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HI-Fl 

Transistor output; 
matches any PP tran­
sistor to 4, 8, 16 11 
speaker. Primary 48, 
36 , 12 l1 C.T.; 20 ~ 
to 20 KC ; 40 watts. 

MINIATURE 
MIL TYPE 

Metal case hermetical ­
ly sealed to MIL-T-278. 
Gold Dumet lead s 
spaced on 0.1 radius , 
for printed circuit ap­
plication. 

... ' 
· ~ ~ 

CHOPPER 

Magnetic shielded plus 
electrostatic shie ld for 
voltage isolation of 
2x10 6 • Pr ima ry 200K 
C.T. to wi thin 0.1 % . 
Secondary SOK. 

HIGH POWERED 
AUDIO 

CATHODE 
FOLLOWER 

OUTPUT ''SPECIAL" CUSTOM 

Provides equal volt­
ages to 5 loads. Pri ­
mary inductance main· 
tained to 5% with 
20 % change in DC 
unbalance and 30% 
change in AC voltages. 

A~lllll JllAN~f 1111 
Low distortion 2.5 KW 
outpu t transformer, PP 
450 TH 's 18,500 ohms 
C.T. to 24/ 6 ohms, 
20 KV hipot. 520 lbs . 

TO YOUR SPECIFICAT 
HI-FREQUENCY 

CARRIER TO 
MIL-T-27B 

Ele c trostati cal ly 
shielded , humbuck1ng, 
+ 30 dbm level. With­
in .5 db 250 cycles 
to 110 KC . 600/135, 
600 ce nterta pped to 
.1 % tol erance. 

HYBRID 
TRANSFORMER 

Two transformers each 
600 11 primary. 40K 
11 C.T. secondary 250 
cycles to 5 KC withi n 
1/• db. 40 db isolation 
ove r band. 

MICRO MODULE 

Life te sted per mi­
cromodule specs., no 
failures. !OK Q C.T. to 
lOK Q, 100 mw from 
400 ~ to 20KC. 

SUBMINIATURE BOLOMETER ULTRA-
MOLDED TRANSFORMER MINIATURE 

TRANSF.ORMER lfJ ~ 
.d_ 'f ';.--1 """"''"'"'"' • ~ Primary 10 ohms, sec- magnetically shielded 

Grade 3 with print ed ondary 530K ohms, ou tput transformer ¥, , 
circuit leads for tran- 230, 1 ratio, response D. x 1/4" H. Pri . 15K 
sistor application. 150 from 112 cycle to 25 cy- CT, Sec . BK CT ; max. 
n to 150 n at 10 db111 cles. 120 db magnetic level 50 mw; audio 
level. Size 1/2 x 1;, x shielding , plus full range response. To 
lh"; weight 5 gram s. electrostatic shielding. MIL-T-278, grade 4. 

Exceptional quality and rel iability is provided in all 
UTC designs. Over 30 years of engineering knowledge 
and experience substantiated by extensive field per­
formance assure the highest quality and most re­
liable components in the industry. Complete en­
vironmental testing facilities are incorporated to 
prove out new designs. Full analysis and evaluation 
of materials are conducted in UTC's Material and 
Chemical Laboratories. Rigid quality control mea­
sures coordinated with exhaustive statistical find­
ings and latest production procedures results in 
the industry's highest degree of reliability. Range 
covered in Audio Transformers is from 0.1 ~cles 
to 400 MC ... microwatts to 50 KW. • • 

MILITARY AND COMMERCIAL TYPES "F-OR 
EVERY PHASE OF THE ELECTRONIC( AR'f 

• POWER TRANSFORMERS • AUDIO TRANS-
FORMERS • INDUCTORS • PULSE TRANS- . 
FORMERS • ELECTRIC WAVE FILTERS • 
LUMPED CONSTANT DELAY LINES • HIGH 
Q COILS • MAGNETIC AMPLIFIERS • SAT­
URABLE REACTORS • REFERENCE UNITS 

s 

Write for catalog of,' over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 

UNITED® TRANSFORMER CO. 
DI VISION OF TRW INC. • 150 VARICK STREET, N EW YORK, N. Y. 10013 

Circle 900 on reader service card 



Transistor Parameter Measurements 
.with the hp 8405A Vector Voltmeter 

Measurement of transistor h, y or z 
parameters becomes increasingly d if­
f icu It above 100 MHz through an 
inabi lity to obtain consistently good 
open- and short-circuits. Tedious ad­
justment of tuning stubs is usually 
required for each measurement fre­
quency, and unwanted circuit oscilla­
tions often occur. 

,----- - , . qyp 
f·:. l _____ J "I 

s., 

E,, 

• 
With the 8405A Vector Voltmeter, how­
ever, it is easy to measure a slightly 
different set of parameters-the "s" 
or scattering parameters. Measurement 
is simple over a wide frequency range 
and since the parameters are measured 
with a Zo load, there is little chance for 
oscillation. The measured s parameters 
can be plotted directly on a Smith Chart 
and easily manipulated to establish op­
timum gain with matching networks. 
Or the s parameters can be translated 
into h, y, or z parameters if desired. 

JUN? 61967 

Free Ap plication Data 
Hewlett-Packard has prepared an ap­
plication note on s parameter measure­
ments. Write today for your copy of 
Application Note # 77-1, "Transistor 
Parameter Measurement", to Hewlett­
Packard, Palo Alto, California 94304. 
Europe : 54 Route des Acacias, Geneva. 

The hp 8405A Vector Voltmeter is 
a new, wideband, 2-channel RF milli­
voltmeter-phasemeter. With the 8405A, 
measurements that were formerly diffi­
cult or impossible can now be made 
quickly, easily and accurately. 

Major Specifications, HP 8405A Vector Voltmeter 

Frequency Range is 1 to 1000 MHz in 21 over­
lapping octave bands; automatic tuning with­
in each band . 

Voltage Range for Channel A (synchronizing 
channel) , 300 µ,v to 1 v rms (10-500 MHz), 
500 µ,v to 1 v rms (500-1000 MHz). 1.5 mv 
to 1 v rms (1-10 MHz). 

Voltage Range for Channel B (input to Chan­
nel A required), 100 µ,v to 1 v rms, full scale. 
Full-scale meter ranges from 100 µ,v to 1 v 
in 10 db steps. Both channels can be ex­
tended to 10 v rms with 11576A 10:1 Divider. 

Phase Range of 360° indicated on zero-center 
meter with end-scale ranges of ± 1so• , ± 60°, 
± lS 0

, ± 6° . Phase meter OFFSET of ± 1S0° 
in 10• steps permits use of ± 6° range for 
0 .1 • phase resolution at any phase angle. 

Price : $2750. 

* NPN Transistor in common emitter configuration and its equivalent 2 port scattering diagram_ 

7ME-BAVINll 
"ECHNl(IUE 

HEWLETT PACKARD 
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Sweep Oscillator gives top performance in the 
100 kHz to 110 MHz range 

All solid-state Hewlett-Packard 3211 A Sweep Oscillators with 
RF and marker plug-ins meet virtually all of your swept fre­
quency testing requirements. Variable bandwidth markers 
permit accurate, well-defined marking under a variety of 
test conditions. 

The main frame of the 3211 A contains everything you could 
hope to find in a sweeper. RF plug-ins operate at fundamental 
frequencies with good linearity and spurious mixing products 
are eliminated. Plug-in markers offer not only variable band­
width, but also Z-axis or pulse-type marking. An accurate 
59-db attenuator makes the unit a valuable tool for testing 
both high- and low-gain circuits. 

·. · Circle 2 on reader service card 

Priced at less than $1000. the 3211 A is ideal for general test­
ing in the video to VHF range where flat, linear output and an 
accurate marking system is required. Typical applications are: 
alignment, calibration and design of FM tuners and receivers 
and testing filters , amplifiers, transformers, resonant circuits 
and IF sections of TV receivers, radar and communica­
tions systems. For complete specifications, contact your local 
Hewlett-Packard field engineer or write Hewlett-Packard, 
Green Pond Road, Rockaway, NJ. 07866. 

HEWLETT PACKARD 
mea8Uring imtrumenu 
J or acience and ind11atrv 
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Technical Articles 

Design theory 102 State variables smooth the way for 
designing complex systems 
With a special performance index, an engineer 
can design a system, like a feedback control 
system, quickly 
Richard C. Dorf, University of Santa Clara 

Circuit design 107 Designer's casebook 

•Diode's resistance variation stabilizes signal 
amplitudes 

•Two flatpacks furnish pulses for IC testing 
•Integrated gates form fast monostable 

multivibrator 
• Npn amplifier delivers fast, high-voltage pulses 
•Voltage-tuned oscillator measures filter cutoff 

Space electronics 111 Integrating space telemetry systems 
with thin films on silicon 
Thin-films imposed on monolithic integrated 
circuits produce two new families of a new 
kind of hybrid circuit 
D.P. Schulz and D.J. Dooley, TRW Inc. 

Industrial 125 Wider horizons for numerical control (cover) 
electronics Integrated electronics will speed the application 

of numerical control, widening usage from 
runn ing machine tools to controlling automatic 
manufacturing centers . 
Alfred Rosenblatt, industrial electronics editor 

Title R registered U.S. Patent Office; © copyright 
1967 by McGraw-Hill Inc. All rights reserved, 
including the right to reproduce the contents 
of this publ ication, in whole or in part. 
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Readers Comment 

Computer in the clear 

To the Editor : 
The item "Freight fiasco" [May 

29, p. 56) creates the erroneous im­
pression that the fr eight-handling 
difficu lties in the new KLM freight 
center in Amsterdam were caused 
mainly by its IBM Sys tem/ 360 com­
puter. 

K LM and IBM issued the follow­
ing sta tement in H olland. I think 
it makes it clear that the IBM com­
puter was not to blame to the ex­
tent stated in the article. 

"In recent press sta tements the 
incorrect impression was given that 
the initial difficulties in the new 
KU.I freight center were caused 
mainly hy the new IB:\f System/ 360. 
This is not correct. This computer 
is being used exclusively for ad­
ministra tive purposes. 

"Although a t first the computer 
was stopped for brief periods b e­
cause of high temperatures in the 
computer room, this had no harm­
fu l effects on the handling of the 
freight. The initial difficulties were 
mainly caused by a number of 
other fac tors such as the mechani­
cal and partly automatic freight­
handling sys tem. 

"The technicians who went to 
H olland from the United Sta tes to 
work on the freight-handling sys­
tem were not IBM employees. 

"Finally, KLM stated that freight 
handling has been res tored to nor­
mal in spite of the fact that the 
new freight-handling system is not 
yet being used. The b acklog of last 
week was completely eliminated 
over th e past weekend during 
which KLM used extra manpower." 

E.S. Groo 
IBM W orld Trade Corp . 
New York 

America first 

To the Editor: 
Several of us at Amelco have 

read with great interes t your article 
"Integra ted circuits in action: part 
5, In search of the ideal logic 
scheme" [March 6, p . 149). It is an 
excellent summary of the situation 
in many respects. H owever, on 
page 156 you describe a "novel 
logic scheme" announced b y Tele­
funken. This novel logic scheme 
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Did you know Sprague makes 
a wide variety of components 

i for industrial control equipment? 

