. 07066, (201) 382-1000 
• 118 Rue du Rhone, Geneva, Switzerland, 35 75 00.

3JC6A,4JC6A AND 6JC6A SHARP-CUTOFF PENTODES 
(9-PIN MINIATURES UNILATERALLY 
INTERCHANGEABLE WITH ÜC6 FAMILY)
* Pb = 3.1 W
* Pg2 = 0.7 W
* 9m =  16,000 nmho
* INTERNAL SHIELD

3KT6,4KT6 AND 6KT6 SEMI REMOTE-CUTOFF 
PENTODES (9-PIN MINIATURES)
* Pb =  3.1 W
* gm =  18,000 Mmho
* INTERNAL SHIELD
* SEPARATE BASE-PIN TERMINAL FOR G3 -

PERMITS USE OF UNBYPASSED CATHODE PESlSTOR
* TWO BASE-PIN TERMINALS FOR CATHODE 

TO REDUCE CATHODE LEAD INDUCTANCE

This is what you can expect from RCA Engineers. They are 
always on the alert for new ideas, new materials and new 
methods to give the color-TV circuit engineer tubes that will 
provide even better performance at the lowest possible cost.

For more information on the RCA ’JC6A and ’KT6 fami­
lies of receiving tubes, contact your nearest RCA District 
Office, or write to RCA Commercial Engineering, Section 
K19DE-4, Harrison, N.J. 07029.

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Nam e in Electronics

Circle 902 on reader service card