I . . L 
~~~-~~·._ •.•• :;.:~-~1:t~·-'·' ... --- ·: ·' ·~.f£ - ; ~.i.~-:::~;_., 

FAST RISE TIME 
SCR GA TE DRIVES 

Rise time less than. 1 µS. Full 180° 
phase shift for inductive load. Fail-safe­
if contact signal is lost, SCR gate pulse 
is instantly suppressed. 

ASK FOR BULLETIN 85,525 

Circle 496 on reader service card 

MOLDED-CASE 
TRIGGER TRANSFORMERS 

Molded construction for superior humid· 
ity resistance. Rated for operation where 
line voltages range up to 550 volts a-c. 
Decreased coupling capacitance redu ces 
likelihood of false triggering by line 
transients. 

ASK FOR BULLETIN 40,004 

Circle 499 on reader service card 

PROPORTIONAL 
TEMPERATURE CONTROLS 

Feature temperature control to ± \lz 0
• 

Conductive only when anode voltage 
goes through Zero. EM I-free. Also avail­
able for on-off applications. 

ASK FOR BULLETIN 89,000 

Circle 497 on reader service card 

COMMUTATING 
CAPACITORS for SCRs 

High capacitance, capable of delivering 
la rge peak currents with fast rise time 
at high repetition rates. Low inductance, 
low dissipation factor. Available with 
paper, melallized paper, film, or metal· 
lized film dielectrics. 

ASK FOR BULLETIN 2875 

Circle 500 on reader service card 

TRIGATE * 
PULSE TRANSFORMERS 

for low-cost SCR triggering 

Balanced pulse characteristics. In­
creased energy transfer efficiency. Mini­
mum saturation effect permits increased 
pulse widths. Fast pulse rise time. In­
creased current capability prevents SCR 
di/dt failure. 

ASK FOR BULLETIN 40,003 
•Trademark 

Circle 495 on reader service card 

ZERO VOLTAGE 
SWITCHES 

low-cost EMI -free device for use as 
on-off switch, proportional temperature 
control, motor speed control, circuit 
breaker, etc. Controls resistive or induc· 
live loads. No mechanical contacts to 
wear, no points to burn. 

ASK FOR BULLETIN 87,500 

Circle 498 on reader service card 

CLORINOL® CAPACITORS 
for A-C Applications 

Askarel impregnant has 
low power factor, high 
dielectric constant, high 
die lectr ic strength. 
Drawn metal cases­
no so ldered seams to 
leak . Available in 
ratings to 660 V, 
60 cy a-c. 

ASK FOR BULLETIN 4500C 

Circle 501 on reader service card 

For additional data, wr ite Technical literature Service, Sprague Electric Co., 35 Marshall St., 
North Adams, Mass. 01247, indicating the Engineering Bulletins in which you ore interested. 

SP R .~ G U E C 0 M P 0 NE NT S 

CAPACITORS 

TRANSISTORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

PULSE TRAN SFORMERS 

INTERFERENCE FILTERS 

PULSE·FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 
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CERAM IC·BASE PRINTED NETWORKS 

PACKAGED CO MPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

.a 
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An automatic capacitor-test system 
produced by General Radio. i 

These are the basic bui lding blocks for a 
variety of automatic capacitance-measuring 
systems that can test capacitors at rates 
as high as 120 per minute. Such systems 
are used for production testing and sorting , 
incoming inspection, ze ro-defects quality­
assurance programs, and environmenta l­
test runs for design evaluation. Cost 
analyses by owners of 1680 systems indi­
cate sav ings of up to 80 % or more on the 
per-unit cost of component inspection over 
manual methods. 

The heart of each system is GR's 1680 
Automatic Capacitance Bridge, which 
automatically selects C and D (or G) range, 
balances, and displays measu rements in 
digital form. Measurement range is 0.01 pF 
to 1000 µF and basic accuracy is 0.1 % of 
reading for C and G, 1 % of reading 
± 0.001 for D. Price is $4975 in U.S.A. 

Other system components designed 
around the 1680 bridge are shown below: 

Three of these instruments are new: 

Type 1770 Scanner System, for sequent ial 
connection of many capac itors to the 
bridge; modu lar construction permits up 
to 100 input channels; guarded connection; 
six operating modes; visua l display and 
BCD output of channe l number. Price 
dependent upon requirements; about 
$3500 for a guarded , 50-channel model. 

Type 1781 Digital Limit Comparator, makes 
possible full y automatic capacitor sorting; 
compares BCD output of the 1680 bridge 
with limits of C and D (or G), preset on the 
1781 front panel; GO /NO-GO visual indica­
tion and relay-contact output. Price, 
$1625 in U.S.A. 

Type 1791 Card-Punch Coupler, a parallel­
to-serial converter for driving an IBM 526 
Card Punch from the BCD output of the 
1680 br id ge and other digital instruments; 
22-d igit capac ity. Price on request. 

For additional information, write General 
Radio Company, W. Concord, 
Massachusetts 01781 ; telephone (617) 
369-4400; TWX (710) 347-1051. 

GENERAL RADIO 

Circle 6 on reader service card 



has been in production at Amelco 
since August, 1966. [Weygandt re­
fers to DTLZ, a form of DTL in which 
a zener diode replaces the level 
shifting diode in order to provide a 
large voltage swing between the 0 
and 1 levels . Amelco calls its ver­
sion HNIL, for high noise immunity 
logic.] 

I am sure that even the most ex­
tensive research occasionally fails 
to turn up all of the pertinent in­
formation on a subject. But at the 
same time, it would seem to b e a 
disservice to your readers to let 
them know about a form of logic 
going into production in \Vest Ger­
many and not tell them about the 
same logic being produced in the 
U.S. \ Ve believe that Telefunken 
had been working on a high noise 
immunity logic as long ago as two 
to three years. H owever, we don ' t 
believe they had reach ed produc­
tion status when the Electronics' 
article was written. 

Philip A. W eygandt 
Advertising manager 
Amelco Semiconductor 
Mountain View, Calif. 

• DTLZ and HKIL are one and the 
same. 

No limit 

To the Editor: 
In "Integra ted circuits .in action, 

Part 6" [May 29, p. 76] R.W. \~Tard 
discusses magnetostrictive delay 
lines as b eing limited to use over 
a tempera ture range of 0° to 50°C. 
Such is by no means the case. 
Production-line AN/ ARN-78 loran C 
and AN/ ARN-85 loran C/ D receiv­
ers use a miniature 458-bit, 1-Mhz 
delay line with performance and 
test specifications of operation 
from -50°C to + 125°C. 

A description of the prototype 

model of these microcircuit receiv­
ers appeared in Electronics [Jan. 
31, 1964, p. 23] . 

Our delay line is hermetically 
sealed, has no adjustments, and is 
packaged together with reclocking 
circuits and interface circuits on a 
4" x 63/s" x %" plug-in card. It 
connects directly with standard 
RTL integrated microcircuits. 

Robert L. Frank 
Sperry Gyroscope Corp. 
Grea t Neck, N.Y. 

Second chance 

To the Editor: 
Don' t you think the example you 

gave in your editorial [June 12, p. 
23] is worth a footnote .in the next 
edition of "Parkinson's Law"? You 
indicate that the Air Force should 
be unhappy about not having fi­
nanced all of HCA's development of 
the gallium arsenide transistor. 
This is vvhat I gather from your 
conclusion that the Air Force is 
lucky to get a chance to supply fur­
ther funds . 

I suspect this is a paraphrase of 
a "law" which may be worded 
something like this: "It is good for 
the Government to fund research ; 
therefore, to withhold public funds 
from research is bad." 

But I'm quite sure that the Air 
Force officers, even though they 
may feel guilty about having 
broken the law will eventually b e 
forgiven and permitted to obtain 
the new tran sistors. 

S. Therman 
Elmhurst, N.Y. 

Readers' letters should be addressed: 
To the Editor, 
Electronics, 
330 West 42nd Street, New York, 
N.Y. 10036 
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World's most 
sophisticated 

little 
computer: 

Systron-Donner's desk-top a n a log 
computers are ava il able with built-in 
digital logic that enables you to solve 
problems the way the big computers 
do. You can program sub-routines . Run 
iterative solutions at rates up to I 00 
computations per second. C hange near­
ly any parameter automat ically during 
a computation. For example, initial 
conditions, coefficients , fixed voltages 
and patch board connections can be pro­
grammed to change at a preset time or 
when a variable reaches a preset value. 

Though capable of these sophisticated 
operations, Systron-Donner computers 
are unusually simple to set up. The re­
movable patchboards are coded to 
match textbook d iagrams. A " static 
check" button verifies integrator ampli­
tude sca ling instantly. A " dynamic 
check" button tests integrator time 
scaling without disturbing patching. 

The 20-amplifier computer shown 
here is our smalles t. We h ave 40 and 
l 00-amplifier models . All use identical 
plug-in components. To get a good , close 
look at what you can do with these extra­
ordinary computers, send for our abun­
dantly illustrated 16-page brochure. 

Send for free brochure 
~v.. 

e!E> 
• .,.T .. (> .. ~QQ .... lf. 

DONNER 

Systron-Donner Corporation, 
888 Galindo Street, Concord, California 
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New solid 
tantalum 
capacitor for 
printed circuits~ 

actual size 

TIM miniatures are fully molded in a rectangular 
epoxy case that makes maximum use of space 
on printed circuit boards. Parallel leads, spaced .125". 
Ideal for automatic insertion. 

Exceptionally stable electrical characteristics, proved by 
5000-hour life test at 85°C ... long shelf life. 

Excellent performance in severe environments ••• 
values stay well within spec limits after 
5000-hour humidity test. 

One case size: .345" by .288" by .105" thick. 
Values from 12 mfd, 3 volts to .68 mfd, 50 volts. 
Temperature rating -55°C to + 85°C at full 
voltage, + 125°C at% nominal voltage. 

Write for Bulletin 4-82, and for quotation. 
Mallory Capacitor Company, a division of 
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206. 

MALLORY 
Circle 8 on reader service card 

People 

In Japan, engineers stay put. Ex­
cept for a brief flurry right after the 
war, few have quit jobs to start 
their own com-
panies-and the 0 
same holds true 
for job hopping. ";. . · ~ 
So when Ta­
dashi Nakamura 
l eft his en gi­
neering job at 
Kobe Industries 
Corp. last year Tadashi Nakamura 

at the age of 44 to launch Ise Elec­
tronics Corp., he not only made a 
dream come true but flouted cus­
tom in a nation where custom 
counts. 

Nakamura made the move be­
cause he wanted to market his own 
ideas. Prime among them is the 
Digitron, an inside-out cathode-ray 
tu be designed as a digital readout 
for desk calculators [Electronics, 
May 29, p. 212]. It was born out 
of a remark by Nakamura's boss at 
Kobe that a better display h1be was 
needed, and the suggestion that 
Kobe's Hayakawa division might 
beat a path to the door of the man 
who invented one. The result: 
Hayakawa developed the Digitron 
with Ise and is incorporating it into 
a line of calculators scheduled to 
appear this fall. 

Logical step. The Digitron, says 
Nakamura, developed logically from 
the requirements. Low-energy volt­
age means low-energy electrons; 
it's ridiculous, says Nakamura, to 
direct them against the back of the 
phosphor, as in high-energy elec­
tron-beam devices. ·with low-energy 
beams, generation of secondary 
electrons is low, and phosphor 
backing must be conductive to pre­
vent the collection of a charge that 
would make the device inopera­
tive. By directing electrons against 
the front of the phosphor, it's pos­
sible to use nontransparent backing 
for the phosphor and simplify fab­
rication. 

\Vhat's ahead for Nakamura and 
Ise? 

First comes expansion of the staff 
from 40 to 60; on the drawing board 
are plans to produce equipment 
using display tubes, including dig­
ital voltmeters and counters. This 
will enable Ise to produce finished 
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HOW DID WE GET 
TO BE 

NUMBER 2 IN 
INTEGRATED CIRCUITS? 

@ MOTOROLA Semiconductor Products Inc. 
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New from Sprague! 

S Times the Resistance of 
a Conventional Metal-Film Resistor 

of Equal Size! 

Wattage Maximum 
Type Rating Size Resistance 

Extended-Range .095 II D. 
Filmistor 1/ 10 .250 II l. 1.5 MU 
Resistor 

Conventional .095 II D, . 
Metal-Film 1/10 .250 II l. 0.3 MU 

Resistor 

EXTENDED-RANGE FILMISTOR® 
METAL-FILM RESISTORS 

Substantial saving of space in all wattage ratings -
l /20, l /10, l /8 , l /4 l /2, and 1 watt-with 

absolutely NO SACRIFICE IN ST ABILITY! 
Extended-Range Filmistor Resistors now offer, in addition to accuracy ... sta­
bility ... reli ability ... resistance values in size reductions which were previously 
unobta inable. Size and weight advantages of Filmistor Resistors now make them 
ideal for applications in high-impedance circuits, field-effect transistor circuits, 
etc. Many designs which previously had to settle for the higher temperature 
coefficients of carbon-film resistors in order to obtain required resistance values 
can now utilize the low and controlled temperature coefficients of Filmistor 
Metal-Film Resistors. 

Other key features are ± l % standard resistance tolerance, low inherent noise 
level, negligible voltage coefficient of resistance, and tough molded case for 
protection against mechanical damage and humidity. 

For complete technical data, write for Engineering Bulletin 
7025C to Technical Literature Service , Sprague Electric Co., 

35 Marshall Street, North Adams, Massachusetts 01247. 

SPRAGUE COMPONENTS 

RESISTORS 
CAPACITORS 
TRANSISTORS 
INTEGRATED CIRCUITS 
THIN-FILM MICROCIRCUITS 
INTERFERENCE FILTERS 
'4 SR · 6139 

PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
MAGNETIC COM PONENTS 
PULSE TRANSFORMERS 
CERAMIC-BASE PRINTED NETWORKS 
PULSE-FORMING NETWORKS 

10 Circle 10 on reader service card 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Spraaue' and ·@· are rea1ste1ed trademarks of the Spraaue Electnc Co. 

People 

products rather than components 
and secure a stable market for a 
portion of its device production. 

The General Electric Co., an elec­
tronics giant but a latecomer to the 
integrated-circuit field, is moving 
to close the gap. 
It named Don­
ald G. Paterson 
manager of en­
gineering for 
GE's new Inte­
grated Circuit 
Center in Syra­
cuse, N.Y. At 32, 
he already has Donald Paterson 

10 years of experience in semicon­
ductor work, including re responsi­
bilities with Motorola Inc. and the 
Sperry Rand Corp. He'll be in 
charge of design, development, and 
fabrication of new and special re's. 

Digital drive. Paterson predicts 
that GE will be among the re lead­
ers "before the '70' s." But he also 
makes it clear that the company has 
no intention of getting there via the 
me-too route as a second source for 
digital re's. "'Ve're developing new 
linear circuits , largely aimed at con­
sumer and commercial applications. 
We intend to build up a capability 
in LSI ( large-scale integration) in 
both bipolar and ~cos (metal oxide 
semiconductor) technologies. We 
also have a strong interest in the 
TTL (transistor-transistor logic) 
technology as a possible spearhead 
for our digital efforts ," he reports . 

CE recently introduced ic's for 
triggering thyristors , signal-proc­
essing re's for consumer entertain­
ment equipment, and some general­
purposc linear units. In the wings, 
savs Paterson, are re's for motor 
co;1trol and power regulation. 

The center will serve as a focal 
point for all the company's micro­
electronics research and develop­
ment. It also will concentrate on 
new applications, advanced fabri­
cation processes, and act as a clear­
ing house for intracompany re needs 
- -including those of the computer 
division in Phoenix. 

Electronics [ J une 26, 1967 



TRW's T-368/URT transmitters* use 
Machlett variable vacuum capacitors 

For peak performance under adverse temperature and humidity conditions, 
TRW's rugged field transmitters for military teletypewriter communications 
use ML-VCV 128 ceram ic variable vacuum capacitors. 
The ML-VCV 12 series: 20-1500 pF; 7.5; 10, 15 kV and 75A RMS. 
Direct replacements for previously used glass capacitors, these 
ceram ic units prov ide great structural rig idity and low capacitance 
change with temperature var iation . 
Send for " Vacuum Variab le Capacitors-An Introduction to their 
Design , Ratings and Installat ion ," printed in the Machlett Cathode Press: 
The Machlett Laboratories, Inc., 1063 Hope St., Stamford, Conn. 06907. 

• u sed in Radio Set AN/ GRC-260 , Freq uency Range: 1.5-20 me 
Powe r levels : AM voice or FSK/ AM 400 watts, CW or FSK 450 watts. 

The Machlett Laborato ries , Inc., welcomes resumes from engineers and scientists. 

THE MACHLETT LABORATORIES, INC. 

A SUBSIDIARY OF RAYTHEON COMPANY 
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Total monolithic 
integration of 
analog 
subsystems: 

When? 
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Now. Big things are happening in Linear Integrated Circuits. And they're happening where they've 
always happened - at Fairchild (that 's why we supply more LIC's off-the-shelf than all other 
manufacturers combined) . We've got a pile of new data that belongs in your hands. Take a look: 

NEW, IMPROVED PERFORMANCE 
We've done new things with old products. The original 702 and 
71 O circuits have powerful new specifications: 

µA702 - Wideband 
OC AMPLIFIER 

µA710 - High Speed 
Differential Comparator 

Typ ical Typical 
Parameters New Former Parameters New Former 
Vos 0.5mV 2.0mV Vos 0.6mV 2.0mV 
los J80nA 700nA los 750nA l.OµA 
Ave 3,600 2,600 Ion 40nS 40nS 
Vos / 6 T 2.5µV/ °C Avo- J,700 J,500 

Vos / e;T 2.5µV/°C 

NEW PRODUCTS 
We've introduced three completely new circuits to allow you 
even greater design flexibility: 

µA716 - Low Distortion µA726 - Temperature µA730 - 01fferent1al 

·~ '@" ·~ 
Ave 
THO 
lout 
Vout 

Typical Characteristics 
JO, 20, JOO, 200 
0.05%@ J50mW 
JOOmA pk 
J3V P·P 

Typical Characteristics 
6 Vbe / T 0.2µV /°C 
6 1b/ T J0pA/°C 
hFE 400 ± 5% 

1- 55 to + J25°CI lie= JOOµ A 
LVern 30V 

TOTAL LINEAR CAPABILITY 

Typ ical Characteristics 
Ave J45 
Vos lmV 
los 0.5µ A 
V0 ,, 8 V P·P 
Rout 700 

Fairchild volume production gives you the quantity you need of 
the circuit you need, when you need it. Choose from the improved 
702 and 710; the all-new 716, 726 and 730 ; or from these field­
proven standards: 

µA703 - Rf-If 
limiting Amplifier 

Typical Characteristi cs 

Gm 35 mmhos 
Y,2 .001 mmhos 
10 ,, 4mAp·p 
R;n 3Kn 

µA709 - High Gain 
Operational Amplifier 

Typical Parameters 
Vos lmV 
los 50nA 
Ave 45,000 
Vout ± 14V 

µAll 1 - High Speed 
Dual Comparator 

Typical Parameters 
Vos l.OmV 
los 0.5µ A 
ton 40nS 
Ave J,500 

NEW, LOWER PRICES 
Fairchild sells more so Fairchild sells for less. Our high volume 
allows us to again reduce your costs, across the board. For 
instance, look at these new prices: 

702C ....... .. .. .. ... $ 5.50 711 C . . . . ... . . .... ... $16.00 
703E . . . . . . . . . . . . . . . . 1.50 716C ... . .. . .. . ..... . 5.75 
709C . . . . . . . . . . . . . . . . 5.95 726C . . . . . . . . . . . . . . . . 12.50 
71 OC . . . . . . . . . . . . . . . . 4.95 730C . . . . . . . . . . . . . . . . 3.85 

(all prices are 1000-quantity, industrial grades) 

FREE, NEW APPLICATIONS HANDBOOK 

Linear 

Integrated 

Circuit 

Applications 

Handbook 

For a limited time, we'll send all 
inquirers our new 150-page Fair­
child Linear Integrated Circuit 
Applications Handbook (just off 
the press). It's crammed with 
new design ideas, new applica­
tions , and new information on 
how to cut costs and improve 
performance utilizing Total 
Monolithic Integration (we'll also 
include complete specification 
data on the entire Fairchild LIC 
line). Along with this information, 
you receive complete rules and 
entry forms for our Special LIC 
Contest (see below) . 

FAIRCHILCJ 

SEMICONDUCTOR 

FAIRCHILD SEMI CONDUCTOR / A Division of Fa irchild Camera an d Instrument Corporation • 313 Fairchild Drive, Mounta in View, Cal ifornia 94040, (415) 962-5011 •TWX: 910-379-6435 
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Meetings 

Aerospace Systems Conference and 
Engineering Display, Society of 
Automotive Engineers; Statler Hilton 
Hotel, Los Angeles, June 27-29. 

Automatic Control Conference, 
Instrument Society of America; 
Un iversity of Pennsylvan ia, 
Ph iladelphia, June 28-30. 

Symposium on Electromagnetic 
Compatibility, IEEE; Shoreham Hotel, 
Wash ington, July 18-20. 

Medac Symposium and Exhibition, 
Association for the Advancement of 
Medical Instrumentation; Hilton Hotel , 
San Francisco, July 31-Aug. 4. 

Technical Symposium, Society of Photo­
Optical Instrumentation Eng ineers; 
International Hotel , Los Angeles, 
Aug. 7-11. 

Electromagnetic Measurement and 
Standards, National Bureau of 
Standards; University of Colorado, 
Bou lder, Colo., Aug. 7-18. 

Conference on Energy Conversion 
Engineering, American Society of 
Mechanical Engineers; Miami Beach, 
Aug. 13-17. 

Conference on Medical and Biological 
Engineering, Royal Swed ish Acad emy of 
Engineering Sciences; Stockho lm , 
Aug. 14·19. 

International Conference on Medical 
and Biological Engineering, 
Internat ional Federat ion for Medical 
and Biological Engineers; Stockholm, 
Sweden, Aug. 14-19. 

Cryogenic Exposition, Cryogenic 
Society of America; Cabana Motor 
Hotel, Pa lo Alto, Ca lif, Aug. 20·23-

Cryogenic Engineering Conference, 
Cryogenic Engineers; Sta nford 
University, San Francisco, Aug. 21-23. 

International Conference on Phenomena 
in Ionized Gases, Internationa l Atomic 
Energy Agency; Vienn a, Austria, 
Aug. 27-Sept. 2. 

Cornell Conference on Engineering 
Applications of Electronic Phenomena, 
Cornell University and Office of Naval 
Research; Cornell University, Ithaca, 
N.Y., Aug. 29-31. 

Association for Computing Machinery 
Conference, Association for Computing 
Machinery; Sheraton Park Hotel, 
Washington, Aug. 29-31. 

Guidance, Control, and Flight Dynamics 
Conference, American Institute of 
Aeronautics and Astronautics; Sheraton 
Motor Inn, Huntsville, Ala., Aug. 14-16.* 

Short Courses 

Topics in intermediate dynamics; 
University of Wisconsin 's College of 
Engineering, Madison , Wis.; 
June 26-30; $150 fee. 

Fundamentals of plasmas; University 
of Wisconsin 's College of Engineering, 
Madison, Wis.; June 26-30; $150 fee. 

Modeling and control of distributed 
systems; Purdue University's Schools 
of Engineering, Lafayette, Ind.; 
July 10-21; $250 fee. 

Call for papers 

Conference on Engineering in Medi­
cine and Biology, IEEE; Instrument 
Society of America and American 
Society of Mechanical Engineers; 
Statler Hilton H otel, Boston, Nov. 
13-16. For infonnation on submis­
sion of papers and au thor packets, 
con tact Murray Eden, conference 
chairman, Conference on Engineering 
in Medicine and Biology, 6 Beacon 
St., (Suite 620) Boston, Mass . 02108. 
Deadline for submission of papers is 
July 31. 

Conference on Optimal Systems Plan­
ning, American Automatic Control 
Council ; IEEE and In ternational Fed­
eration of Automatic Control; Case 
Institute of Technology, Cleveland, 
June 20-22, 1968. Oct. 1 is deadline 
for submission of abs tracts to Leon 
F. Kirchmayer, System Planning and 
Control, Electric Utility Engineering, 
General Electric Co., Schenectady, 

. Y. 12305. 

Winter Power Meeting, IEEE; Statler 
Hilton Hotel, ew York, Jan. 28-
Feb. 2, 1968. Interested authors 
should first notify the IEEE head­
quarters of their intent to submit a 
paper. Deadline for receip t of pa­
pers is Sept. 15. 

* Meeting preview on page 16. 
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THE 

Co~NeCToR 
THIDG 
A periodical periodical, 
designed quite frankly to 
further the sale of Microdot 
Inc. connectors and cables. 
Published entirely in the 
interest of profit. 

A 
1/21\1 
\'EA 
Last December 31 our crass commercial­
ism made us forget to wish you a happy 
gala in this journal. But now we·ll make it 
up to you, with the celebration you didn't 
expect . 

WELCOME TO LATTER '67 
FROM MICRODOT! Grab a gal or 
a half-gallon, give half a toot on your 
pizzazz maker, and join us at lee.st half­
heartedly in making whoopee . We' re sure 
your 1967 calendar is pretty grubby by 
now, with all sorts of notations you·d rather 
forget .. . so to help you get off to a clean 
start in 19671/ 2 , 

GET YOUR 1967.5 CONNEC­
T OR GIRL CALENDAR! Actually, 
we wanted to make a calendar showing 
our six beautiful major connector lines; 
however, some D.O.M . in the Sales Dept. 
insisted you'd rather have girls . So we 've 
set up this con test where you get both the 
g ir ls and the co nnector in formation. 
Sneaky. 

MATCH OUR MATCHLESS 

• Our special atmosphere 2. controlled furnaces for 
high reliability parts make it a cinch to pro­
duce the highest quality line of hermetic 
sea l connectors . To meet MIL-C-26482 
(Rev. B) we offer high pressure units with 

1 both push-pull and bayonet connect ion s. 
Hi temp and High pressure units are also 
available to meet MI L-C-26500, threaded 
or bayonet and with feed-thru adapters. 
For those concerned wi t h M IL-C-5015, 
there are also special cryogenic, hi temp 
and high pressure mo del s. 

Ultraminiature is the word for this con­
nector line . How ultra? Like 5/32 " outside 
diameter and 3/8" to 7/ 16" long, depending 
on your selection from seven configura­
tions . Lepra/Con gets that small because 
it uses the Twist /Con (see above) c losed­
entry, tubular- type, gold contacts and 
helically wound phosphor-bronze pins. 
Screw-on and slide-on versions in entire 
l ine . 

4.~ 
M icrodot's standard line of coax connec­
tors comes in so many config urations that 
you·11 f ind selection is a ball . You can , for 
instance, get Neoprene or s i licone bend 
relie f caps-in colors-and knurled or hex 
nuts, gold plating, slide or screw type, her­
metically sealed bulkhead type, etc., etc., 
and so forth. But get the catalog and see 
for yourself the hundreds of variations . Oh 
yes. For the con test, th is paragraph de­
scribes "standard coaxia l connectors" . 

5. • This line is 
the greatest in high density, cylindrical, 
multi-pin connectors . It combi nes exclusive 
Pos ilock rugge dness in push-pull lo c k 
coupling with unique Pos iseal multiple­
silicon rings for sealing . Fingertip opera­
tion . No mismating even in " bl ind " condi­
t ions . Meets MIL-C-38300A (USAF) for 
altitude-that's the MARC 53. The brand­
new rear insertable version, MARC 53 
RMD, is revolutionary-field assembly 
without special insertion or extraction 
tools . The subminiature l ightweight version, 
the MARC 43, conforms to MIL-C-26482 
and it's economical as can be. Neither of 
the MARC's requires heat to terminate 
conductors to con tacts. 

6.--..~~~--
Look, Ma, both hands. All you need for any 
of these coax connectors besides your 
hands are standard Microdot crimpi ng 
tools, a bargain. W ith Microcrimp, you can 
forget soldering, burning, and miscrimp­
ing . Also , M icrodot's "snap-lock" feature 
lets you quickly snap the connector into a 
bulkhead or mounting block afterwards . 

CONNECTORS July through De- , 
MICRODOT INC. cember are represented by Mary through 

Patricia, otherwise known as the Connec­
tor Girls . That's on the calendar. In th is ad 
they ' re shown representing the six major 
Microdot connector lines. To get your 
superb 1967.5 calendar, merely match the 
letters under the girls with the paragraph 
number describing the connector each girl 
illustrates . Read carefully . Careless 
readers may be punished by being sent a 
calendar that shows the products. 

1 -}c- 11 . ' - When you want eco­
• _, -=-- ·-r-.. - nomical , microminia-

ture pin and socket connections, this one 
is the t icket. The cont.act spring member 
has been eliminated through a breathing 
helical spr i ng principle . The name is 
Twist/Con, and its construction permits 
high-density packaging of con ta c ts on 
0 .050 " cen ters-up to 420 co ntacts per 
sq uare inch. Can you imagine 420 con tacts 
on a postage stamp square? Th at 's dense! 
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\ @ r- - -------- ---------------------
' cA:He~Ho~: Coupo~ boll Co~Mcfo/l Q[llQ CaQe~da!l ~ 

MICRODOT INC. 
220 Pasadena Aven ue, South Pasadena, California 910 3 0 
Dear Sirs : 
O Send your 19671/2 Connector Catalog. 
D Send me a Microdot Rep. 
O Send me anything, if it's free . 
Here·s my matchup below. Send me my 
groovey 1967.5 Connector Girl Calendar. 
Hurry! It' s almost the 1/2 New Year. 

A 1 
B 2 
c 3 
D 4 
E S 
F 6 

(Connect letters and numbers with a pencil line.) 

Name _ ________ Titfe, _____ _ 

Firm ________________ _ 

Address ______________ ~ 

City ________ State ____ Zip __ _ 

1elephone _ _____________ _ 

Offer void where taxed or restricted, 
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ENVIRONMENTAL 
TEST No.1 

Converter runs fine 
at +212°F 

ENVIRONMENTAL 
TEST No. 2 

Converter runs fine 
at -65°F 

1\'ew .4bbott co11 t· ert e r ( Hi-Temp Model BlA-llOA ) operat es at - (i .'i °F' to 
+ .!J .! ° F bns e t e111perat11re . The Model BIA s hown above is available with any out­
put voltage you need from 5 volts to 3 ,iJOO Yolts DC with an input of either 28 VDC 
orll5VAC. 

Using all s ilicon semi-conductors , this new line of converters is con s tructed in 
hermetically sealed, all s teel containers to meet Mil-Specs . Advanced circuits yield 
regulation of 0.2 '/r for input line variation s . Highes t quality components are used, 
including all tefton wire, tantalum capacitors, and MTL-T-27A tran sformers. A 
complete four-page description of these units is given on Pages 20-23 of the new 
Abbott catalog. 

Abbott manufactures a wide variety of over 2400 different types of power 
supply modules . These include: 

60 Pd- to DC, Regulated 
400 -Pt::! to DC, Regulated 
28 VDC to DC, Regulated 

28 voe to 400 -Pt::! . 1'.i or 3,; 
60 Pd- to 400 Pd- , l '.l or 3,; 
GO VAC or 400 Pd- to DC. Unregulated 

The DC output models come with a broad range of voltages and powers - the 
smalles t units are about the s ize of a pack of cigarettes and weigh less than a 
pound. The AC output models are available with voltages of 115 volts or 26 volts, 
400 cycles , in power levels up to 300 volt-amperes . Unreg ulated DC output mode ls 
are low in cos t with prices starting at $64 each. 

Some useful data is al so included in the new Abbott catalog. It contains a di s ­
cuss ion of the rmal cons ideration s in us ing power s upply morlules, 01) erating hints 
for power s upplies , and a detailed li s ting· of e nvironme ntal tes ting parameters 
with a ssociated cos t s . 

Please send for your FREE copy 
of this new catalog or see EEM 
(1966 ELECTRONIC ENGI­
NEERS MASTER Directory), 
Pages 1496 to 1505. 

TO: Abbott Transistor labs, Inc., Dept . 44 
3055 Buckingham Road 
Los Angeles 16, Cal i forn ia 

Sir: 
Please send me your latest catalog on power 
supply modules : 

NAME --- ----- DEPT. --

COMPANY __________ _ ,.,.#.881 t r a n s i s to r ) 

L ABORATORIE S. I NCO R PO RATED 

3055 Buckingham Road - Los Angeles 16 
Direct Dial 213 · R Epublic 1-9331 
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ADDRESS ----------­

CITY & STATE - - -------

Meeting preview 

Aerospace guidance 

Reports on new guidance systems 
and new applications of old tech­
niques will highlight the Guidance, 
Control and Flight Dynamics Con­
ference in Huntsville, Ala., sched­
uled for Aug. 14 to 16. The meet­
ing is sponsored by the American 
Institute of Aeronautics and Astro­
nautics. 

Strapdown inertial guidance and 
control is an example of an old 
technique that's gammg favor 
among aerospace designers . These 
papers will be given in classified 
and unclassilled sessions on the ap­
plication of strapdown systems to 
modern missiles and aerospace pro­
grams. Morris Birnbaum of the Hy­
con Co. and Phil Salomon of the 
Jet Propulsion Laboratory will dis­
cuss a strapdown star-tracking sys­
tem for s.pacecraft attitude control. 
F. Daniel, B. Doane, and R. Kis­
sel of NASA's Marshall Space Flight 
Center will show how pendulous in­
tegrating gyro accelerometers can 
be used in a strapdown inertial 
navigation system. 

Lasers, too. Some unusual guid­
ance techniques also will be dis ­
cussed. For example, Russell Gam­
bell and George Hall of the Army's 
Redstone Arsenal will report on 
how a hybrid pneumatic guidance 
system can be used in a missile. 
Also to be discussed will be the 
use of lasers in many guidance and 
control functions , from rate sens­
ing to range finding and communi­
cations. Charles vVyrnan of the 
Marshall Space Flight Center will 
report the results of a test with an 
experimental laser radar for space 
rendezvous and docking. 

In the field of guidance and con­
trol, there will be several papers on 
systems in current aerospace ve­
hicles. James Horsnell, a senior 
group engineer at the Boeing Co. , 
will discuss the flight control sys­
tem being developed for Boeing's 
supersonic transport. And James 
Templeman, also of the Boeing Co., 
and Robert Parker of the Sperry 
Phoenix Co., a division of the 
Sperry Rand Corp. , will tell 
how the company solved the con­
trol and guidance problems for 
the Boeing 727's automatic landing 
system. 
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In 
differential 

data amplifiers 
which is more important: 
performance or economy? 

Yes 
There's no either-or when you pick the 2470A Data 
Amplifier. 

Performance? The H ewlett-Packard 24 70A has the highest 
across-the-board performance of any wideband amplifier 
of its type. Fixed gain steps XIO to XIOOO, XI and pre­
cision vernier optional. DC linearity better than .002 % , 
gain stability .005 % per month. Constant 50 kHz band­
width ( 3 dB), ± 1 OV, I 00 mA output. Differential input 
results in less than I µ. V /° C drift , RTJ; 120 dB CMR even 
at 60 Hz with 1 kn unbalance. 

Economy? Each instrument is enclosed in a unique mod­
ular package, with self-contained transformer-isolated 
power supply and rugged connector-no "extra" dust 
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covers or carrying case to buy. Use on the bench, or plug 
ten into a combini ng case which occupies only 5 1/<i" of 
standard 19" rack space. The predicted MTBF for this 
design is more than 20,000 hours , assuring a long and 
trouble-free life. All included in the low price of $5 85. 

Applications? Use it on signals from low-level resistive 
transducers such as strain gages or thermocouples. Ideal 
for amplification over long transmission lines. Or use it 
with resistive or reactive loads: recorders, digital volt­
meters , telemetry systems. 

Any other questions? Contact your local Hewlett-Packard 
field engineer. Or write Hewlett-Packard, Palo Alto, Cali­
fornia 94304; Europe: 54 Route des Acacias, Geneva. 

06702 

Circle 17 on reader service card 17 



18 

ext to our 
is ancient 

That's what Widlar says. And we figure he 
should know. He designed the 709. For 
somebody else. Then we got Widlar and 
locked him in a room with some parameters 
and he came out later with some curves, a 
data sheet and a new operational amplifier. 
The 709's Successor. For the catal og, wc 
call it the LM-101. 

He calls it out of sight. Here's why: 
It has a minimum voltage gain of 50,000, 

yet it can be compensated by only one 
30 pF capacitor. That makes it stabl e for 
all feedback configurati ons. Even with 
capacitive loads. 

A Class B output - with continuous short 
circuit protection-provides at least a 
± lOV output swing with a 2Kri load. 
There's no errati c operation when the 
common mode range is exceeded. And the 
± 30V differential input range reduces the 
chan ce of burnout from overloatl. It 's 
specified for opera tion from ± SV to ± 20V. 
With a power dissipation less than 
lOOmW at ±20V supplies 
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newL 

Also guaranteed: Sm V offset voltage, 
200nA offset current and a ± 12V common 
mode range. Even though fewer 
compensation components are used, the 
LM-101 sti ll has the same pin configuration 
as the LM-709. o need to change printed 
circuit boards. 

It 's on our distributors' shelves. 
In quantity. So call them. 

Start bringing your designs up to date. 
Write for our application notes. National 
Semiconductor, 2950 San Ysidro Way, 
Santa Clara, California 95051 
(408) 245-4320. 

Rl R2 

OUTPUT 
INPUT 

JOpf 

INVERTING AMPLIFIER VOLT AGE FOLLOWER 

OUTPUT 

National Semiconductor 
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The ever-moving 
Mr. Widlar. 

What's he 
up to now? 
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For a switch, 
try to stump Amphenol 



You can't. With our Dynaform* 
line, 23 standard modules go to­
gether like a set of dominoes to build 
any coaxial switch you like. 

Over 300 variations. 1P2T, 2P2T 
or transfer. Shorting, non-shorting 
or resistor terminations. ENC, TNC 
or N type connectors. Same side or 

opposite sides. T ell us what you 
need, and we'll put them together. 

Design advances. Dynaform 
switches offer other advantages, too: 
aluminum shells for lighter weight, 
usable frequency ranges to 6 GHz, 
low crosstalk at all ranges, dust­
proof construction, prompt delivery. 

For price/ delivery data, call your 
distributor or Amphenol Sales Engi· 
neer. For complete specs, write 
Amphenol RF Division, 33 E. Frank­
lin Street, Danbury, Conn. 06810, 

@AMPHENOL 

•Trademark Specify Amphenol .•• the leading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics. 
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This new IRC metal film resistor 
handles 4 power ratings 

Think of the convenience and savings 
Now, an all-purpose precision metal film resistor that 
offers design flexibility and opportunities for substan­
tial cost savings. Type CEA can be used at four differ­
ent ratings with 6R's that are all well within Mlllimits. 

XW @ 10°C 1%6R XW @ 10°C .5%6R 
XW @ 125°C 1%6R YsW @ 125°C .5%6R 

Flexibility is built-in. Even up to 300% overload, the 
CEA can be specified where low 6R's are required, or 
for a variety of ambient temperatures. Economy is 
built-in, too. You can combine your metal film needs 
to save money and simplify stocking. 

All-purpose CEA resistors also have a moisture­
resistant coating and a rugged cap and lead assem­
bly. Write for data, samples and prices. IRC, Inc., 
401 N. Broad Street, Philadelphia, Pa. 19108. 

22 Circle 22 on reader service card 

_1/4 

1/8 
1/ 10 

POWER VS. D. R- LOAD LI FE POWER RATING VS. AMBIENT TEMPERATURE 

1/ 2 

"' z 1/ 4 s 
"' ~ 1/8 

.13 •. 253 .53 1.03 40°C 70"C l00°C 125°C 

<> R AMBIENT TEMPERATURE 

CAPSULE SPECIFICATIONS 

MIL-R-10509 

Resistance 
Tolerance 
Temp. Coef. 

Meets or exceeds all 
performance requirements 
10 !l. to 1.5 meg. 
±1% 
±100ppmf°C 
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Editorial 

Detour 

The heralded introduction of integrated electron­
ics into automobiles , expected in 1968 models , 
has been delayed. The automotive environment 
has proven far more torturous than semiconduc­
tor engineers ever dreamed. E lectronics special­
ists found th at a voltage regulator designed to 
cos t ahout $3 worked well on the laboratory 
b ench but fell victim to electrical noise, high 
temperature, and vibration in a car [see story on 
page 46]. 

Although a few IC regulators may still find their 
way into a few higher priced cars in the 1968 
line- to provide experience for both auto compa­
nies and semicondu ctor makers- the grand intro­
duction anti cipated last fall [Oct. 3, 1966, p. 187] 
will have to wait . 

Lookin g hack, an emphasis on price can be 
blamed fo r the fiasco. The semicondu ctor people 
concentrated so much on ge tting the cos t down 
near that of an electromechani cal voltage regu­
lator that th ey ignored some vital engineering 
facto rs. The fin al des ign, bare of any excess com­
ponents or elaboration, was too vu lnerable to 
electri cal noise generated almos t everywhere in 
the car and couldn't withstand the unexpectedly 
high temperatures . By the tim e the IC device was 
shielded and heat sinks added, the cost had risen 
beyond what auto companies are willing to pay. 

Still, the semicondu ctor companies can't be 
blamed for this fa lse start. Au tomobile technol­
ogy is not their strength . And it is encouraging 
that non e of the auto engineers or executives in­
volved in the development program are upset 
about the delay or have given up on 1c's. The 
auto men are as optimistic as ever about inte­
grated circuits . A Ford vice president, Michael 
F erence, says: "The integrated circuit has forced 
a revolution in our thinking. vVe have to examine 
old concepts in light of these new components. 
There's no doubt that the integrated circuit will 
make a grea t impact on automobile design ." Th en 
he adds , "\Ve've found it takes roughly 10 years 
to get an idea from the laboratory into the main­
stream of production." 

F erence's statement is significant because the 

Electronics I June 26, 1967 

"we" he is talking about are automotive men, not 
semicondu ctor specialists. Auto executives recog­
nize that the stimulus to electronics in their fi eld 
has to come from within, that only auto men 
really understand all the ramifications of the 
automobile applica tion. They expect the semi­
conductor industry to make a technical contribu­
tion in processing, circuit knowledge, and pack­
aging, but they aren't ready to abdicate their 
own responsibilities for tes ting and applying the 
devices. 

That phi losophy has to be the guide as elec­
tronics move into traditionally nonelectronic 
areas . If the would-be customers don't supply the 
drive and the application knowhow, the new 
projects stand a good chance of fai ling. Elec­
tronics people just don't know enough abou t 
these businesses to dodge even well-known pit­
falls. 

This goes a long way toward explaining why 
some applications of electronics in nonelectronics 
fi elds have been successes and others failures. 
The numerical control of machine tools [see 
page 125], for example, has made slower progress 
than many electronics firms would have liked 
because the machine-tool builders have applied 
it cautiously. Today, 15 years after the technique 
was conceived, numerical control has a solid base 
built on the application experience of machine­
tool people. Everybody predicts a widening fu­
ture for it, and not just running machine tools 
but controlling entire automatic manufacturing 
centers. 

On the other hand, in air traffic control or elec­
tric power generation and distribution, the Fed­
eral Aviation Administration and the electric 
utilities sit waiting for electronics companies to 
hand them ready-made solutions and hardware 
they can approve or veto. They themselves con­
tribute nothing. The result has been one equip­
ment disas ter after another, much wringing of 
hands, and bitter assertions that modern tech­
nology has fai led. 

It's a trite saying that technology is only a 
tool to be used; it cannot solve a single problem 
itself. The words bear repeating though, because 
many ignore them. 

The application of electronics in areas that 
have been traditionally nonelectronic is a job re­
quiring two kinds of people : those who under­
stand electronics technology and those who un­
derstand the application. Leaving out either one 
is begging for failure. 
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In fact, it was being thrown for a loss by 
laminated steel recording heads. Steel 
heads couldn't cope with high frequencies . 
Or measure up to gap definition requ ire­
ments. Then we substituted the Indiana 
General Ferramic® 0-6 ferrite. 

High frequency ceased to be a problem . 
Our 0-6 ferrite has a range through the high 
frequencies, and maximum permeabil ity of 
6000. Plus high saturation , low loss, and a 
high Curie point . 

Gap definition improved, too. Ferramic 
0-6 has an extremely fine grain crystal struc­
ture. It can be manufactured in complex 
configurations to finishes in the micro-inch 
range, providing the close gap definition 
required for high signal efficiency. And, as 
a bonus advantage, Ferramic 0-6 heads 
have an operating life 5 to 10 times longer 
than laminated steel. 

But the use of 0 -6 ferrite material isn 't 
limited solely to video or audio tape heads . 

Its many advantages are equally applicable 
to disc, drum, and tape peripheral equip­
ment for digital memory recording/repro­
duction processes. 

You can get an instant playback of our 
Ferramic 0-6 ferrite specifications by writ­
ing Mr. K. S. Talbot, Manager of Sales, 
Indiana General Corporation, Electronics 
Division/ Ferrites, Keas bey, New Jersey. 

INDIANA GENERAL ~~ 

Instant video replay 
wasn't gaining ground until 

Indiana General got in the game. 

@1967, Indiana General Corporatio fl 



Silicon-nitride 

transistor. line 

in August debut 

Collins to make 

its own IC's 

Army may drop 

TRG as designer 

of 'copter system 

Design review set 

for Tacsat terminals 
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After more than 18 months of hearing glowing reports on silicon-nitride­
passivated transistors, the electronics industry will finally get a glimpse of 
the first commercial line. Sprague Electric of North Adams, Mass., is 
expected to market the transistors early next month. 

The nitride method provides better protection against moisture than 
silicon-oxide passivation, says Sprague. Bell Telephone Laboratories and 
others have experimented with the technique for several years. 

Sprague has yet to decide which transistors will be the first to be 
introduced with nitride passivation, but they'll be in epoxy-molded 
packages. The company plans to widen the family of nitride transistors 
first, and then extend the technique to integrated circuits at its new IC 
plant in Worcester, Mass. 

Collins Radio is setting up its own integrated-circuit engineering facility. 
The firm says it can't find suppliers of the highly customized large-scale 
IC's needed for some of its digital-computing and communications 
equipment. 

For this venture, Collins will add facilities to its Newport Beach, Calif., 
operation. Initially there will be 30 workers in production, plus 20 to 50 
in engineering. The company says it will be turning out digital IC's by 
early 1968. 

Despite the establishment of the Newport Beach group, Collins says 
it will continue to buy large quantities of less complex IC's from regular 
suppliers, and even predicts that this demand will increase. 

The Army's search for a formation-Bight instrument system for helicop­
ters continues to run into snags. The Army probably won't have a system 
this year as it had planned, or even next year. · 

Insiders report that the service will probably cancel its contract with 
TRG for an X-band stationkeeping radar system. "The system doesn't live 
up to expectations," an Army official says. This was the Control Data 
subsidiary's second attempt to sell a follow-the-leader system to the Army; 
an earlier millimeter system was canceled [Electronics, March 20, p. 26]. 
The first system was originally scheduled for flight test this fall. 

TRG's loss may be Teledyne's gain. Teledyne's formation-flight radar 
isn't designed for the Army's needs but for the joint Army-Navy inte­
grated helicopter avionics system. Nonetheless, the Army may consider it. 

Work on the ground terminal portion of the $100 million tactical satellite 
communications program is picking up speed in preparation for next 
year's demonstration test. Preliminary design review will be held this 
week on the terminals; production is expected to start in October [Elec­
tronics, June 12, p. 25]. Delivery is slated for next spring on 61 terminals 
for man-carried, jeep, truck, aircraft, ship, and submarine installations. 
Sylvania Electronic Systems also expects to deliver digital data modems 
at the same time. And Hughes should be delivering the largest communi­
cations satellite ever built to work with the new terminals. Used as a 
building block for the giant satellite is Hughes' HS307 spacecraft family 
[Electronics, May 30, 1966, p. 109]. The multiple-access, spacecraft will 
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Planes designed 

around avionics 

seen for 1980's 

Solid state imaging 

array's sensitivity 

matches vidicon 

RCA lays off 

600 semiconductor 

production workers 

Anyone-can-do-it 

voltmeter appears 

26 

Electronics Newsletter 

be nine feet in diameter and almost 20 feet long, excluding directional 
antennas. 

Smallest of the uhf/ shf earth terminals will be a portable station called 
an "alert receiver," to be carried by one man and capable of receive only. 
A teampack unit, capable of both fransmiting and receiving, will be 
carried and set up by two men. 

The airframes of the military aircraft of the 1980's will be designed 
around the craft's avionics, maintains R.D. Alberts, chief of integrated 
avionics at Wright-Patterson Air Force Base. This reversal of the current 
situation will begin to appear around 1975, he says, when design work for 
the planes of the 80's starts. In this period, avionics companies will 
become the prime contractors and airframe builders, the subcontractors. 

The change is necessary, Alberts explains, because the craft will have 
to accommodate 2 million to 5 million integrated circuits; current aircraft 
use only a handful of IC's. 

Researchers at McDonnell Douglas are developing sensitive solid state 
imaging arrays that operate in the far infrared. The company's solid state 
group in Santa Monica, Calif., has built an imaging array of 5,625 transis­
tors on a half-inch square silicon chip that has achieved sensitivities of 
one foot-candle-comparable to the sensitivity of vidicon tubes. Rainer 
Zuleeg, assistant branch chief, says the device is most sensitive at a wave­
length of 0.7 micron. 

The group is now working to develop digital readout circuitry for the 
array, which would use 200 to 250 metal oxide semiconductor integrated 
circuits. 

Even as construction continued on additional integrated-circuit facilities 
at its Somerville, N.J., plant, RCA laid off 600 semiconductor production 
workers at three locations-including Somerville. The move reflects the 
continued sagging sales in entertainment electronics. 

About 100 of the layoffs-"to adjust inventory," the company said­
were at Mountain Top, Pa. (industrial silicon and germanium transistors). 
The remainder were split between Findlay, Ohio, (germanium devices) 
and Somerville (silicon devices and IC's). RCA's Electronics Components 
& Devices division employs a total of 30,000 workers. 

Makers of measurement instruments are getting the word that engineers 
aren't the only people who tum the dials and set the switches. One manu­
facturer, the James G. Biddle Co. of Plymouth Meeting, Pa., is now offer­
ing a five-place digital voltmeter that has the accuracy of potentiometric 
instruments (100 parts per million) and can be operated by unskilled pro­
duction workers. 

The key is a built-in correction factor. The operator of a conventional 
instrument could ruin its calibrations if he didn't know the polarity and 
range of the applied signal and, as a result, set the switches incorrectly. 
But Biddle's voltmeter makes its own operating decisions-the operator 
follows directions displayed on the front panel-and erases errors before 
any damage is done. 
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from SYLVANIA ElectronicComponentsGroup 

CRTs 

Display information the new way, 
with one-gun two-color CRTs 

Two-color CRT Is Ideal for air traffic control. 
Here white areas represent red traces, 
gray areas are actually green. 

It's a truism that applications for a 
new CRT are limited only by the de­
signer's imagination. And this fact is 
well illustrated by the introduction of 
what Sylvania believes to be the most 
versatile CRT ever devised-a one­
gun, two-phosphor, two-color display 
component. Conventional three-gun 
color cathode ray tubes designed for 
consumer TV receivers seldom meet 
the stringent performance and 
environmental demands placed on 
military, industrial and commercial 
displays. Until now, this meant either 
foregoing the use of a color display 

or living with degraded performance. 
Sylvania's new one-gun multi-color 
tubes overcome the limitations of 
the three-gun shadow-mask tubes 
through a new construction technique 
employing multilayer phosphors. 

For the first time, designers of dis­
plays have a practical multi-color 
CRT for equipment requiring quick 
and positive recognition of the differ­
ent information being displayed. Get­
ting red or green with Sylvania's new 
one-gun color tube is as simple as 
switching the voltage on the anode to 
a higher or lower level. The extra two 
guns and precise shadow-mask con­
trol needed with conventional color 
CRTs are eliminated. 

In the new type tube, multilayer 
phosphors of red and green produce 
the two-color outputs on the tube 
face. Because the three dots of differ­
ent phosphors required for each in­
formation point in the three-gun tube 
are eliminated, the new tube has very 
high resolution. Thus, more informa­
tion can be displayed in a given area. 

This new CRT is ideal for appli­
cations requiring discrete-color infor­
mation. In aircraft control displays, 

SPECTRAL ENERGY DISTRIBUTION (PHOSPHOR TYPE "PSO") 
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colors could be used to indicate dif­
ferent altitudes to provide quick and 
positive information on stacked air­
craft. Or, colors could be used to indi­
cate various runways. In computer 
displays, color can be used to indicate 
particularly significant data or newly 
deleted, changed or added data. In 
short, applications are limited only 
by the designer's imagination. 

Using red and green phosphors 
provides the high contrast and color 
separation needed for readily and 
accurately readable displays. The red 
phosphor, the famous europium 
developed by Sylvania for TV color 
tubes, is an example of the continuing 
improvements in CRT design which 
are incorporated in the new tube. 

Typical of these multi-color tubes 
is Sylvania's type SC-4689. It features 
excellent color separation from red to 
green by switching the voltage on 
anode No. 3 from 6,000 to 12,000 V. 

Using a 5" diameter screen and a 
high resolution gun, the SC-4689 

(continued) 

This issue in capsule 
Integrated Circuits - Solve your 
high current drive problems with the 
right IC. 

Manager's Corner-Anewapproach 
to low cost fabrication of microwave ICs. 

Diodes-An array made up of 13 diodes 
in a single plug-i n package. 

Photoconductors - Now you can 
drive 300 mW loads with a new 250-ohm 
device; also, news on T0-18 PCs cus ­
tomed to your needs. 

Microwave Semiconductors -
How you can design broadband systems 
around a single diode and holder. 



CRTs (continued from page J) 

offers spiral post deflection accelera­
tion to minimize the changes in deflec­
tion sensitivity and pattern linearity 
as anode No. 3 is switched. 

Sylvania can apply the same prin­
ciples used in the SC-4689 to other 
sizes and to other types, such as a 
two-gun device, to meet users' spe­
cific needs. CIRCLE NUMBER 300 

©\! 
4~" 

LJ 
I 

MAXIMUM RATINGS (Absolute Maximum Values) 
Anode No. 3 Voltage 13,000 Volts de 
Anode No. 2 Voltagem 7,000 Volts de 
Anode No. 1 Voltage 1,100 Volts de 
Grid No. 1 Voltage 

USEFUL SCREEN DIA. 

TYPICAL OPERATING CONDITIONS 

Anode No. 3 Voltage 
Anode No. 2 Voltage 

Red 
Operation 

Green 
Operation 

Negative Bias Value 
Posit ive Bias Value 
Positive Peak Value 

220 Volts de 
0 Volts de 
2 Volts 

Anode No. 1 Voltage for Focus 
Grid No. 1 Voltage Required 

6,000 
3,000 

150-400 

12,000 V. de 
3,000 V. de 

150-400 V. de 

Peak Heater-Cathode Voltage 
Heater Negative 

with Respect to Cathode 
Heater Positive 

with Respect to Cathode 
Peak Voltage Between Anode No. 2 

and Any Deflection Plate 
Post Deflection Spiral Res istance 

SC-4689 CHARACTERISTICS 

140 Volts de 

140 Volts de 

550 Volts 
100-400 Megohms 

for CutoffC2> 
Deflection Factor 

Deflecting Plates 1-2'3> 
Deflecting Plates 3.4C4> 

Line Width " A"@ l,3 = 25 µA 
Brightness, 2"x2" raster 

l,3 = 25 µA (approx.) 
Anode No. 3 Current 

@ E91 = cutoff (approx.) 

CIRCUIT VALUES 

-30 to -70 -30 to -70 V. de 

70-90 
65-85 
.012 

4 

7-30 

95-115 V. de/In. 
90-110 V. de/In . 

.010 In. 

35 

21 -90 µA de 

Focusing Method 
Deflect on Method 
Heater Voltage 
Heater Current 
Minimum Useful Screen 

Electrostatic 
Electrostatic 
6.3 Volts 
0.6Ampere 

Grid No. 1 Circuit Resistance 1.5 Megohms Max. 
Deflection Circuit Resistance's> 5 Megohms Max. 

NOTES: 1. The product of the Anode No. 2 Voltage and the 
Average An ode No. 2 Current should be lim ited to 6 Watts . 

2. Visual extinction of undeflected focused spot . 
Diameter 

Weight (approx.) 
Mounting Position 

4.5 Inches 
2.5 Pounds 
Any 

3. Deflecting Plat es 1-2 are nearer the screen. 
4. Deflecting Plates 3·4 are nearer the base. 
5. It is recommended that the deflecting electrode resistances 

be approximately equal. 

MANAGER'S CORNER 

Microwave ICs-New approach to low cost fabrication 
A great deal of effort has been ex­
pended over the past few years to 
develop "Integrated Microwave Cir­
cuits". A great many interpretations 
have been placed on this term, but, in 
general, the resulting circuits have 
been limited to a single functional 
component, usually a ceramic micro­
strip structure with semiconductor 
devices bonded or epoxied in place. 

The resulting components usually 
have a "handmade" look to them; this 
may be an asset in a wool sweater or 
a piece of fine furniture , but is no 
virtue in a microwave component. As 
with clothing and furniture, hand 
labor costs a lot of money. What is 
needed is a technique of fabrication 
which is adaptable to batch process­
ing with most of the work performed 
by machines. In this way, large num­
bers of microwave components and 
systems could be produced at a cost 
that would make possible the eco­
nomical construction of phased array 
radars and other large scale military 
systems, as well as open the door to 
many non-military markets for which 
microwave components are too ex­
pensive today. 

One approach to this problem is to 
apply the techniques of monolithic 
integrated circuitry. Automation in 
monolithic circuits has already 
reached a high level at Sylvania in the 
manufacture of digital and low fre­
quency linear circuits. However , 
monolithic techniques have not been 
extensively used at microwave fre­
quencies because of the difficulty of 
working with the very high resistivity 
semiconductor material required for 
low loss transmission lines. 
Sylvania's Beam-Lead Technology 

Sylvania has pioneered an exciting 
new approach to the problem of func­
tiona ll y integrating microwave 
circuitry with a t echnique that is 
compatible with automated manu­
facturing. 

The beam-lead technology is a new 
and powerful technique for fabrica­
tion and mounting of semiconductor 
devices in microwave integrated cir­
cuits. Compared with conventional 
chip fabrication and mounting, the 
beam-lead approach offers the fol­
lowing advantages: 
• The assembly operations of scrib­

ing, chip mounting and wire bond-

ing are replaced by the single step 
of precis e b e am-lead welding . 
Beam leads are also far stronger 
than ribbon or wire leads. 

• Complete uniformity of device and 
lead geometry is assured from unit 
to unit through photolithographic 
definition of the unified structure. 
This permits accurate characteriza­
tion and repeatability of device 
and parasitic parameters. 

• Economy in fabrication is realized 
through batch processing of large 
numbers of devices. 

• Economy in assembly of circuits is 
realized through the ease and sim­
plicity of device mounting. The 
process readily lends itself to auto­
mation and mass production. 
This process creates a device in 

which individual chips of silicon con­
tain the active areas and are intercon­
nected and mechanically supported 
by rather thiCk gold "beams". This 
type of device, therefore, contains all 
the advantages of a discrete chip cir­
cuit as regards completeness of iso­
lation, while maintaining the batch 
fabrication process and small size 
which are the unique advantages of 



integrated circuits. The interconnec­
tion leads are strong and are much 
less likely to prove unreliable than 
the alloyed or ribbon leads normally 
used in standard devices. 

Further, the external leads now 
project beyond the edges of the cir­
cuit area for several mils, and are pre­
cisely located with respect to one 
another. This facilitates the assembly 
of the device onto a premetallized 
circuit substrate which has a properly 
prepared metallization pattern which 
"mates" with the leads. The gold 
beam leads are excellent for bonding 
or welding to a microstrip conductor. 
The reliability of such a bond is as 
great as that of the lead itself. 

One may reasonably compare 
beam-leaded microwave integrated 
circuitry with monolithic circuitry in 
which semiconductor devices are fab­
ricated integrally with a semiconduc­
tor transmission line substrate. In the 
latter process, one is restricted to de­
vices which are compatible with the 
monolith; with beam-leading, de­
vices of different starting materials 
may be used in the same circuit. In 
monolithic circuits, transmission line 
losses are higher than in ceramic 
microstrip circuits with which beam­
leaded devices are used. 

The usually-quoted monolithic cir­
cuit advantages of cost, reliability 
and size may be fairly challenged by 
beam-leaded hybrid circuits. Since 
the fabrication and mounting of de-

vices is so well suited to automation, 
large volume costs of beam-leaded 
circuits should not greatly exceed 
those of monolithic circuits, and may 
in fact be lower, especially where 
yield is critical. Reliability of welded 
beam-lead circuits should be compar­
able to that of monolithic circuits, and 
units made by the two processes are 
comparable in size. 

Perhaps most important is that 
beam-leaded hybrid microwave inte­
grated circuits are here now, have 
been proven in performance and are 
far simpler to fabricate and develop 
than monolithic circuits using silicon 
transmission lines. In addition, the po­
tential exists for comparable low cost 
and reliability in automated large 
scale production. 

Sylvania's beam-lead technology 
has been applied to produce a unique 
microwave mixer circuit configura­
tion. Two silicon Schottky barrier di­
odes are fabricated monolithically 
and beam-leaded in series, with a 
center beam between them. The re­
sultant diode pair is as shown in Fig­
ure 1. The complete mixer is shown 
in the photograph of Figure 2. 

Here, the diodes are bonded to the 
arms of a quarter-wavelength branch 
line hybrid, and the IF signals are 
combined at the center tap of the di­
ode pair and fed out through a low 
pass filter. This mixer has successfully 
performed at X-band with a noise fig­
ure of 7 db. Continuing development 

Figure 4 

programs will extend the application 
of beam-lead technology to other mi­
crowave devices, leading to the de­
velopment of complex microwave 
sub-systems on ceramic substrates for 
radar and communications applica­
tions which are reliable, reproduci­
ble, and adaptable to automated fab­
rication. 

As an illustration of what can be 
done, Sylvania has recently con­
structed a simple demonstration mod­
el of a CW integrated doppler radar. 
This simple system, shown in block 
diagram form in Figure 3, consists of 
a 9.5 GHz avalanche diode oscillator, 
which serves as transmitter and local 
oscillator (the system operates at zero 
IF frequency), a directional coupler, 
separate transmit and receive anten­
nas, a Schottky diode balanced mixer, 
low pass filter, audio amplifier and 
loud-speaker. A moving target pro­
duces a doppler-shifted return signal, 
which is downconverted to an audio 
frequency, amplified and fed to the 
speaker. 

The portion of the circuit shown 
within the dotted lines has been inte­
grated in alumina microstrip, as in 
the photo of Figure 4. Shown here are 
the balanced mixer, which uses a 
beam-lead Schottky diode series pair, 
low pass filter, directional coupler 
with termination, and two slot anten­
nas. Radiation is from the ground 
plane side of substrate through slots 
which are not visible in the picture. 

The avalanche oscillator used is a 
miniature coaxial cavity circuit which 
is directly coupled to the microstrip 
circuit without a coaxial connector. It 
produces approximately 40 milliwatts 
CW power. This system was demon­
strated at the 1967 IEEE Interna­
tional Convention. 
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INTEGRATED CIRCUITS 

ICs to solve your high current drive problems 

Pulse 
Generator 

Figure 1 

"Output Drive Capability" are the 
key words describing the type of IC 
o~en needed to translate the output 
of a logic operation into a useable 
power signal. I deally, these !Cs 
should be able to drive high fanout 
and high capacitive loads without sac­
rificing speed, logic swing or noise 
immunity. Sylvania's SG-130 series of 
SUH L TM dual gate drivers meets these 
device requirements, and they're usu­
ally the best choice in line and cable 
drivers, lamp drivers and other inter­
face applications. 

The SG-130 series of SUHL high 
fanout dual drivers solves the prob­
lems associated with many interface 
applications which require gate out­
puts with high current drive capabil­
ity when the output is at "O" and/ or 
" l." They overcome these problems 
by providing the necessary power 
without degrading the speed and 

Figure 2 

CABLE 

noise immunity of the system. 
Typical of the output drive capa­

bility of units in the SG-130 series 
are : 

A line driver "O" output of 0.45 V 
max. when sinking up to 40 mA, 
guaranteed over the applicable 
temperature range of the device. 

"O" output of 0.8 V (nominal) when 
sinking up to 100 mA (min.) at 
25°C. 

'T ' output of 2.8 V (min.) when 
supplying up to 3.0 mA, guaran­
teed over the temperature range. 

"l " output of 3.4 V (typical) when 
supplying up to 20 MA. 

Values of the output current at logic 
''l'' and at room temperature show this 
typical range: 

l out @OV = llOto 140mA 
l out @ 0.5 V = 95 to 125 mA 
l out @ 1.0 V = 85 to llO mA 
One use of the drive capability out­
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lined by these device specifications is 
in cable or line driver applications. 
Figure 1 gives the test setup used 
to check performance of the SG-130 
units in such applications. A number 
of different cables, both short and 
long lengths , were connected b e­
tween the SG-130 under test and a 
SG-40, a NAND/NOR gate in the 
SUHL family. Cables used included : 
RG58U (Z

0 
of 50 ohms), RG62U (Z0 of 

93 ohms), twisted wide (Z0 of about 
100 ohms), and single wire. Lengths 
ranged from 2.5 ft. to 37 ft. 

Test results for various conditions 
are given in Figures 2 to 5. 

In most cases, a termination of Z0 to 
ground or to +3.5 volts on the receiv­
ing end gives the best matching. In 
lower power applications, a resistor 
in series with the SG-130 output can 
be used at a slight decrease in noise 
immunity. 

The SG-130 series is available in 
four versions - Military Prime, Mili­
tary Standard, Industrial Prime, and 
Industrial Standard - with fan-outs 
ranging from 12 to 30. Each package 
uses two four-input AND gates fol­
lowed by an inverting amplifier to get 
a NAND function in positive logic. 

Figure 3 
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MICROWAVE SEMICONDUCTORS 

Now, design broadband systems 
around a single diode and holder 

A new family of Sylvania microwave 
diodes uses an improved coaxial car­
tridge package to bring the microwave 
designer a host of benefits. Now, each 
diode can be used over a much 
broader frequency range, operation 
at higher temperature limits is pos­
sible, and diode holder design is 
simplified. In addition, these hermet­
ically sealed units can withstand 
more severe environments. 

Sylvania's new line of microwave 
mixers and detectors employs a new 
design glass bead to overcome the 
frequency limitations found in con­
ventional ceramic-beaded coaxial 
cartridge microwave diodes. These 
glass-beaded units provide a much 
flatter frequency response over a 
much broader range; each Sylvania 
unit is designed for a frequency 
range, not just one specinc center 
frequency. Because the improved 
process permits better sealing of the 
diodes, the new devices can be used 
in any atmosphere at temperatures 
up to 150°C; therefore, the need for 
elaborate sealing procedures by the 
diode user is eliminated. 

All these performances and envi­
ronmental advantages are a result of 
using a glass bead to support the cen­
ter conductor in the coaxial package. 
In conventional coaxial diodes for use 
above S-band, the center conductor 
which is attached to the diode's active 
element is supported by an insulating 
bead whose length is one-half wave­
length at the design frequency. In 
this way, the desired rf impedance of 
the rectifying contact will be trans­
formed to the input end of the coaxial 
diode. Variations in the rf impedance 
at the terminals of a coaxial diode 
with a half wavelength bead depends 
on how far away from the design fre-

THEORETICAL VSWR vs FREQUENCY 
for Ku-BAND COAXI AL BEADS 
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quency the diode is to be operated. A 
relatively large frequency sensitivity 
exists for these beads. This can intro­
duce large mismatches capable of de­
grading overall diode performance. 

Because of the large mismatch pre­
sented by a half-wavelength bead 
when operating off the design fre­
quency, it is difficult to design broad­
band systems utilizing this type of 
diode. To enable the coaxial diode to 
be used across a band of frequencies 
with only minimum mismatch, 
Sylvania now uses a bead with little 
or no frequency sensitivity. 

The length of the dielectric bead is 
no longer a half-wave at the design 
frequency, but is chosen to compen­
sate for the small capacitances which 
now occur at each end of the bead. 
The relative frequency insensitivity 
of this type of bead is illustrated by 
Figure 1 which compares Ku-band 
operation for both bead types. The 
mismatch introduced by the improved 
bead is very much less than that of 
the old bead design. 

In the past, special diode holders 
with various tuning and matching 
adjustments were necessary when a 
coaxial diode was used at other than 
the design frequency. The holder re-

EQUIVALENCY CHART 

TRI-POLAR 

New Type Old Application 
D5632 1Nll32 3-12.4 GHz Mixer 
D5638 1N358 1-12.4 GHz Detector 
D5634 1N630 1-1 2.4 GHz Detector 

STANDARD COAXIAL 

D5392 1N251 0 8 .2-12.4 GHz Mixer 

D5391 None 10-16 GHz Mixer 

D5282 1N78 12.4-4 .18 GHz Mixer 
D5326 1N26 18-26.5 GHz Mixer 
D5353 1N53 25.6-40 GHz Mixer 

quired retuning when frequencies 
shifted or when another diode was 
installed. The new device eliminates 
these tuning devices which used to be 
part of the diode holder. This means 
not only is the usefulness of the diode 
increased across a band of frequen­
cies, but also installation costs are 
reduced, because a much simpler 
holder is required and diodes may be 
replaced without retuning. 

In the new construction, high tem­
perature bead materials are now 
being utilized. Previously, high di­
electric constants restricted their use. 
The result is an integral glass-to-metal 
seal which can withstand extremes of 
temperature and mechanical stresses, 
and still maintain its hermetic 
integrity. 

These new detectors . are ideally 
suited for broadband ECM and test 
equipments. They are available in 
singles, matched pairs and matched 
quads to meet the users' specific 
needs. 

The new bead construction is also 
used in a tripolar coaxial diode, with 
input/ output termination at different 
ends. This further simplifies construc­
tion of the diode holder. 
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DIODES 

Arrays: now 13 Sylvania diodes 
in one dual-in-line plug-in package 

Figure 1 

Figure 2 

We've gone about as far as we can go. 
In designing diode arrays which can 
be mounted in the popular dual-in­
line plug-in package (DIP), Sylvania 
has been an industry pacesetter. There 
are only 14 leads on standard DIPs 
and we use all of them to provide 13 
diodes and a common connection. 
And not fust 13 ordinary diodes, but 
monolithic silicon epitaxial diodes 
with uniform electrical characteris­
tics. These DIP devices are the latest 
addition to an already broad line of 
diode arrays which include units 
packaged in a T0-46 can or in molded 
epoxy. 

Sylvania's diode arrays containing 
13 individual silicon junctions per as­
sembly are versatile circuit design 
tools. Because these arrays are avail­
able in both common cathode and 
common anode versions, they are 
ideally suited for a wide variety of 
applications. Applications include 
systems using integrated circuits as 
well as those made with discrete com­
ponents or a combination of ICs and 
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discrete components. 
But the multiple diode feature is 

only one of the advantages with these 
units. Use of Sylvania's dual-in-line 
plug-in package offers significant im­
provement over other package types. 
The Sylvania plug-in package lends 
itself more easily to automated inser­
tion on printed circuit boards, takes 
up less stacking space and has lead 
spacing which permits conductive 
printed circuit paths to be carried un­
der the package without any spider­
ing of leads. And you get these ad­
vantages in a package with a true 
hermetic seal. 

Each individual diode in the mono­
lithic array mounted in this superior 
package is an epitaxial device with 
the excellent electrical characteristics 
outlined in the table. The SID13A-l is 
a device having a common cathode 
configuration and the SID13B-l is a 
common anode device. Both operate 
over a range of -55°C to + 150°C 
and are relatively inexpensive. 

Typical of the many uses of these 

0.70 

~ ~1~LEAD #l 
.031 RADIUS LEAD 1 

IDENTITY MARK 

multiple devices is a clamp to reduce 
ringing from mismatched system ele­
ments. One example: when driving 
fast edges through long coaxial lines, 
twisted pairs or open wire, the termi­
nating circuit may not be matched to 
the characteristic impedance of the 
line. The result is ringing and genera­
tion of spurious signals. This ringing 
travels back and forth along the line 
to interfere with logical operations. 

This noise can be squelched by us­
ing these diode arrays as clamps 
which absorb the energy and reduce 
ringing. With NOR type emitter cou­
pled logic this would be done with a 
common anode device as shown in 
Figure 1. Here the diodes keep the 
lines from going more negative than 
one diode drop. 

The same principle applies to other 
logic forms. In some cases it's desir­
able to clamp positive excursions. Fig­
ure 2 shows how this can be accom­
plished in NAND logic using a com­
mon cathode array. 

CIRCLE NUMBER 303 

SPECIFICATIONS (each diode): 

2 

13 14 

Forward voltage@ 1.9 mA@ 25 °C: 
Reverse current@ 5V@ 25 °C: 
Reverse current@ 5V@ 70 °C: 

TYPICAL CHARACTERISTICS 
Forward voltage@ 10 mA@ 25 °C: 
Reverse current@ 20 V@ 25 °C: 
Reverse current@ 20 V@ 100°C: 
Breakdown voltage@ 100 µ.A@ 25 °C: 
Capacitance@ OV, f = 1 MHz: 
Reverse recovery, 11 = I, = 10 maA, 

recover to 1 mA: 
Operating & Storage Temp. Range: 

0.875V max. 
0.25 µA max. 

10 µA max. 

(each diode): 
1.0V max. 

0.1 µ.A max. 
100 µ.A max. 

30V min. 
6 pf. max. 

50 nsec. 
-55 °C to +150°C 



PHOTOCONDUCTORS 

Individually or in arrays, T0-18 PCs 
are customed to meet your needs 

glass window 
e T0-18 metal 

use in PC arrays. The 
sealed in the top of th 
container means they 
end-viewed operations 
less chance of stray lig 
them as they can be d 
the particular light so 
designed to "see." Th 
can be stacked closer 

are made for 
. Thus, there's 

T0-18 cells are among the latest addi­
tions to Sylvania's varied line of 
photoconductors. These miniature, 
end-viewed cells in transistor-type 
packages offer the circuit designer sta­
ble electrical properties coupled with 
long life and high reliability. And 
with Sylvania's customizing capabil­
ity, you can get the precise cell char­
acteristics dictated by your require­
ments; or on special order, you can 
get T0-18 customized arrays. 

Sylvania's custom capability in pho­
toconductors isn't limited to arrays or 

.143" MAX . DIA~ 
(WINDOW) 

matrices only. When your require­
ments make it practical, even the re­
sponse time and other characteristics 
of T0-18 devices can be customized. 
In this way the user gets all the physi­
cal advantages of the T0-18 device­
small volume, low profile, hermetic 
sealing, end-viewing, better heat dis­
sipation-in the precise array config­
uration he wants with the electrical 
characteristics he needs. 

Improved photosensitive material 
used in Sylvania's standard T0-18 
yields response times which are about 
twice as fast as those obtained with 
standard cadmium sul£de types. The 
basic photosensitive material used in 
the T0-18 can be altered to vary char­
acteristics when required. For exam­
ple, various peaks in spectral response 
can be obtained over a wavelength of 
5300 to 6300 Angstroms; and cell re­
sistance at 2 foot-candles can be tai­
lored within a range of 10 K to 100 K 
ohms. 

In addition to the obvious space 
savings, these T0-18s offer other ad­
vantages which make them ideal for 
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for these cells. CIRCLE NUMBER 304 
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PHOTOCONDUCTORS 

Now, drive 300 mW loads with a new 250-ohm PC 

Sylvania's broad line of photoconduc­
tors already contains many T-4 de­
vices capable of handling 300 milli­
watts. Now the T-4 series is expanded 
with the introduction of another unit. 
The extreme sensitivity of this newest 
low-resistance photocell allows the 
design and construction of detection 
circuits to be simplified. Here's how. 

A low cell resistance of 250 ohms at 
2 footcandles (FC) means Sylvania's 
newest T-4 photoconductor can di­
rectly drive sensitive relays in a wide 
variety of applications and eases cir­
cuit requirements in others. Because 
the Type 8760 cell supplies more use­
ful power at lower light levels than 
previously available from units of a 
similar size, associated circuits are 
simplified or eliminated. This lower­
resistance cell allows the use of less 
sensitive and more economical relays 
and can even eliminate stages of am­
plification. The result is a significant 
cost advantage in det<~ctor design. 

The increased sensitivity character­
istics of the 8760 at low light levels 

comes from the type of photoconduc­
tor pattern and material used. A sig­
nificant decrease in the pattern spac­
ing placed on the w· -diameter face of 
the cell represents a significant im­
provement in device construction. In 
the new device, the use of cadmium 
sulfide as the detector material gives 
stable operation as ambient tempera­
tures vary. 

Typical of the applications for the 
8760 are fire and smoke detection sys­
tems. One system now being devel­
oped uses this improved photocon­
ductor to detect ignition in gas-fired 
furnaces. With ordinary photocells, 
the light output of the gas burner is 
too low to be detected reliably. Of 
course, the new cells can also be used 
in oil ignition detection systems. 

The 8760 can operate a relay di­
r ectly at the same low light levels at 
which other detectors would require 

CELL RESI STANCE vs ILLUMINATION 

•OOO 'b. 

•'--L...L.L.Lli_llL_---'--L-.Li-.li.UL----'----'--L.J...WU,_-'--l--'-1.JlillJ 
J I I) IOO 

ILLUMINATION IN FOOTCANOLES 

an additional stage of amplification . 
In addition, this new low impedance 
device adapts better to switching ap­
plications. Impedance of the 8760 ap­
proaches zero at even relatively low 
light levels while showing extremely 
high values in the dark. Resistance 
ratio of dark to 2 FC is at least 200:1, 
with typical values of 500: l. Mini­
mum value for 2 FC to 100 FC resist­
ance ratio is a high 15 to l. 

Despite an intricate finger pattern, 
plus a low resistance in light (12.5 
ohms at 100 FC) and a high dark re­
sistance (100,000 ohms), the 8760's 
voltage rating is high. In the dark, 
the new unit can take up to 175 V AC 
without damage. 

All of Sylvania's T-4 devices can 
take 300-g impact shocks and 2.5-g 
vibrations. With the addition of the 
newest devices, light resistance values 
now cover the range from 250 ohms 
to 9 K ohms. Sylvania can also supply 
higher resistance cells on special or­
der. Minimum dark/light resistance 
ratio for any unit in the line is 100: 1 
and voltage ratings for these ~"-diam­
eter end-view cells are as high as 400 
volts. CIRCLE NUMBER 305 

8760 CHARACTERISTICS 

Cell Resistance I Resistance Ratio 
At 100 FC 12.5 ohms Dark to 2 FC , min. 
At 2 FC 250 ohms Dark to 2 FC , typ . 
At Da rk 0.1 Megohm 2 FC to 100 FC, min. 
Cell Voltage 175 VAC 2 FC to 100 FC, typ. 

200:1 
500:1 

15:1 
20:1 

SYLVANIA 
This information in Sylvania Ideas is furni shi 

wi thout assuming any obligatio1 

GEN1

ERRAL TELEPHONE & ELECTRONICS GT&E 
NEW CAPABILITIES JN: ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES • SPECIAL COMPONENTS • DISPLAY DEVICES 

Circle Numbers Corresponding to Product Item 

~-~~~_:_::~~~3-0-1~~~30-2~~~3-0-3~~-3-0-4~~--~ 
D Please have a Sales Engineer call 

~~ 
HOT LINE INQUIRY SERVICE 
Need information in a hurry? 
Clip the card and mail it. Be 
sure to fill in all information re­
quested. We'll rush you full par­
ticulars on any item indicated. 

You can also get information 
using the publication's card 
elsewhere in this issue. Use of 
the card shown here will sim­
plify handling and save time. 



We keep some powerful 
experiments quiet. 

Fuel cells don't have to be noisy. 
We developed one for the Army 

that you can't hear only 100 feet 
away. This 300-watt cell should 
produce 28 VDC for more than 
1000 hours without special atten­
tion. 

Yet, complete with cell stack, 
blower, pump, starter and voltage 
regulator, it weighs only 30 lbs. 

Fuel cells are the lightest, most 
effective, non-mechanical devices 
yet discovered for generating 
electric power. 

We make them in all sizes. 
But fuel cells are only one of 

the activities that keep Union 
Carbide up front, on the frontiers 
of electronics. For instance, 
among other things, we're lead­
ers in research, development and 
production of single crystals and 
crystal products; solid tantalum 
and foil-film capacitors; laser 
systems and accessories; solid 
state devices. 

These are among the reasons to 
think of Union Carbide for help 
before your projects get beyond 
the talking stage. 

• 
Union Carbide 

Corporation, Elec­
tronics Division, 
270 Park Avenue, 

ELECTRONICS New York 10017. 

Circle 35 on reader service ca rd 



Plenty of customers 
told us what we 
could do with them. 

Your ideas, your designs, your sug­
gestions. These are the things that 
have made Bendix® JT Pancake™ 
connectors what they are today: 
Customer-engineered for numerous 
applications. 

This means that among the thou­
sands sold to date, there's bound to be 
a Bendix JT connector that's just 
made for your application. 

Choose from crimp or solder termi­
nations. Nine shell sizes-8 through 

36 Circle 36 on reader service card 

24. Eight shell styles. 40 different 
insert patterns with 16-, 20-, 22- and 
22M-contact sizes that will accept a 
wire range of 16 through 28 gage. 
Included are Double-Density models 
with up to 128 contacts. Potted, 
grommetted and hermetic versions, 
too. All have improved environmen­
tal sealing and resistance to pin 
splaying and bending. Fewer compo­
nents. Lot control for sensitive items. 
Alternate keying to eliminate cross 

plugging. Better electrical and envi­
ronmental performance through rigid, 
glass-filled, one-piece epoxy inserts, 
instead of conventional, multi-layer 
sandwich construction. Temperature 
capabilities to 392°F. continuous 
operation. 

If we still haven't mentioned a 
feature you need, tell us. We might 
make it part of a Bendix JT Pancake 
connector for you. Contact Electrical 
Components Division, Sidney, N.Y. 

Electronics 





38 Circ le 3 8 on reader servi ce card 

FAST, EFFICIENT 
OPTOELECTRONIC 
SOURCES, 
DETECTORS ... 

GaAs source, PIN photodiode 

Rugged, compact 

Proven reliability 

Economy priced 

... from HPA 
Get optimum performance and design flexi ­
bility in the HPA 4107 gall ium arsen ide infrared 
source and the fast 4205 photodiode. Both are 
in identi cal compact pill packages. 

The 4107 delivers a narrow, high-intensity 
beam when forward biased . The 4205 is a fast 
detector, DC to 1 GHz, with high sensitivity , 
stabil ity , and low noise cha racteristics . To­
gether, these solid-state devices offer unex­
celled performance for a broad range of high­
speed appl icat ions. Quantity price discounts . 

For information call your local HP field eng i­
neer or wr ite HP Assoc iates , 620 Page Mill 
Road , Palo Alto , Cal iforn ia 94304. 

Specifications 4107 

Total Output Modulation 
Power P Rise Time Price 

-
100 µW 100 nsec $21 (1-9) 

18 (10-99) 

Specifications 4205 

Response at Sensitive Speed of Dark 
nooa Area 

1.5 11A/ 3.0x10 -' cm' 
mW/cm' 

HEWLETT 
PACKARD 

01706 

Response Current Price 

< 1 nsec 150 pA(max) $16.00(1-9) 
13.60(1 0-99) 

HP 
ASSOCIATES 

Circ le 3 9 on rea d er serv ice ca rd ~ 



•--,. - ,, - •You don't have to 
•<~'""""'1'""" '' '''''"·'·!.:,,,v~ fhi~cottish to go for 

"'- I We're so thrifty­
minded at Honey­
well that we've been 
able to put the taut­

band meter's price down even lower 
than the price of a pivot-and-jewel 
meter. (About 103 lower, on the 
average. ) ~-._,~ 

Maybe that sounds ,f"'\,"~'"~""'""f..,,,,,,,/""' 
to you like we've ~-·~·'' ,,,~,,,. 

- • volts "' 

left somethmg out. --

We have. •••••••••• curacy and repeat­
ability. And it's 

')O -.o ~o so ,fl 
We've left out half the parts, ,. ,, self-shielded. 

in fact. (All the unnecessary '' '• "'• Honeywell's new 
ones.) This doesn 't make the taut-band meter. It 
meter less sophisticated. Just o. c. MILUAMPEllE s comes in just about 
less complicated. •••••••••• any style you like. 

It's a very different kind of meter. Write Honeywell Precision Meter 
It costs less, for one thing - for us to Division in Manchester, N. H. 03105 
make and for you to buy. It 's simpler and we'll send you a brochure. 
and more reliable. 

There's no friction in the moving 
system, so you get better readout ac- Honeywell 

We've P.Ut the 
taut-ban<I meters price 
where you want it. 

.4 .6 
\,,,\,111,,,/9 

\ // / 
"/ 



Two more 24Kt. 
gold processes 
from Sel-Rex. 
One may be 
99.99+% better 
for you. 

Deposits from Pur-A-Gold 125* and Pur-A­
Gold 401 * neutral gold plating processes are 
99.99+ % pure, free of organic contaminants 
and are uniform in distribution. Both processes 
are used in semi-conductor manufacture be­
cause they're extremely stable and consistently 
produce high performance results. 

One maker of integrated circuits gets excel­
lent die attachment with only .000050" of a 
401 deposit in place of the .000100" he needed 
with a previous process . A transistor manufac­
turer reports excellent high temperature resist­
ance for a 125 deposit. .. 350 °C in air for over 
one hour without discoloration. 

Which process is better for you depends on 
your product, your processing cycle and your 
performance specifications. But with either, you 
get more than a reliable plating process. You get 
the back-up service that has made Sel-Rex the 
leader in precious metal plating technology. 
Write for a comprehensive guide to precious 
metal processes. 

Sel-Rex Corporation 
Dept. X-6, Nutley, 
New Jersey 07110 

*Processes patented, trade marks registered 

Subsidiaries and associated companies in Canada, S witzerland, Gr eat Br itain , France, Holland, Japan, West Germany. 
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Micro-machined from Jewel-hard Materials 
SEMICONDUCTOR PRODUCTION TOOLS ARE THE EXCLU­
SIVE PRODUCTS OF TEMPRESS RESEARCH COMPANY, 
based on unique processes developed by Tempress engi ­
neers for micro-machining diamonds and jewel-hard mate­
rials , such as titanium and tungsten -carbide . The company 
has become the principal source for the nation 's leading 
semiconductor manufacturers because of the extreme dur­
ability and precision of these tools, immediate deliv­
ery from stock, and constant, personalized service at 
a high technical level. Among the Tempress products 
displayed on this page are: hydrogen flame-off torches, 

DI AMONDS COURTESY Of MICHAEL WER01GER, INC. 

tungsten carbide lead bonding wedges, tungsten carbide 
lead bonding capillary tubes, diamond scribing tools, tung­
sten carbide probe contact needles, and diamond lapping 
points. If you have a requirement for any of these devices, 
let us place a highly detailed booklet in your hands, listing 
spec ifications, prices, and ordering information . Please 
write to us, noting the name of your company, address, and 

your specific applications. 

TEMP RESS 
Tempress Resea rch Co. , 566 Sa n Xavier Ave. , Sunnyva le, Ca lif . 
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CONTROL DATA 
COR P ORATION 
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For your tropospheric scatter antenna 
needs, whether they be component part 
or complete feed system, avail yourself 
of the talent and experience of TRG. 

With little or no change in the feed run arrangement, performance of 
existing tropospheric scatter communication links can be improved sev­
eral db on each link by replacing the conventional feeds with the TRG 
Scalar Feed . This is a typical TRG contribution . The same kind of tal ­
ented engineering can be applied to a complete new feed system. For 
details on how to put TRG Microwave Antenna experience to work for you, 
contact your TRG representative or write to: TRG , 400 Border St reet, 
East Boston , Massachusetts 02128. Phone (617) 569-2110. 

TRG/ A Division of Control Data Corporation 



;Semiconductor Report rl 
NEW POWER CONTROL PRODUCTS AND IDEAS FROM MOTOROLA 

800 mA SCR (RMSJ 
TURNS ON MANY 
LOW-COST, HIGH-VOLUME 
APPLICATIONS 

With prices pegged below 401/: in 
volume quantities, the new 2N5060-
63, 800 mA SCR series is sure to be 
a hit with the designer of low-cur­
ren t, low-voltage power control 
circuitry. 

Housed in the miniature Unibloc* 
plastic package, these 30 to 150-volt 
units can be plugged into existing 
T0-18 pin circles without l ead 
crossing. 

Only 200 µ.A of current triggers 
them into conduction, too - making 
them ideal for low-level sensing and 
triggering circuits. 

Applications in low-power con­
sumer I industrial I military designs 
are limitless: military fuzes (squib 
firing and safety circuits ) , flam e 
d etectors, a utomatic warning sys­
tems, lamp and relay drivers, tiny 
motor controls, sensing, detecting 
a nd processing control circuits, 
vending machines, burglar alarms, 
touch switches, ring counters, shift 
registers, flip flops , gate drivers for 
la rger SCR's, ad infinitum ... ! 

' ,Electronics \ June 26, 1967 

And exclusive Annulart construc­
tion affords reliable operation over 
a wide -65° to +125°C operating 
temperature range. Other features 
include 6-ampere peak surge current 
rating, and 1.7-volt forward on volt­
tage @ lA peak. 

Quantity availability of the "big 
little" series is immediate ! 

Circle 516 Readers Servi ce Card 

PULL THE TRIGGER 
ON COSTLY THYRISTOR · 
DESIGNS WITH 
3 NEW FIRING DEVICES 

Look what happens to your con­
sumer I industrial thyristor power 
control circuitry when you design in 
a new Motorola Unibloc plastic trig­
ger - you get: symmetrical switch-

115V 
60Hz 

UP TO Bo RMS 
(HALF WAVE) 

LOAD 

2.7K 

150K 

2N4154 
ELFSCR 

MPT32 
. I JJ. f TR IGGER 
50V 

ing characteristics . . . low 50 µ.A 
( max ) sw itching current which 
reduces trigger capacitor size .. . 
and larger, 10-volt ( typ ) switch­
back voltage which furnishes higher 
energy pulses to gate and gives faster 
turn-on, lower switching losses and 
more reliable SCR operation. 

How can you best use them .. . at 
below-25¢ volume prices? 

Tie the MPT-28, -32, -36 series 
together with any of the more than 
270 different thyristors now avail­
able from the industry's broadest, 
up - to-35-ampere thyristor line 
including these 8-ampere Motorola 
uni ts: new 50-400 volt TRIACS, 50 
to 600-vol t Thermo pad ':' plastic 

SCR's and the ever-popular, her­
metic, 25 to 400-volt Elf* devices 
(see circuit). 

Try a Motorola thyristor I trigger 
combination today! 

Circl e 517 Readers Service Card 

NO "GUESSES" "• 
WITH NEW RECTIFIER SPEC 

Undefined areas on either side of 
the old JEDEC rectifier-derating­
curve method - often filled by con­
fusing performance claims and 
promises by many manufacturers -
have been eliminated with publica­
tion of the new Surmetic * rectifier 
D esigners Data Sheet *. 

Incorporating the n ew JEDEC 
method of defining a diode's capa­
bility in terms of lead length and 
temperature, the design aid shows 
the low-cost Surmetic to be capable 
of far more than its former, nominal 
1-ampere-at-75°C rating. In fact, at 
80 • C, with leads clipped close to the 
body, it can easily handle over 2.5 
amperes, resistive or inductive load! 

Besides affording invaluable infor­
mation on output current-tempera­
ture conditions, the D a ta Sheet 
provides a clear picture on both 
typical and maximum vF vs iF, surge 
ratings followed by full V HM • VF at 
various junction temperatures, plus 
10 other important, first-time device 
specs which permit the design of 
most circuits entirely from the infor­
mation presented. Send for a copy 
now! Motorola Semiconductor 
Products Inc., Box 955, Phoenix, 
Arizona 85001. Cir~':,~~~ ~:~3•rs 

*Trademark of Motorola Inc. 
t Annular Semiconductors are Patented by Motorola Inc. 

MOTOROLA Semiconductors 
-wlieu tk p~ i+J;Mdient ~ <JM£/ 
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Model PT-2 Model DTS-1 

0.0005 °C RESOLUTION 0.002°C 

Manual Balancing OPERATION Fully Automatic 

5-Digit Decade Dials READOUT 4-Digit Nixie Display 

±0 .01°C (over Oto 1000°Crange) ABSOLUTE -+- O.l°C (over full range) ACCURACY* 

$2650 

These digital thermometers/tempera­
ture controllers offer a choice of fea­
tures for high precision temperature 
measurement and control applications. 

For temperature measurement, both 
operate by comparing the resistance 
of a sensor element of platinum (the 
material whose characteristics define 
the International Temperature Scale) 
with an internally generated reference 
function obtained by a unique resist­
ance analog network that precisely 
duplicates the temperature-versus­
resistance change of platinum. 

PRICE 
( EXCLUDING PROBES} 

Bridge by means of 5 decade dials 
and a temperature deviation meter. 
In its most sensitive range the meter 
reads 0.01 °C full scale which results 
in a resolution of better than 
±o.ooos 0 c. 
The Model DTS-1 provides a fully 
automatic digital indication of tem­
perature. In addition, this informa­
tion is available in binary or 10-line 
decimal coded form for printer or 
computer input and in pulse code 
modulated form for telemetry 
applications. 

Temperature measurements are ob- For temperature control, both instru­
tained with the Model PT-2 by man- ments provide an analog signal pro­
ually balancing a modified Kelvin portional to the difference between 
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$3950 

the desired temperature set on the 
instrument panel and the sensed tem­
perature. This signal may also be 
used for recording temperatures about 
a preselected set point, for expanded 
scale measurements, or for high/ low 
alarm. 

Complete information is available in 
Bulletins No. 122 (Model PT-2) and 
No. 118 (Model DTS-1). 

*Subject to operating range of actual 
sensor used. 

PRINCETON 
PPLIED RESEARCH CORP. 
Oept. D 

Box 565, Princeton, N. J., Tel. (609) 924·6835 
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Instrumentation 

Second generation 

In the 38 years since the Leeds & 
Northrup Co.'s A.J. Williams Jr. 
helped invent the electronic strip­
chart recorder, engineers have 
made only minor improvements on 
the original design, never improv­
in g resolution and only bettering 
the response time by a factor of 10. 
Now the 6-!-year-old \Villiams has 
come up with a recorder, based on 
some new principles, that increases 
resolution 40 times-to 40,000:1-
and cuts response time to 250 
microseconds from 0.25 second. 

The resolution breakthrough is 
accomplished by combining analog 
and digital techniques to sample 
the signal , separate input informa­
tion into five decade ranges, and 
imprint digital curves on 2112-inch­
wide paper. Says \Villiams: "It's 
like looking at the same input sig­
nal recorded on five separate re­
corders with their ranges adjusted 
in ratios of 10: l." Although the 
prototype-a strip-chart recorder 
-is limited to a maximum input 
signal of 19.999 volts , Williams 
says the machine can be designed 
to accommodate signals of almost 
any magnitude. And, he points out, 
resolution can reach 200,000:1. All 
that's needed is an analog-to-digi­
tal converter with more resolu­
tion than the prototype's , which 
is four decades plus two steps in 
the fifth decade. 

No moving parts. The response 
time in standard recorders is rela­
tively slow because the null-balanc­
ing technique is used ; data is re­
corded by a moving pen. But Leeds 
& Northrup's new model eliminates 
all moving parts. Writing is done 
by current pulses on electrosensi­
tive paper; only the paper moves. 
Analog input ~ignals from d-c to 
100 hertz witili dynamic ranges to 
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92 decibels can be recorded with­
out changes in gain settings. Un­
like standard recorders , the new 
model has a digital readout to pro­
vide an instantaneous display of the 
input value. 

Analog input signals are fed to 
an input switch , such as a high­
speed commutator or multiplexer, 
to permit handling more than one 
signal. The prototype's electronics 
is capable of handling six input 
channels , but only four-chann el re­
cording paper is available. A buffer 
amplifier matches the output im­
pedance of the input switch to the 
input impedance of the analog-to­
digital converter. 

After conversion, the digital in­
form ation is fed simultaneously 
into the digital display and the re­
cording electronics. A component 
that the company calls a decade 
halfer senses whether a digit is in 
the upper or lower half of the 
decade. 

ANALOG-DECIMAL RECORDER 

t VOLT O.lv O.Olv O.OOtv O.OOOtv 
OiV DiV DIV DTV DIV 

Electronic writing. Next, the digi­
tal information is sent to a diode 
AND gate decoding circuit. From 
the decoder the signal s are applied 
to stylus amplifiers and then to 
an output switch , a selection matrix 
that feeds the appropriate stylus 
amplifier's output to the correct 
stylus. There are 100 marking sty­
lu ses for the five decades, with 
each stylus controlled by its own 
amplifier-an ordinary pulse ampli­
fi er. A control circuit coordinates 
the input and output switches as 
well as the last entry into the diode 
gate. 

The paper is coated with a metal 
film , which is th e ground for the 
writing circuit. Data is entered on 
the chart by conducting pulses 
from stylus through paper to 
ground. 

Designing the stylus was a tick­
lish problem. Each channel has five 
half-inch-wide stylus cards con­
taining 31 styluses, 11 for putting 

CONVENTIONAL ELECTRONIC RECORDER 

:::1 VOLT----.! 
TIME 

High resolution. Tracings of exponentially decaying voltage show the sharp 
contrast between the new and conventional recorders. Tracing at right, clearly 
showing the 0.00185·volt reading, was made by the Leeds & Northrup instrument. 
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Writing tool. Sty lus replaces moving 
pen in strip-chart reco rder. 

the calibration lines on paper and 
20 for marking. The marking sty­
luses are divided so that there are 
two data points between each pair 
of calibration lines in a decade. 
Becau se the stylu s cards are so 
small and their accuracies are so 
vital to the recording technique, 
Leeds & Northrup engineers turned 
to photoetching techniques to 
manufacture them; the techniques 
are simil ar to th ose used in making 
masks for the produ ction of inte­
grated circuits. 

The in strument has almos t un­
limited applica tions, says R.H. 
Cherry, the company's research 
and development direc tor, because 
of its wide range, mu! ti pie-record­
ing capability, high speed, rapid­
data access, and peak-ratio detec­
tion. F or example, peak-ratio detec­
tion alone makes the recorder a t­
tractive for such Beld s as plas ma 
physics and magnetohydrodynam­
ics, where experimental data is fre­
qu ently lost because recorders can' t 
accommodate s ignals with a wide 
range of peak amplitudes. In \Vil­
liams' new recorder, peak valu es 
are displayed in the decade chan­
nel where they occur an d the ra tio 
b etween peaks can be determined 
easil y and accurately. 

Who's the customer? Ironically, 
it's this wide range of applications 
that's giving Leeds & Northrup its 
bigges t headache. "A complete, six­
channel in strument built with dis­
crete components to meet the needs 
of nearly every potential customer," 
points out John Melcher, a planning 
aide to the company's marketing 
and systems vice president, "could 
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conceivably cost as much as $30,000 
and limit the number of buvers." 
H owever, a modular-con s tr~ction 
t echnique could redu ce the cost by 
permitting Leeds & Northrup to 
tailor the instrument to each appli­
cation . For instance, the converter 
could be bypassed for a quick look 
at curves of digital information­
a far better technique than trying 
to visualize the changes taking 
place in a long series of digital 
values. This would eliminate half 
of the recorder's electronics. Also, 
customers can use their own a-to-d 
converters and eliminate the cost of 
that component. 

"vVith a large market," Melcher 
adds , "the manufacturing costs can 
be reduced by incorporating Ic's 
into the electronics. But that could 
signiflcantly ex tend the develop­
ment phase of the project." 

Consumer electronics 

IC's stalled 

In D etroit, the marriage of inte­
gra ted electronics and automotive 
equipment is turning out to be 
harder to arrange than anybody ex­
pected . Mu ch to their chagrin , elec­
tronics engineers have discovered 
tha t the automobile is a torturous 
environment, even worse than many 
military atmospheres. Noise, high 
temperature, and vibration-plus 
an overriding consideration for low 
cost-are stretching out schedules 
for the introduction of integrated 
circuits into automotive equipment. 

Adds up to profit. The auto com­
panies discovered integrated cir­
cuits in 1965 at about the same time 
that the IC makers and semiconduc­
tor companies were discovering the 
auto companies. To engineers a t the 
auto companies, integrated circuits 
looked like the long sought devel­
opment to make feasible Ble-draw­
ers full of ideas that had been sug­
ges ted over the past 20 years to 
improve autos. At the Ford Motor 
Co., for example, engineers drew 
up a list of more than 100 functions 
1c's might perform in the family 
car. 

Meanwhile, semiconductor com-

panies did some simple arithmetic; 
they multiplied these 100 functions 
by the 9 million to 10 million cars 
built every year and envisioned the 
giant auto industry as their second 
biggest potential customer, righ t 
behind computer manufacturers . 

By last autumn, [Electronics, Oct. 
3, 1966, p . 187] , development and 
planning had progressed so well 
that all of the big three auto makers 
were ready to put the Brst product 
with integrated circuits-a voltage 
regulator- into small production 
runs of 1968 luxury models, roughly 
100,000 at each car maker. The de­
sign was set : a hybrid circuit. And 
the price was set : for the Brst year 
$3 each for units for autos, $3.30 for 
trucks. \i\Then volume stepped up in 
the second year- assuming the unit 
was as good as everybody expected 
-the target cost was to be $1.40. 

Price rise. But when the auto 
companies put the prototype that 
worked well on the test b ench into 
a tes t car, the IC regulator didn't 
work at all. And by the time it was 
modified , shielded, and toughened 
to withstand high temperatures, the 
price had risen well above the $3 
Bgure. 

Las t week an engineer in D etroit 
noted, "Anybody ready to sell a $3 
IC voltage regulator that works in a 
car can get a lot of business today" 
- even though that price is some­
what higher than what the auto 
companies pay for an electrome­
chanical regulator. H e added, "I 
have yet to see a commercial appli­
ca tion of 1c's for autos." 

Electrical noise and heat are the 
most debilitating factors. "The au­
tomobile is a superb generator of 
electrical noise," said an electronics 
engineer who had predicted a quick 
and bright future for 1c's in cars. 
"Almost everything on it makes 
noise: spark plugs Bring, brushes on 
motors, relays clanking open and 
shut, diodes reacting on the alter­
nators, even fuel sloshing in the 
tanks. The spectrum runs from 10 
to 1,000 megahertz," he complained. 
So much noise interferes with the 
operation of the electronic regula­
tor, spoiling its accuracy. 

Heat rise. Temperature was not 
expected to be too big a problem 
because semiconductor engineers 
thought the specifications would 
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demand that the device withstand 
temperatures up to about 120°F . 
But they did not know about a phe­
nomenon the auto men call soak 
heat-heat radiated by the cast iron 
engine block after the engine has 
b een turned off raises temperatures 
under th e hood to 180° or more. 

Although the semiconductor por­
tion of the circuit is not affected by 
the auto's steady vibration, the con­
nectors are. During driving tests, 
leads disconnected or broke off. 

All these disappointments have 
snarled plans for 1968 models. Al­
though each of the auto companies 
would like to b e first with an IC reg­
ulator-to get more experience with 
IC equipment and to brag about the 
technical innovation-each is wor­
ried abou t maintenance troubles. 

Usually, plans for the new mod­
els are locked up tight by June of 
each year, but this year, the au to 
companies are still iffy on the IC 
regulator even as they phase out 
production of 1967 models. 

Slowup. That doesn't mean the 
auto men or the semiconductor en­
gineers are ready to give up. Al­
most all feel that the 1c will have a 
great future in automobiles. But 
now they are saying that it will take 
longer than they had expected. The 
experts are still betting that the 
voltage regulator will be the first 
application of Ic's. Next will come 
Ic's for car radios. Then either a 
speedometer or an ignition will be 
built with integrated electronics. 

Typifying the new subdued op­
timism, Michael Ference, Ford's 
vice president in charge of scientific 
research, predicted , "In five or six 
years, you'll see Ic's in a lot of 
places in the car-in control mech­
anisms, in engine devices ( like elec­
tronically controlled fu el injection), 
in radios and music centers, and in 
brake controls. But some of the most 
advanced applications, l ike dis­
plays, are at least 10 years away. 

Schottkys in hi-fi 
Schottky diodes, those rela tively ex­
pensive but inh erently low-noise 
devices that have been used almos t 
exclusively in high-priced military 
and industrial ·communica tions 
equipment, are finding their place 
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CONVENTIONAL F-M MIXER 

F-M 
SIGNAL 
IN -----------~----. 

EXPERIMENTAL F-M 
DIODE MIXER 

Electronics Review 

Double balanced. Basic design of experimental diode mixer in a double-balanced 
diode circuit that replaces a conventional transistor type mixer. 

in consumer products . By turning 
to the barrier diodes, one producer 
of top-of-the-line hi-fi equipment, 
the Marantz Co., found it could 
completely eliminate the two r-f 
amplifier stages in a stereo re­
ceiver it's designing. vVhat's more, 
Marantz found that the set's over­
all noise was reduced, s nsi tivity 
increased, and production costs 
were trimmed. 

Other hi-fl producers are show­
ing an interest in Schottky diodes, 
but no other company is as close as 
Marantz to a product. The Marantz 
stereo will be on dealers' shelves in 
the fall, with a $575 price tag. This 
will mark Marantz's entry into the 
integrated-receiver market; pre­
viously it sold tuner and amplifier 
as separate components. 

Marantz will use the diode, sup­
plied by Solitron Devices In c. of 
Tappan, N.Y., in a balanced quad 
mixer confi guration to achieve an 
es timated noise figure of 4 decibels 
or better, compared with 6 to 8 db 
currently. 

Other applications. The other 
consumer firms appraising Schottky 

diodes are looking b eyond the first 
mixer, according to Gary Davies, 
an applications engineer for Soli­
tron , who says these firm s are aim­
ing at limiters and f-m detectors. 

F -m tuners using metal-oxide­
semiconductor fi eld effect transis­
tors in the r-f amplifier and mixer 
stages h ave better noise fi gures and 
image rejection capab ilities than 
their tube counterparts . But the r-f 
gain of these receivers mu st b e 
carefully controlled to prevent 
signal overload, as well as to mask 
the noise generated by the mixer. 
Thus, the r-f stage serves largely to 
compensa te for noise and the dis­
tortion properties of the mixer, 
rather than to increase sensitivity. 

Optoelectronics 

Blind to danger 
Engineers pay about as much at­
tention to warnings of eye dam­
age from lasers as smokers do to 

47 



Electronics Review 

warnings about cancer from cig­
arettes. 

Doctors' admonitions for the 
most part have fallen on deaf ears. 
For example, at this month's IEEE 

Conference on Laser Engineering 
and Applications in W ashington, 
where a score of fi rms exhibited 
their latest wares, laser beams 
were shooting in every direction. 

Said Glenn H ardway of Space­
rays Inc., an exhibitor at the IEEE 

show: 'Tm quite concerned about 
the way people are using lasers 
a t the show. I just du cked a beam 
darting around at my eye level. " 

Army wary. The seriousness of 
the problem was highlighted by the 
Army's decision to encourage work 
on systems opera ting a t invisible 
wavelength s even as it develops 
visible-light sys tems. 

Visible-light lasers, such as ruby 
lasers, are the most dangerous be­
cause visible ligh t passes easily 
through the eye; invisible beams 
are transmitted poorly. The Army 
recently suspended fi eld tests for 
a laser rangefinder on the M-551 
Sheridan antitank weapons sys tem 
while it investigates eye hazards 
to troops involved in the tests. This 
leaves the rangefinder 's maker, 
TRG Inc., a subsidiary of the Con­
trol Data Corp., wonderin g which 
way to turn. Accordin g to TRG's 
marketing manager, Robert J. Sey­
mour, "The hazards are not de­
fin ed ye t. As a man out to sell 
lasers , I need some answers." 

Studies made for the Surgeon 
General's offi ce, accord ing to Mar­
vin E. Lasser, chief scientist of the 
Army, have shown that an observer 
looking into the beam of a laser 
ran gefinder from as far away as 
11.2 miles may receive retinal 
burns. But a t Ft. Monmouth, N.J., 
engineer Donald A. Smith says he 
has looked into the beam of a 
6,328-angs trom (red), 7-milliwatt 
laser from 3.1 miles with no ill 
effects. 

Dr. W alter J. Geeraets, an oph­
thalmologist at the Medical Col­
lege of Virginia, reports seeing 10 
or 12 "clear-cut cases of eye dam­
age resulting from lasers" plus 
cases of possible peripheral dam­
age. H e's now working for the 
Armed Forces Council on Vision, 
framing recommendations for 
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safety precautions fo r people work­
ing with lasers. Among them, says 
Geeraets, will be eye checkups 
every six months, detailed examina­
tion and photographing of a man's 
eyes when he begins workin g with 
lasers, and examinations of work­
ers' eyes within 24 hours of sus­
pected exposures. 

A way out. Some answers may 
b e in sight. Biorad Inc. of H yde 
Park, N.Y., has a Government con­
tract to ferret out safe uses of 
lasers ou tside the laboratory. And 
the Army's Lasser says that work 
on the new approach-rangefinders 
using invisible light-may solve 
the military's problem. For ex­
ample, doubl ing the output fr e­
quency of a ruby laser will change 
its beam from red to blue-violet's 
3,471 angs troms-just short of the 
visible wavelength. Doubling the 
frequency sharply reduces beam 
power, but a weaker beam would 
be less likely to cause damage. And 
there wouldn ' t be any loss of per­
formance because detectors used 
at the shorter wavelength are much 
more effi cient. 

Military electronics 

Nothing borrowed 
Lockheed Missiles & Space Co. 
engineers assigned to build the in­
strumentation to Ri ght test the new 
Poseidon Hect ballis tic missile had 
to star t from scratch. Almos t noth­
ing could be borrowed from the 
equipment they used to fli ght-test 
the earl ier Polaris . 

The fresh approach was dicta ted 
not only by advances in the state 
of the telemetry art but because 
of a tremendous increase in instru­
mentation needed to tes t the 
Navy's C-3 submarine-launched 
miss ile, and the requ ired shift of 
telemetry frequencies from L b and 
(250 megahertz) to S b and (2,250 
megahertz). 

Lockheed is completing the de­
sign of the instrumentation fo r a 
flight program due to begin within 
the next couple of years. The two­
stage, solid fuel miss ile- carrying 
a 1bigger payload and having a 

longer range than the current oper­
a tional A-3 Polaris-will b e car­
ried by 31 U.S. nuclear submarines. 
About $900 mill ion is in the fi scal 
1968 defense budget to begin de­
veloping Poseidon, which the Navy 
says will be opera tional sometime 
in the early 1970's. 

Plume problems. The telemetry 
frequency switch, longer test fir­
ings , and the a ttenuation of the 
r-f signal due to the exhaust plume 
-particul arly bad in staging and 
thru st term ination-are just a few 
of the headaches facing the design­
ers. "About the only thing good 
about going to S band is the small 
antennas ," complain s Ralph ' "· 
F ranks, manager of electrical sys­
tems engineerin g at the Lockheed 
Aircraft Corp.'s divis ion. 

Since mu ch more data will be 
sent back to grou nd stations from 
test miss iles, Lockheed went to a 
400,000-bit-per-second pulse-coded 
modulation (pcm) sys tem. Other 
reasons fo r dropping the analog 
f-m/ f-m Polaris telemetry were that 
the pcm needs less power, weight, 
and space, has greater accuracy, 
and permits more flexible program­
ing. 

Prototype pcm. Lockheed Mis­
siles previously had built its own 
Polari s telemetry sys tem, but de­
cided to go to an outside supp lier 
for Poseidon b ecause of the new 
type of telemetry. " It's cheaper to 
go to an expert," says F ranks. 
Abou t a dozen companies sought 
Lockheed-funded design contracts 
and the company chose two a year 
ago to design and build two proto­
type versions of pcm multiplexers 
and encoders. One approach em­
ploys junction fi eld effect tran­
sistors and the other uses :l\WS F E T' s 
to do th e switching, bu t both sys­
tems were built to the same speci­
fi ca tion. 

Lockheed will select the winning 
company this month . The two com­
panies competing for what is ex­
pected to be an award worth tens 
of mill ions of dollars are Spaceco 
Inc. of Huntsville, Ala., and Dyna­
tronics opera tions of the General 
Dynamics Corp., Orlando, Fla. 
Lockheed Electronics Co. of Plain­
fi eld , N.J., will build the telemetry 
ground equipment. 

An even tougher development 
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Sharpest Breakdown Below 10 Volts! 

The LVA''' is more than just a new 

diode: it represents a major break­

through in low voltage regulators 

(patent pending). Wherever you 

need a zener below 10 volts , the 

LVA will significantly improve cir· 

cuit performance with its ava­

lanche breakdown characteristics. 

With the LVA you can design 

better low current circuits, battery­

operated circuits, and operational 
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amplifier clamping networks. And 

now for the first ti me , you can 

make zero TC reference below 

5 volts! 

The LVA,i s available in 10 val· 

ues from 10 volts down to 4.3 

volts . Delivery is off-the-shelf from 

factory or authorized distributors. 

If you 'd like to compare , write 
for test samples and applications 

data on company letterhead to 

TRW Semiconductors, Ray Koch, 

14520 Aviation Boulevard, Lawn­

dale , California 90260. Phone 

(213) 679-4561. TWX 910-325-

6206. TRW Semiconductors Inc. 

is a subsidiary of TRW INC. 

TRW 
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effort currently is under way on the 
ultrahigh frequency telemetry 
transmitters. Lockheed also picked 
two companies to develop and 
bui ld prototype tran smitters and 
exp ects to award the S-band trans­
mitter contract within the next 
month or two. Competing for a 
contract of about the same value 
as th e telemetry equipment are the 
Conic Corp of San Diego, and Mo­
torola lnc.'s Government Electron­
ics division of Scottsdale, Ariz. 
Both transmitters being built are 
of all-solid state design, using 
varactors to produ ce a 4-watt out­
put at S band. 

Long "buys." The contracts 
Lockheed will award for Poseidon 
instrumentation are particularly at­
tractive. Although none of the tes t 
instrumentation will go on opera­
tional missiles, Lockheed will 
probably be bu yin g it for fi ve years 
or longer. Lockheed was really 
counting its pennies when it .se­
lec ted the instrumentation des ign 
because Poseidon is a fi xed-price 
program. The company didn ' t use 
its own data compression or adap­
tive telemetry gear simply because 
it cost too much. 

Blackou t is a very difficu lt prob­
lem, says Franks. Lockheed has 
spent a lot of money on blackout 
studies , but it reports it hasn ' t run 
enough tests to say whether water 
injec tion forward of the antennas 
to cause elec tron recombination in 
the plasma solves the difficulty. 

Lockheed hopes to solve some 
communica tion problems by u sing 
a dual-polarization antenn a sys­
tem it has developed for Poseidon. 
By spotting four S-band antennas 
equally arou nd th e circumference 
of the missile, it will provide an 
omnidirectional pattern in all at­
titudes even when the bird is 
tumbling. This techniqu e will also 
permit downrange data gathering 
from as far away as 950 miles. Two 
of the four antenn as will furni sh 
left and circular polarization while 
the other two will circular polarize 
the signal to the right. 

The first tes t Poseidons will 
carry two of the four-an tenna sys­
tems as well as two. antennas in 
the reentry vehicle. In an attempt 
to minimize the effects of the black­
out, Lockheed has decided to go to 
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an endless loop tape recorder that 
stores data during the blackout 
period and plays it back after­
wards. It will al so store data dur­
ing the underwater portions of the 
Ri ght. 

On-the-job training 

Computer tutors are nothing new, 
but until now they have been kept 
in the classroom. The Air Force, 
however, is trying something dif­
ferent: working with the System 
Development Corp., it has plugged 
a computer-assisted instruction 
unit into an operational air defense 
sys tem. The aim is to train mili­
tary personnel in the operation of 
the complex system while they are 
on the job. 

The computer-assisted in struc­
tion equipment is being tes ted in 
the Air Force's back-up intercep­
tor control (Buie) system. Buie 
would take over the direction of 
fi ghter interceptors and antiair­
craft miss iles if the semiauto­
matic ground environment (Sage) 
sys tem were to be knocked out dur­
ing a bomber attack on th e U.S. 
The computer tutor is being eval­
uated at the Mt. La~m1a, Calif., 
Buie 2 site near Costa Mesa. Stand­
ard Buie hardware consists of ra­
dars that feed into an AN I GSA-51 
comp11ter (Burroughs D-825), a 
cathode-ray tube display console, 
and a light pen. Software includes 
a Jovial program with about 80,-
000 instru ctions. Some 2,000 
changes in the Jovial program were 
required to give the sys tem the ca­
pability-something that System 
Development officials think the Air 
Force will ask for in the Buie 3 sys­
tem now being developed. 

Skill-sharpener. John W. Cullen, 
senior human factors scientist at 
Sys tems Development and one of 
the developers of the Buie training 
program, says th e sys tem is de­
signed to sharpen the skills of 
newly arrived operators at an op­
erational Buie site. 

Six consoles are tied into the 
Buie 2 computer. In a typical ar­
rangement, five of them would be 
devoted to the evaluation of air­
craft threats , and one would be 
used for instruction. The instruc­
tion would most probably relate di-

rectly to the student's military task, 
but it could also be in general edu­
cation-algebra, for example. 

Instead of getting actual inputs 
from Buie radars , the teaching con­
sole uses simulated inputs. The 
crt might show several aircraft 
tracks , and the students must 
identify with the light pen the 
bombers and the radar-jamming 
aircraft or ghosts. The operator­
sh1dent is schooled before he ar­
rives at his duty station, but the 
training will be his first encounter 
with operational equipment. The 
computer tutor capability thus re­
inforces the transfer of learning 
from his formal schooling to the 
operational environment. 

Report card. The computer tells 
him if he has correctly identified 
the ghost, analyzes any errors , and 
waits for the student to move to 
the next problem. Multiple-choice 
answers are presented on the crt, 
along with qu estions, and th stu­
dent indica tes his choice of an­
swers with the light pen. At the 
end of a given lesson, the student's 
score is displayed on the crt, and 
a permanent record is made for 
inclusion in his personnel file. 

Computers 

Multilingual 

The next major move toward an in­
formation utility will be th e creation 
of an experimental network of large 
time-shared computers, each as­
signed to specialized tasks. 

The plan to link incompatible 
machines goes a step beyond th e 
Multics (multiplexed informa tion 
and computing service) sys tem 
now being built to connect two 
General Electric Co. 645 computers, 
on e at Massachusetts In stitute of 
Technology, in Cambridge, and the 
other in Murray Hill, I.J., at Bell 
Telephone Laboratories. 

Preliminary standards for the 
new links will b e discussed next 
month at a meeting of computer 
speciali sts sponsored by the Deo 
fense Department's Advanced Re­
search Projects Agency (ARPA), the 
prime mover in the push toward 

Electronics I June 26, 1967 



The Tektronix Type 454 is an advanced new portable oscil­
loscope with DC-to-150 MHz bandwidth and 2.4-ns risetime 
performance specified at the probe tip . The new P6047 10X 
Attenuator Probes and the optional FET and current probes 
are designed to solve your measurement problems. 

The Type 454 has a dual-trace vertical, high-performance 
triggering, 5-ns/div delayed sweep and solid state design. You 
also can make 1 mV/div single-trace measurements and 5 
mV/div X-Y measurements. 

The dual-trace amplifiers provide the following capabilities 
with or without the P6047 probes: 

Deflection Factor* Risetime Bandwidth 

20 mV to 10 V/div 2.4 ns DC to 150 MHz 

10 mV/div 3.5 ns DC to 100 MHz 

5 mV/div 5.9 ns DC to 60 MHz 

* Front panel reading. With P6047 deflection factor is 10X panel reading, 

The Type 454 can trigger to above 150 MH z internally, and pro­
vides 5 ns/div sweep speed in either normal or delayed sweep 
operation. The calibrated sweep range is from 50 ns/div to 
5 s/div, extending to 5 ns/div with the X10 magnifier. Calibrated 
delay range is from 1 µs to 50 seconds. 

For further information , contact your nearby Tektronix field 
engineer, or write: Tektronix, Inc., P. 0. Box 500, Beaverton, 
Oregon 97005. 

Research and development 
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Two P6047 Miniature 10X Attenuator Probes are included 
with the Type 454. They have a 10 M\1 input resistance and 10.3 
pF input capacitance and provide DC-to-150 MHz bandwidth 
with 2.4-ns risetime performance when used with the Type 454. 

The Optional P6045 FET Probe features unity gain with 
10-MQ input resistance and 4-pF input capacitance. With the 
Type 454 it provides a system risetime of 2.7 ns and a band­
width of DC to 130 MHz from 20 mV/div to 10 V/di v without 
signal attenuation. Probe power is obtained from a jack on the 
front panel of the Type 454. 

The Optional P6020 Current Probe is easy to use with its 
clip-on feature and it provides up to 2.4-ns risetime and 150-
MHz bandwidth when used with the Type 454. 

Type 454/ P6020 Characteristics (454 at 20 mV/div) 

Deflection 
P6020 Factor Risetime Bandwidth 

1 mA/mV 20 mA/div 3 ns 8.5 kHz to 120 MHz 

10 mA/mV 200 mA/div 2.4 ns 935 Hz to 150 MHz 

Type 454 (complete with 2-P6047 and accessories) .•.•. , . $2550 
Rackmount Type R454 (complete with 2-P6047 and accessories) . $2635 
Type P6045 FET Probe (010-0204-00) . . . . . • . • . $ 275 
Type P6020 with Passive Termination (015-0066-00) • , , • , •• $ 135 

U. S. Sales Prices FOB Beave rton, Orego n 

.•. part of the T ektronix commitment 

to progress in the measurement sciences 

Circle 51 on reader service card 51 
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n etworking. Lawrence G. Roberts , 
assistant to the director of informa­
tion processing at ARPA, told the 
Interna tional Communications Con­
ference earlier this month that the 
ne twork will eventually involve 
about 1,500 remote consoles ti ed to 
35 machines at 16 loca tion s across 
the country, principally at univer­
sities and research in stitutions 
doing advanced computer work 
under ARPA sponsorship. Repre­
senta tives of th ese organization s 
were urged a t a vVashington meet­
ing las t month to start tackling an­
ticipated technical problems. 

The benefits. ARPA official s see 
two principal advantages in con­
necting machines of different de­
signs and capabilities into a load­
sharing network. The user '"'ill have 
o n-line access to programs at re­
mote cen ters, and th e network will 
b e able to concentrate on spe­
c ialized hardware and software for 
the benefit of all users. Th e user 
n eed not even know wh ere th e 
work was done. 

Behind ARPA's push fo r network­
ing is the Government's drive for 
fruitful allocation of computer re­
sources within the Defense Depart­
ment. Also, the programing of 
today's large sys tems has turned 
out in many cases to be a gigantic 
and cos tly task. Once a sys tem in 
the network is programed for a 
specific task, it can then play a 
specialist rol e for all users , elim­
inating the need for duplica te 
programing efforts. 

The Pen tagon sees specific bene­
fits in the military areas of com­
mand and control , intelligence, 
logistics , and record-keepin g. A 
ne twork of speciali st computers 
linked by data lines is exected to 
cu t the complexity of its house­
keeping fun ctions and the cos t per 
computation . 

Machine talk. One of the main 
problems facing planners concerns 
the method of communication b e­
tween computers speaking different 
languages. A proposal by W esley 
Clark of vVashington University, 
St. Louis , would interpose 'a small 
general-purpose computer b etween 
the communications line and the 
main computer. Others say this 
fun ction could be performed by 
programs within the computer it-
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self, with th e aid of data modems 
(modu lators-demodulators). 

Preliminary decisions on com­
munications channels, transmission 
modes, and requirements for auto­
matic dialing units will be di s­
cussed at the July meeting. 

A 4-kilohertz, four-wire dial-up 
sys tem wi~' - 1,200-bit-per-second 
asynchron t · Jdems is employed 
in an experime11tal link now operat­
ing under ARPA sponsorship. It con­
nects the Tx-2 computer at :Mn's 
Lin coln Laboratory in Lexington, 
Mass. , with an FSQ-32 at the Sys­
tem Development Corp. of San ta 
Monica, Calif. 

Advanced technology 

Now hear this 
Gettin g zip-coded packages in the 
right mai l sack at the post offi ce 
and doing outside repair work on 
an orbiting spacecraft have at least 
two things in common : they're both 
jobs requiring four hands and 
they're both about to be simplified 
by electronic speech-recognition 
equipment. 

Package processing is currently 
done by teams of two clerks-one 
yellin g out th e zip numbers and 
the other shoving the packages 
down the appropriate chutes. An 
astronaut maneuvering outside his 
craft can work only in spurts be­
cause lie has to use both hands 
when he operates his backpack con­
trols. With speech-recognition gear, 
the postal worker will be able to 
tell a machine where to move a 
package, and the as tronaut will 
verbally direct his backpack ma­
neuvering unit. 

Present equipment can ' t recog­
nize all conversational speech , but 
small systems are being developed 
to handle limited vocabulary tasks 
like these. The Radio Corp. of 
America's Defense Electronic Prod­
ucts division in Camden, N. J. , is 
putting together the first evaluation 
model of a numeric speech transla­
tion system for the Post Office. It 
also reportedly is about to get an 
Air Force contract from ' i\Tright-

Patterson Air F orce Base in Ohio 
to develop a prototype voice con­
troller for space job s. 

Taking the count. The Post Of­
fi ce equipment is being developed 
under a $250,000 contract awarded 
last year, and vvill be delivered in 
about a year. If it passes a two­
month evaluation , RCA will build 
an engineering model. The system 
recognizes 11 words-" one" through 
" nine," "zero," and "oh." Thi s lim­
ited vocabulary doesn't varv by 
just one phoneme (the smalles t unit 
of speech tha t distinguishes one ut­
terance from another ), but by sev­
eral. This means that the svstem 
only needs to recognize "sev" for 
seven, for example. In a recen t lab­
oratory tes t with seven speakers, 
the unit made no mistakes. 

One problem is the background 
noise a t post office package-sorting 
areas-as high as 80 decibels. RcA 
expects to get around this by hav­
ing postal workers use noise-cancel­
ing microphones. 

A postal clerk wi ll read out the 
zip code in what RCA calls a "normal 
telephon e manner," and will then 
push the package past a photocell. 
The machine takes over from there 
and opens a trap door when the 
package is over the chute indicated 
b y the spoken numbers . 

Space commands. The voice con­
troll er being developed for an as­
tronaut maneuvering unit will rec­
ogn ize 13 instru ction s or words. 
The triggering word, "command," 
will be followed by such words , as 
"right," "left," "up," and " do,.vn." 
Th e controller will provide the sil!:­
nal to turn the backpack's thrust­
ers on and off , freeing the ash·o­
naut's hands . The entire controller 
will fit in a package measuring 100 
cubic inches. 

The design of both these units 
is based on an RCA technique called 
analog-threshold logic. The com­
pany has had a research group 
working on the first step in 
this fi eld-acoustic analyzers-since 
1959. Th e ultimate goal of work in 
this area is a machine that could 
recognize continuous conversation 
from a very large number of speak­
ers under conditions of poor signal­
to-noise ratio, restricted bandwidth, 
and very poor enunciation. 

In ordinary conversation, the final 
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NEW ERIE Low Pass FILTERS 

... LESS THAN Y,a The Volume 
OF CON\flENTIONAL FILTERS 

ERIE'S NEW FILTER TECHNOLOGY PERMITS DRASTIC REDUCTION IN SIZE 

Now, from Erie's Project " ACTIVE" (Advanced Components Th rough Increased 
Volum etric Efficiency) comes a new l ine of subminiature high pass, low pass and band 
rejection L, 1r and T Sect ion Fi lters. 

Volume reduct ion of these high rel iability filters ranges to 13 times small er 
than conventional filters of equal capabil ity. Weight is correspondingly reduced, thus 
providing ideal RFI (electromagnetic interference) Filtering for equ ipment in 
aerospace, military and commercial market s. 

Erie's new filter technology permits insertion loss ra tios of 67 DB @ .25A @ 150 KC 
••. volumetric efficiencies wh ich were never before possible. 

In addit ion to the standard l ine filters described at right, Erie offers a full l ine 
of compact Bypass Capacitor Systems for transmitting tubes. Also, if you have particular 
electromagnet ic interference problems not covered by standard Erie f ilters, 
we will be happy to custom design a filter connector package to suit you r application. 

Write TODAY for Bullet in 9000 and the name of your nearby Erie Field Sales Engineer. 

0 ) 

Erie's Project " ACTIVE" 

AIR FLOW SOCKET SYSTEM AND 
SCREEN GRID BYPASS CAPACITORS 
Erie now provides effect ive and rel iable capacitive 
bypassing and coupl ing or filtering of all 
RFI signals in the range of 10 to 3,000 megacycles 
and beyond. Screen grid values from 1000 pf. 
to 10,000 pf. at 1000 WVDC. Variety of systems 
to meet your design requi rements. 
Write for Bullet in 9800. 

Advanced Components Through lncreasetl Volumetric Efficiency 

Actua l Size 

100 Volts DC line Fil t er; For 
L; 1r and T Circuits; lnse r· 
ti on Loss . . . 67 DB at 150KC 
DC Current Ratings to 8.0 
Amp. l/4-28 Thd. mounts in 
chassis. 

115 Volts AC @ 60 cycles; 
Insertion Loss . 12 DB <!!) 
150 KC and 60 DB (a, JO Mc.; 
1k 28 Thd. mounts in chassis, 

SUBMINIATURE 
STRIPELINE FILTERS 

HERMETICALLY SEALED 
AIR DIELECTRIC STRIPLINE 
FILTER AND DIODE HOLDER 
Two components in one for 
"Tr circuits . .. l. Precision 
capacitor values for selec­
tive bias ... 2. Signal line 
filter network. Isolation 
shaped as required. 

""'----~~ 

Ribbon leads; 50 DB (u l Ge. 
Excellent VSWR. Effective 
filtering beyond 4 Ge. 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC . 

Erie, Pennsylvan ia 
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phoneme is lost and sounds are 
constantly being eliminated, added, 
combined, or substituted for one 
another. To extract meaning from 
this stream of interfering sounds, 
the recognition units have networks 
organized on three processing lev­
els ; each level abstracts different 
information on the sounds, and each 
functions best under different sig­
nal-to-noise and restricted band­
width conditions. 

The specialized analog equip­
ment performs parallel processing; 
what it does couldn't be done on 
any digital computer today, accord­
ing to RCA. The first stage is a filter 
bank of 19 units, modeled after 
the inner ear, for preprocessing of 
the voice input. In the next stage, 
full-wave rectifiers function as the 
three-level feature-abstraction net­
works. The final stage is a log net­
work to make the decisions. 

In one potential application of 
sophisticated equipment, a com­
puter user would verbally instruct 
the machine over a telephone. "Al­
though it's the subject of some con­
troversy, I think we'll he able to do 
it," says Thomas B. Martin, an RCA 

project engineer. 

Manufacturing 

On the beam 
Small millimeter wave klystrons 
used to be a big production prob­
lem at Varian Associates of Can­
ada, with yields no better than 
20% . Now the company is usin g 
a laser welder that, it claims, boosts 
yields to better than 95% . 

Accordin g to Maurice Viant, de­
velopment manager at the George­
town, Ont., firm , a subsidiary of 
Varian As sociates, the problems 
centered on the diffi culty of making 
welds between refractory metals. 
Compounding th e difficulty was the 
small size of the compon ents being 
bonded and the limited space for 
the welding electrodes. The klys­
trons are built to generate energy 
at frequencies as high as 220 
gigahe_rtz, and components and 
tolerances for tubes like these are 
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Light welder. A stainless steel jig aligns 
components for a miniature klystron as 
a laser beam bonds the parts. The glass 
bell jar holds argon, which prevents 
oxidat ion of the components during 
the welding operation. 

very small indeed, says Viant. 
Hot tip. The small tubes' high­

temperature cathodes required 
mounts made of metals such as 
molybdenum, tantalum, and titan­
ium. The high melting points of 
these metals made them nearly im­
possible to bond using resistance 
welding techniques. Even when 
bonding was accomplished, the 
copper welding electrode melted, 
leaving a coating of copper on the 
weld. When the tube was turned 
on, temperature rose and the cop­
per often evaporated and th en con­
densed on the tuning mechanism, 
cutting output power, or on the 
cathode, contaminating it. 

Even when condensation 'vvas no 
problem, the tube was still apt to 
fail shock or vibration tests as its 
brittle welds came apart. 

"With the welder, a pulsed-ruby 
laser built by the Union Carbide 
Corp.'s Linde division, very high 
temperatures, sufficient to bond 
refractory metals solidly and easily, 
are generated in small areas. Since 
there is no electrode material left 
on the weld, there is no copper 
contamination to cause failures. 
The tubes no longer have to be' 
designed to leave room for wel<ling 
electrodes. 

As a bonus, Varian engin eers 
found that they could tack weld 

tube parts together prior to braz­
ing. Cheap multiple-tack welds 
now replace as many as 20 stain­
less steel jigs, costing $30 each, 
that held the parts together during 
brazing. 

Avionics 

Automatic rr.ap 
At a forward air control post in a 
battle area, the weapons controller 
has a radar view of his area on a 
plan position indicator ( PP1 ). H e 
also has a map, showing perhaps 
a coastline and other natural land­
marks. But he needs a composite 
display-the landmarks superim­
posed on the radar video-that 
would eliminate the necessity of 
manually plotting mission control 
points on the radar display. 

To develop and build 28 tactical 
video mappers that superimpose 
geographical points on the PPI, the 
Air Force Electronic Systems Divi­
sion has awarded an $882,500 con­
tract to Reeves Instrument Co., 
Garden City, N.Y. First delivery is 
scheduled for March 1968. The 
project is part of the 407L tactical 
air control system. 

Aside from providing a conven­
ient view of a battle area, the sys­
tem would eliminate the many 
chan ces of error when target loca­
tions are plotted on the PPI with a 
grease pencil. When a pencil is 
used, a point is first plotted on an 
operational map. With an overlay 
of lines drawn to the control site, 
the point is converted to range and 
azimuth from the radar, and is 
then drawn on the PPI safety glass, 
where it is subject to furth er error 
b etween the glass and the face of 
the cathode tube. If the weapons 
controller wishes to change the dis­
play, the point has to be plotted 
again. If he off-centers the PPI or 
expands it for close, more accurate, 
control work, plotting can only be 
an approximation. 

When these errors are added to 
the accuracy limitations imposed by 
the range and azimuth limitations 
of radar, the resulting position may 
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There's more 
thanoneway 
to squeeze 
everything in. 

Let's just say some ways are better than others. 
Maybe you could squeeze in some of those con­

ventional parts, but would you be happy with 
what you had when you got through? 

Of course, if weight and reliability are no problem 
-to you, you may very well find cheaper diodes than 
ours that'll get by. 

But if you really need miniature components 
that have high power and tremendous surge 
capacity, our parts can be a life-saver. 

You see, we developed the U nitrode for applica­
tions that would require very small components 
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lasting almost forever with no change in electrical 
parameters. Now forever is a long time, but that's 
what we mean. 

And developed is the right word, too. From the 
ground up. With entirely new design. With en­
tirely new methods of construction. The metal­
lurgical bond that joins the silicon between the 
two terminal pins is stronger than the silicon itself, 
so the silicon will break before the bond does. 
The entire unit is fused in hard glass at over 800°C. 
It's voidless, so all contaminants are excluded. 

That's why every Unitrode can handle as much 
energy in avalanche as in the forward direction. 
And that's why the machine has yet to be built 
that can fail our diodes in acceleration, vibration, 
and shock tests. 

Because the pins are bonded over the full face 
of the silicon die, heat due to surge is carried away 
quickly from the silicon into the terminal pins. So 
even the smallest Unitrode diode can withstand a 
one microsecond surge of 600 amps. The largest, 
which isn't much larger at that, can take 4000. 

To top it off, you can apply full PIV to a Uni­
trode at high temperature, for weeks at a time, 
and you won't even budge it. 

So if you're looking for someone to play a smaller 
part in your plans, try us. You might get a lot of 
comfort from knowing our diodes not only fit in 
where you're squeezed, but will never fail you. 

Can we send you samples and more complete 
information? We're at 580 Pleasant St., Water­
town, Mass. 02172. Telephone: (617) 926-0404. 
TWX (710) 327-1296. Try us. 

WNITRDDE® 
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Two in one. The plan position indicator with a map 
of landmarks superimposed in color. Manual 
plotting with a grease pencil is eliminated . 

be several miles off target. 
The competition. Reeves won the 

contract in a competition with the 
W estinghouse Electric Corp., which 
several years ago developed a sim­
ilar device called the Tac-Map but 
never sold one. 

For security reasons , Reeves 
won't disclose design plans. In this 
type unit, however, displays are 
usually produced by direct manual 
tracing of the desired geog-raphic 
features from operational maps 
onto translucent or transparent ace­
tate overlays. The overlay is then 
scanned by a vidicon, providing a 
scaled image on the connected PPr's. 

Relatively permanent informa­
tion such as principal graphic fea­
tures, national boundaries, fixed 
navigational aids, and airfields can 
b e traced directly on a transparent 
overlay, which would be available 
in a permanent map position for 
continuous viewing. 

Changing information-such as 
the plotted coordinates of a specific 
target, the location of a forward air 
controller, a drop zone, a tem­
porary navigation aid, mission con­
trol points , or gun positions-can 
be drawn on a separate sheet. 

The Air Force requires that the 
video mapper be capable of trans­
mitting tactical information to a 
PPI for display during a changing 
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tactical situation with only mo­
mentary interruption of the mapper 
operation. 

The equipment will enable use 
of navigational charts, which span 
200 nautical miles; Air Force pilot 
charts , 100 nautical miles ; and ap­
proach charts , 50 nautical miles . 

Replaceable modules and built­
in test equipment will be used in 
the mapper. Gross weight will be 
under 200 pounds . The output sig­
nal will be capable of driving 
eight ppr's. 

For the record 

Quick look. Two phosphors hav­
ing a I-nanosecond response time­
a thousand times faster rhan those 
now available-have been devel­
oped by physicist 'Willi Lehman of 
Westinghouse Electric. One is 
made by doping cadmium sulfide 
with indium, the other by doping 
zinc oxide with gallium. But there's 
a drawback: the new phosphors 
lose from 90% to 99% of the bright­
ness of conventional phosphors. 

Psst. Successful demonstration of 
the whispering-gallery effect in the 
ionosphere points the way to a pos-

sible new technique for global com­
munications beyond line-of-sight 
paths . Newly analyzed data from 
an exiJeriment last November, says 
the Air Force, shows that extremely 
strong signals were transmitted be­
tween two satellites on opposite 
sides of the earth . The theorv is 
that the ionosphere is like a ~his­
pering gallery in which sound 
waves travel along a curved area 
with little loss of volume. Some 
communications specialists specu­
late that sound leakage from the 
ionospheric layers could be tapped 
by high-altitude military aircraft 
for round-the-world communica­
tion. 

Getting big. Interest in micro­
wave integrated circuits is growin g. 
In addition to Texas Instruments 
and Sylvania, such semiconductor 
firms as Fairchild, Motorola, and 
Philco-Ford are trying to develop 
re's for X-band applications. Tr ex­
pects the microwave semiconductor 
market to soar to $300 million an­
nually by 1970 from the present 
level of $25 million; in the June 12 
issue of Elec tronics, the $25 million 
forecast for 1970 was given as an­
nual, rather than a monthly, figure. 

Fax facts. A facsimile reproduc­
tion system for the home in which 
the signals vvotild b e carried along 
with regular television broadcas ts 
has been developed hy RCA. The 
company has asked FCC permis­
sion to condu ct tests after normal 
broadcas ting hours on th e New 
York transmitter of NBC. Adding 
information to standard tv, with­
out affecting the broadcast, is noth­
ing new. The Japanese have tes ted 
a system [Electronics, Nov. 2, 1964, 
p. 120) and so have the Ru ssians 
[Electronics , March 20, p. 243]. 

Ready for sale. DuPont, which 
last month announced that it was 
fi eld tes ting a new ohromium di­
oxide magnetic tape, now says it 
will go on sale within a month . 
Manufacturing facilities have been 
set up a t Newport, Del. The new 
t ape, called Crolyn, will cost 25% 
to 50% more than the conventional 
kind, but it can record twice as 
much per inch . Some producers of 
computer and home video tape 
equipment have told DuPont that 
they are already modifying equip­
ment for the new tape. 
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Readouts clear up problems. 

Polaroid circular polarizers clear up readouts. 

It's never a problem to read read­
outs if they're equipped with Polaroid 
circular polarizers. Our polarizers im­
prove readability from every angle by 
increasing contrast. In daylight. Or 
even in brightly lighted rooms. 

Polaroid® 

But now you don't have to take 
our word for it. Send for our new bro­
chure, and we'll include 3 samples of 
our circular polarizers (amber, neutral, 
and green). They'll help you see very 
clearly why many major display and 

instrument manufacturers are now 
using Polaroid circular polarizers. 

Write Polaroid Corporation, Po· 
larizer Sales, Department 59, Cam· 
bridge, Massachusetts 02139. 
Polaroid Circular Polarizers. 



DIVISIONS OF 
SPERRY RAND 
CORPORATION 

SPERRY RAND CORPORATION has brought its 

extensive technical resources to bear on the 

problem of side-looking radar for the RF-111A. 

Under contract to Westinghouse Aerospace 

Group, Baltimore, Maryland, Sperry is providing 

a complete microwave source, consisting of a 

klystron oscillator, a stalo cavity and a carefully 

matched power supply. All these are housed in a 

single 2V2 " x 3" x 11" package weighing only 

six pounds. The unit serves as the radar's local 

oscillator. 

Why Sperry? Because the low-noise, high­

environment specifications for RF-111 A gener­

ated several difficult interfacing problems among 

tube, stalo, and power supply. Westinghouse 

engineers elected to buy the entire source as a 

unit, allowing Sperry to solve the interface prob­

lems with techniques available from the "Store­

house of Knowledge." It was a decision which 

produced an optimum source package, while 

freeing Westinghouse people to handle the larg­

er, more complex aspects of system integration. 

Are there tube/power supply interfaces that 

annoy and distract you ? Why not let Sperry 

handle them? Contact your Cain & Co. man, 

or write Sperry Electronic Tube Div ision , Gaines­

vi lle, Florida 32601 . 

SPERRY MICROWAVE ELECTRONICS AND 
SPERRY ELECTRONIC TUBE DIVISIONS 
Sperry Rand Corporation 

Clearwater and Gainesville, Florida 

Why RF-111A taps 
Sperry's Storehouse of Knowledge. 
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Comsat to get 

domestic role ... 

. . . and is studying 

millimeter waves 

for growing room 

Air Force dials 

a wrong number 

inTRC-124 

Webb's biggest test: 

saving NASA funds 

Navy's A-6A slated 

for avionics changes 
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The Communications Satellite Corp. will put up a domestic communi­
cations satellite. An FCC ruling expected in about a month will give 
Comsat-which already has a U.S. monopoly in international satellite 
communications-the go-ahead to develop a pilot domestic system. For 
the time being, the FCC action will rule out separate domestic satellite 
television systems. Under the plan the FCC is expected to approve, 
Comsat will put up the satellite, which will include some educational 
tv capability, in conjunction with domestic communications companies. 
The ticklish question of who will own the system will be decided later . 

Commercial satellite communications may be boosted to millimeter 
wavelengths to get away from crowded and shared frequencies. Wilbur 
Pritchard, recently appointed director of Comsat' s new laboratories, is 
confident the answer is in the higher frequencies and has put his small 
but growing staff to work on research in the millimeter-wave area. 
Pritchard predicts "spacecraft suitable" millimeter-wave equipment in 
three to four years. 

A tight schedule coupled with tough technical requirements caused the 
Air Force's crash program for an automatic, intrabase radiotelephone 
system to fizzle. A $422,000 contract with Sylvania Electronics Systems 
has been cancelled "at the convenience of the Government" after the 
AN/ TRC-124 program ran into several problems. 

The problems were said to have stemmed from the Air Force's de­
mand that the first production model be delivered within 14 months, 
even though research and development was necessary. Radio-frequency­
interference problems were called insurmountable in the short time 
provided. But the Air Force would neither relax specifications nor extend 
the schedule. The automatic switching system was being designed to 
handle up to 14 simultaneous radiotelephone conversations with up to 
200 addresses. Some companies refused to bid on the work because of 
the short lead time. 

The hard-driving, fast-talking boss of NASA, James E. Webb, has built 
a reputation for being able to get money from Congress. That reputation 
is being put to the test this year and Webb may have to push harder and 
talk faster than ever. For the first time, he may need promised support 
from the White House in dealing with a Congress wavering because of 
the Apollo accident and heavy Vietnam spending. 

It will be another few weeks before Webb finds out if he has kept his 
record intact, but capital observers are now betting that he'll wind up 
with a cut of $200 million to $250 million in his $5.2 billion fiscal 1968 
budget proposals. This would be something of a victory in view of recent 
Congressional clamor to pare $300 million to $400 million of projects to 
be started under the Apollo Applications program. 

There will be avionics changes in new models of the Navy's all-weather 
attack craft, the Grumman A-6A Intruder. In recent Congressional 
testimony on the plane's performance in Vietnam, Litton's central 
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Awads system 

for blind airdrops 

gets off ground 

Airlines spell out 

CAS standards 

Big Omega order 

is due this week; 

more are in offing 

Civil defense net 

to get radio backup 
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Washington Newsletter 

weapons system computer was described as the '1east maintainable" of 
the avionics subsystems. IBM's 4-pi computer appears likely to replace 
it in the new models. 

Another A-6A avionics subsystem with maintenance problems has been 
the search and track radar supplied by Norden. However, Norden is the 
odds-on favorite for the radar in the improved version. 

After a two-year delay, the Air Force is finally getting enough funding 
to go ahead with its All Weather Aerial Delivery System (Awads) for 
the C-130 transport. Before the end of July, companies will be asked 
to submit proposals for equipping several hundred planes. The total 
package contract will include stationkeeping equipment, multimode 
radars, and computers. The winner will have only two years to retrofit 
a squadron of C-130's. The price may hit $300 million over three years. 

The self-contained Awads will permit precision airdrops of men and 
material even in zero visibility-something that can't be done today. 
C-5 transports now being built will be equipped with Awads gear, with 
Lockheed acting as integrator. 

The Air Transport Association-speaking for the nation's airlines­
is expected this week to spell out the specifications it wants in a collision­
avoidance system (CAS). The technical data package on a standard 
cooperative system, coming after 12 years of study, will be turned over 
to manufacturers. Some four or five companies are expected to build 
flyable prototypes. Evaluation may start in late 1969. The FAA will also 
use the airlines' CAS standard to make computer simulations to determine 
how such a system would fit in with its air traffic control system. 

Airlines estimate the cost of a collision-avoidance system at $30,000 
to $50,000 per aircraft. The supersonic transport is expected to be 
equipped with CAS, and aircraft already in service will eventually be 
retrofitted, ATA officials predict. 

The first large order for Omega very-low-frequency navigation receivers 
will be awarded by the Navy this week. The company selected to build 
the first 140 shipboard sets is expected to gain an edge on competitors 
for business that eventually could come close to a billion dollars. [Elec­
tronics, March 20, p. 50]. In the running for the estimated $10 million 
contract: Decca, ITT, Northrop, Pickard & Burns, Ryan, and Tracor. 
Navy officials, who had expected to get Defense Department approval 
in April to expand Omega into a worldwide system, now don't look for an 
okay until sometime this summer. When it comes, the Navy will spend 
$50 million to double the number of its 10.2-to-13.6-kilohertz transmitters 
to eight and to upgrade the four stations now on the air. 

The Government will build 10 low-frequency transmitters across the U.S. 
as a backup for cables now used as links in the civil defense warning 
network. The first three stations will be started this year in the Northeast, 
using $1.14 million from the Army's fiscal 1968 budget. Federal civil 
defense officials are hoping that manufacturers will come up with a 
reliable 190-kilohertz receiver priced at less than $100. At least 1,000-
perhaps many more-will be needed. 

Electronics I June 26, 1967 



By solving an"unsolvable'' 
cleaning problem, Freon® helped 
perfect Hamilton's 
electric watch. 

Those specks under the magnifying 
glass are gold alloys. Each one acts as 
a contact that transmits power from a 
tiny battery to the timekeeping mech­
anism of the Hamilton electric watch 
•.. which now ranks with the best of 
critical timepieces. 

Unless these contacts, located in 
extremely tight assemblies, are com­
pletely free of soils and stains, how­
ever, the watch will malfunction. Or not 
function at all. And this was precisely 
the problem that confronted Hamilton 
engineers during the watch 's develop­
ment in Lancaster, Pa. They simply 
could not get the contacts clean 
enough . Even the cleaning agents they 
used left trouble-making stains. 
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T.he problem wasn't solved until 
FREON*, with its unique properties, 
was introduced into the cleaning oper­
ation. FREON has low surface tension, 
which allows it to penetrate the tight­
est assembly. At the same time, FREON 
has high density. This permits the 
quick release of all stains left by 
trapped cleaners. And because it va­
porizes at a little above room tempera­
ture, FREON dries rapidly, leaving no 
sta ins of its own. 

Hamilton uses FREON to clean parts 
ranging from Yi.6 of an inch (the con­
tacts) up to % of an inch .. .. including 
1/a-inch, intricately designed toothed 
wheels. As many as 3 ,000 parts are 
cleaned in an ultrasonic tank simulta­
neously. So successful was Hamilton 's 
exper ience with FREON that the com­
pany now uses it in its military area. 

For instance, FREON is used in a de­
greaser to remove soils from a gravity­
triggered release installed in para­
chute flares . 

Do you have a tough cleaning prob-
1 em that FREON can solve? Write 
Du Pont, Room 144A, Wilmington, Del. 
19898. (In Europe, write Du Pont de 
Nemours International S.A., FREON 
Products Div. , 81 route de l 'Aire, 
CH 1211 Geneva 24, Switzerland.) 

•ou Pont registered trademark for its.fl uorocarbon cleaning agent. 

FREON® 
solvents 

~ 
•1•.u·'·'"'·Of'· 

BETTER THINGS FOR BETTER LI VIN G ... THROUGH CHEM ISTRY 
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State 
of the 

monolithic 
art 

Radiation's 8 x 5 Monolithic Diode' 
Matrices improve design of BCD 
·decode systems for cold cathode 
numeric display. Other integrated 
BCD decoders are limited to only 

DECODE 
MATRIX 

one weighted bi­
nary code. How­
ever, Radiation 
Matrices can be 
"customized" to 
any weighted bi­

··-···-J t='=='> narycodetodeci­
mal conversion. 
This design flex­

ibility is achieved through Radia­
tion's fusing technique for select­
ing desired coding patterns. 

The 8·4·2· 1 BCD decoder display, 
illustrated, is only one example of 
the many possible monolithic cir­
cuit displays which can be formed. 
The circuit requ ires only two Radia­
tion RM-17 8 x 5 Monolithic Diode 
Matrices. Data Storage is provided 
by two Radiation RD-1521 Dual 
Pulse Triggered Binary elements, 
while two high-voltage RD-1536 
Hex Indicator Drivers are used to 
drive the cold cathode numeric indi­
cator tube. Extremely high counting 
rates can be achieved, since frequen­
cy is limited only by the counters . 

For detailed information, refer 
to our ELECTRONIC DESIGN advertise­
ment of May 24. 

Our entire line of matrices con­
tains all active devices within a 
single chip. A fusible link in series 
with each diode permits unlimited 
matrix patterns to be formed. 

We'll be glad to send data sheets 
which include worst-case limits. 
Our design manual , Monolithic Di­
ode Matrix Technical Information 
and Applications, RDM-TOl / AOl, is 
also available. Write or call our Mel­
bourne, Florida office for your copy. 
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DESIGNER'S CHOICE 
LOGIC 

Signetics puts IC systems design decisions back in the hands of the systems designer. 

Some IC families put severe limits on the decisions the systems 
designer can make. He 's often held back by the speed , power, 
and noise immunity trade-offs built into the family by the IC man­
ufacturer. Now Signetics Designer's Choice Logic changes all 
that. Signetics DCL• Series 8000 includes high speed TTL cir­
cui ts, slower low power TTL circuits that offer high AC noise 
immunity, and low power DTL circuits that provide high DC 
noise margins. The series also includes large functional arrays 
for counting and storage applications. All elements in the 8000-
Series are specified compatibly. And we've got a 46-page data 

handbook - the most complete one of its kind ever offered - to 
guide you in using these flexible circuits. In designing with DCL'" 
you can optim ize your system performance without drawn-out 
calculations, expensive and time-consuming ground-plane de­
signs, or extensive use of outboard discrete components. The 
handbook provides special sections directed to systems, evalu­
ation and design engineers. Find out fast what can be done with 
our DCL"' series, and how to loosen constraints on your designs. 
Write Signetics for your DCL"' handbook: 811 East Arques, 
Sunnyvale, California 94086. 

SIGNETICS [51 
INTEGRATED 

CIRCUITS 
A SUBSIDIARY OF CORNING GLASS WORKS 

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992-3980; Upper New York State (3 15) 469-1072; Southwestern (214) 23 1-6344; Western Regional (213) 272-9421; Eastern Regional (617) 245-8200; Mid-Atlantic 
(609) 858-2864; Southeastern (813) 726-3734; Midwestern Regional (312) 259-8300; Northwestern (408) 738·27!0. 
DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 622-8860; Terminal Hudson Electronics (2 12) 243-5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968·3475; 
Hammond Electronics (305) 241 -6601. 
DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266. Com par Corporation at the following locations: Alabama (205) 539-8476; Ar izona (602) 947-4336; California (203) 245-11 72; California (415) 697-6244; 
Colorado (303) 781 -0912; Connecticut (203) 288-9276; Florida (305) 855-3964; Illinois (312) 775-5300; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313) 476-5758; Minnesota (612) 922-70!!; 
Missouri (314) 428-5313; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (716) 684-5731 ; New York (201 ) 47!·6090; North Carolina (919) 724-0750; 
Ohio (216) 333-41 20; Oh io (513) 878-2631 ; Texas (214) EM 3-1526; Texas (7!3) 649-5756; Washington (206) 725-7800. 
INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain-Sovcor Electronique, 11, Chemin de Ronde, le Vesinet, (S.·&·0.} France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland, 
Austria , Portugal-EJectrosil ltd .• lakeside Estate, Cotnbrook·By-Pass Slough, Buckinghamshire, Great Britain. Australia - Coming, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318. canada-Coming Glass Works of 
Canada, ltd., Leaside Plant, Ontario, Canada (416) 421 -150. lsrael-Optroni1, P.O. Box 195, Ra mat-Gan, Israel 724-437 .Japan- ASAHI Glass Co., ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda·ku, Tokyo, Japan. 
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You get all three 
in Philco's 9930 Series DTL. 
Philco's 9930 Series DTL: for military, commercial, and industrial 
applications. In E-line epoxy dual inline packages, ceramic flat packs, 
and ceramic dual inline packages. Broad range of circuit 
functions. Temperature ranges: mil itary and limited for ceramic flat 
pack and ceramic dual inline; 0 to 75°C for E-l ine. 

Philco's 9930 meets the highest performance and reliability standards. 
Order now. Immediate delivery in volume quantities. 

Call the sales ollices and representatives of Philco-Ford : Philco Sales Office, El Segundo , California (213) 772-6226 /Santa Clara, California (408) 245-2966 / 
Philco Corp. of Canada, Lid., Ontario, Canada (416) 44-2541 / Straube Associates . Boulder , Colorado (303) 443-8600 / J & J Associates , Hamden, Conn­
ecticut (203) 624-7800 / Philco Sales Office, Clearwater , Florida (813) 446-0124 / The John G. Twist Company , Chicago, Illinois (312) 777-2250 / A. 0 . 
Whitese ll & Associates , Indianapolis. Indiana (317) 359-5374 /Fort Wayne , Indiana (219) 743-4411 /A. 0 . Whitesell & Associates , Louisville, Kentucky 
(502) 893-7303 /Philco Sales Office , Burlington , Massachusetts (617) 272-1600 /A. 0. Whitesell & Associates , Detroit , Michigan (313) 862-2225 /Benton 
Harbor, Michigan (616) 927-2041 /Technical Assoc iates . Inc ., Minneapolis , Minnesota (612) 929-6721 /Technical Marketing Associates , SI . Louis , Mis­
souri (314) 427-3600 / Kansas City , Missouri (816) 523-7865 / Philco Sales Office , Ardsley , New York (914) 693-3700 / Graydon-Sherman Inc., Fayette­
ville , New York (315) 637-9611 /A. 0 . Whitesell & Associates , Cleveland , Ohio (216) 333-2585 /Dayton, Ohio (513) 298-9546 /Cincinnati , Ohio (513) 521-2290 
Philco Sales Office , Blue Bell , Pennsylvania (215) 643-2280 / Philadelphia line , Pennsylvania (215) 242-6420 / A. 0 . Whitesell & Associates, Pittsburgh, 
Pennsylvania (412) 242-0100 /Dunbar Associates , Inc., Dallas , Texas (214) 363-2536 /Philco Sales Office, Bellevue, Washington (206) 454-5061 /Philco 
Sales Office, Washington , D.C. (202) 298-7810. 

I I. 
PHILCO-FORD CORPORATION 

~HILCQ . M icroelectronics D ivision 

_ .. Santa Clara, California • 95051 
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GOLD to TINTILLATE 

NOW at 
TEXAS 
Instruments 

66 Circle 66 on reader service card 

IMPROVED 
Reliability 
Dependability 
Productivity 
Quality Control 
Easy Inspection 

More competitive on 
millions of units per 
month including: 

transistors, 
diodes, 
integrated circuits, 
and flat packs, for 
commercial applications 

other KEN VERT® 
Tintillate Advantages 

Eliminates 
other tin 
tin nickel 
nickel 
silver 
gold 

Greater conductivity, 
excellent solderability, 
easily meets heat age 
specifications 

Trial parts plated in 
our laboratory at 
no charge. 

CONVERSION 
CHEMICAL 

CORPORATION 

2 10 East Main Street 
Rockville, Connecticut 06066 

Phone (203) 872-0541 
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You can tell 
Celanese Nylon 
from other 
nylons 
by the label. 

Not at all. Celanese Nylon is fully competitive. In 
quality. In physical properties. In molding 
characteristics. In meeting established specifica­
tions. Customers who have been using Celanese 
Nylon resin since the first of the year agree. 

And isn't it nice to have another completely de­
pendable source of type 6 / 6 nylon! 

Celanese Plasti cs Company- and the entire 
Celanese Corporation- is committed to volume 
production of the best poss ibl e nylon resins. We 
offer them in quantity right now. Inc luding glass­
reinforced Celanese Nylon grades. And a general­
purpose black resin . There will be even more in the 
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CELANESE 

NYLON 
.-m'I- -~-- ............... .. 
~ ....... ._. .. ~~ .......... . 
........... c-. ...................... . 
_.........,. ....... ...... a..-..... 

C ELAN ESE PLASTICS COMPANY 

DEER PARK, TE X AS 

near future. More resins. More advanced nylon 
technology. More molding and marketing 
assistance. 

But you'd expect that from Celanese , a leader in 
the development of engineering resins. Remember 
Cel con. And , of course, we do have some twenty­
five years of nylon technology behind us •. 

Let us give you all the facts about 
Celanese Nylon. Write to: Celanese 
Plasti cs Company, Dept. 133-F, P.O. 
Box 629, Linden, New Jersey 07036. CELANESE 

Celanese® Celcon® PLASTICS COMPAN V 

Cela nese Pl ast ic s C ompa ny is a d iv isi on o f Celanese Corpora t ion .. 
Canadian Affiliate: Canadian Chem ical Company1 a division of Chemcel l (1963), Lim ited. 
Export Sales: Amcel Co.1 Jnc., and Pan Amcel Co.1 Inc., 522 Fifth Ave., New York 10036. 
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Ever need plug-in power supplies in a. hurry? 
Send for our 1967 catalog. 

It lists 62,000 different types. 
The one you need will be shipped in 3 days. 
(We've never failed to make good on this promise) 
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HEWLETT-PACKARD 
MAGNETIC RECORDING 
SYSTEMS THRIVE ON 
ANYTHING YOU 
FEED THEM 

Hewlett-Packard 3900 Magnetic 
Recording Systems are ideal for 
everything from storage of simple 
physical phenomena to applica­
tions in complex telemetry ground 
stations. You cannot buy better 
record, storage and playback per­
formance for your money. 

Electronics I June 26, 1967 

Hewlett-Packard's advanced 
tape transport design delivers re­
liable, maintenance-free operation. 
Three-mode recording - FM, Di­
rect and Pulse - covers all your 
simple and complex data storage 
and playback needs. The HP 3900 
Systems include 7- or 14-channel 
recorders in low or intermediate 
bandwidths. Low bandwidth direct 
mode is 50 Hz to 100 kHz and FM 
mode is DC to 10 kHz. Interme­
diate bandwidth direct mode fre­
quency range is 50 Hz to 250 kHz 
and FM mode is DC to 20 kHz . 
Signal / noise ratio is 40 db or 
better and harmonic distortion is 
1 % typical 1 kHz per second at 60 
ips with 0.2 % peak-to-peak flutter. 
Six pushbutton-selected tape 
speeds range from l7 /s ips to 60 
ips. HP tape systems are com­
pletely !RIG compatible. 

Optional equipment includes: 
closed loop recording adapter, fre­
quency-compensating plug-ins for 
FM and Direct mode record/repro­
duce circuits, remote control, voice 
commentary channel amplifie111 in­
put signal coupler, portable cases 

and rack adapter. 

For complete informa­
tion on the 3900 Sys­
tems, their variations 
and optional equipment, 
contact your local HP 
Field Office or write 
Hewlett-Packard Co., 
175 Wyman Street. 
Waltham, Mass. 02154. 

HEWLETT [hjj'j .f.:~,£1£::.!!..f? 
• /or 11ci(nct: and H1du.:tl111 

P-450 
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nRE/Opttmlly U /in control 

clean-cut, 
sharp outputs all along the line! 

Clare Polar Relays eliminate d istor­
tion, deliver speeds to 180 baud ..• 
with signal unbalance of 2% or less . . . 
and no maintenance required over 
22 x 1 0 9 operations. 

You can specify Clare Mercury-Wetted 
Contact Polar Relays in compact pcb 
modules or round cans for wired 
assemblies ... or make unit-for-unit 
replacements for less advanced relays 
in your present system. Either way, you 
get minimal pulse distortion over bil ­
lions of operations, with maximum 
contact efficiency. You end mainte­
nance due to contact contamination or 
erosion, or mechanical wear. You cut 
component costs, too. 

More facts? Circle reader service num­
ber-or ask Clare for Bulletin 853 ... 
Write Group 6N8 . 

C. P. Clare & Co., Chicago, Illinois 60645 

• For direct replacement. •• wired assemblies .. • 
pcb design 

• Maximum 1 % pulse distortion initial, 2% over 
life (22 x 109 operations with no maintenance) 

• Low and constant contact resistance, com­
pletely independent of drive level 

• High contact efficiency ... 95% total dwell, 
compared with 85% in other polar relays 

• Withstands 1500 volt line surges 

• Lowest cost over longest l ife 

CLARE•MERCURY-WETTED CONTACT POLAR RELAYS 

70 

for digital data transmission, telegraph and teleprinter service, 

impulse repeater, polar signalling, polarity sensing 
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ost 
New Power Signal Source 
from AIL 
50 watts-200 to 3000 MHz 

---------------------------------·~ 

.. 
• 

$3950.00 

New AIL Type 125 Power Signal Source is the most versatile 
power signal source you can buy! You can use it for a wide 
variety of calibration laboratory tests, general purpose labo­
ratory measurements, incoming-inspection tests, and field and 
systems applications. 

H ere are the features that make the AIL type 125 Oscillator 
so versatile: 

• Frequency Coverage: Almost four octaves (0.2-3.0 GHz) 
covered in 3 bands. 

• Power Output: A million-to-one power range of microwatts 
to watts, with 50 watts minimum up to 1.0 GHz. 

• Stabili ty: Power output stabilities of the order of 1 % (0.05 db) 
per hour and frequency stabilities of 0.004% (40 PPM) per 
hour are characteristic of the instrument. 

• Modulation: Internal, 100% square-wave modulation, and 
provision for external A.M. and pulse modulation provide 
Type 125 users with modulation versatility. 

• Spectral Puri ty: Low harmonic and residual AM/FM distor­
tion complement the excellent stability of the Type 125 for 
use in many exacting measurements. 

See your nearby AIL Representative for complete information. 

Frequency Range 
Power Output 

Power Adjustment 
RF Attenuation Ronge 

f 
··~"~ ~ 

~-~"'""* l ""~• 

SPECIFICATIONS 
0.2 to 3.0 GHz 
SO walls min. up to 1.0 GHz, 
5 wolfs min. up to 3.0 GHz 

(Variable) 33 db min. 
IF Sample Output (Fixed) 30 db ± 3 db below RF output 
Tolol Power·Outpul Variation 

Available 60 db min. 
Stability 

Power Output 
Frequency 

RF 
Int. Mod. freq. 

Spectral Purity (CW) 
Residual AM 
Residual FM 
Harmonics (Minimum) 

Signol-to-leakage ratio 
Output Impedance 

Input Power 

± O.OS db /hr. 

± 40 ppm /hr. and ± 20 ppm /10 min. 
± 0.2S3 /hr. 

< 23 
< o.oos3 
> 40 db down from fundamental 
> 60 db 
SO ohms nominal. (Max. load SWR 1.S: 1, 
performance not seriously downgraded far 
load SWR's up to 3: 1) 
11 S /230 volts ± 103, 4.0 /2.0 amps, 
60 Hz (SO Hz available al slight extra cast) 

AIRBORNE INSTRUMENTS LABORATORY 
DEER PARK, LONG ISLAND, NEW YORK 
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The small pin hole in the center of this circle is more 
than enough light for MT/ Image Orthicon 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, at 1X10·5 foot candles of ambient light (approaching total darkness) MTI image Orthicon 
TV cameras will produce high resolution pictures. So the amount of light illustrated by the pin hole is more 
than enough. 

There are hundreds of applications for MTI low light level equipment. Here are just a few: viewing nocturnal 
animals performing tasks, microscopy, intensive care observation, data transmission, medical education, 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 .-i MARYLAND TELECOMMUNICATIONS, INC. 
York & Video Roads, Coaeysville, Maryland I Area code 301, 666 -2727 
WORLD'S LARGEST MANUFACTURER of low light level image Orthicon cameras 
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Tin-lead 

Diamond spiraled 
Metal Glaze element 

Ceramic substrate 

Plated-on copper end cap 

High-temperature 
soldered termination 

electroplated copper leads 

New low-cost Metal Glaze® resistors for MIL·R-22684 
4 times better load~life stability 
I RC 's new molded Metal Glaze resistors provide stability, 
reliability and precision unmatched anywhere for the price. 

Tested for over 15 million unit hours , they meet or exceed 
all MIL-R-22684 requirements . Load life stability , for in­
stance , is four times better than MIL al lowance. Typical 
6 R is 0.53 after 1000 hours , full load at 70°C. Even at 
higher temperatures, 6 R is still typically under MIL limits. 

The Metal Glaze resistance element is extremely rugged. 
It is 100 times thicker than conventional films and is imper­
vious to environmental extremes . The tough , uniform 
molded body resists solvents and the mechanical abuse of 
automatic machines. 

New IRC molded Metal Glaze resistors are immediately 
available in four forms of packaging to cut your production 
cost s. For complete data , prices and samples, write to : 
IRC, Inc., 401 N . Broad St., Philadelphia, Pa . 19108. 

Electronics I June 26, 1967 

CAPSULE SPECIFICATIONS 

~·-- ~ 
MI L-R-226848 RL07 RL 20 
WATTAGE Y4 w @70°C Y1 w (Ii 70°C 
RESISTANCE : 51 fl thru 15(),K fl 10!! to 470K n 
TOLERANCES : ± 23, ±53 ± 23, ±53 
TEMP ERATURE 

COEFFICIENT : ± 200ppm/°C max. ± 200ppm/°C max. 
VOLTAGE 250V max . 350V max . 
SI ZE . 250 " x .090 " dia. .375" x .138" dia . 
IRC TYPE RG07 RG20 
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small 

smaller 

smallest 

G.E.'s new wet slug 
tantalum capacitor gives you 
the performance of the CL64 

in only Y2 the case size 

74 

Get the highest volt-microfarad product 
per unit weight and volume of any ca­
pacitor you can buy with General Elec­
tric's new 69F900 wet slug tantalum ca­
pacitor. How? General Electric reduced 
the case size of the military type (CL64) 
wet slugs by 1/2 (it's even smaller when 
compared to sol ids) . Electrical charac­
teristics and performance remain es­
sentially the same. G.E.'s new 69F900 
answers the need for a commerical wet 
slug capacitor with the high volumetric 
efficiency demanded by modern high 
density applications. 

G.E.'s new addition to its complete 
line of tantalum wet slug capacitors 
has excellent high capacitance reten­
tion at low temperatures and can be 

~ATING 

50V, 30µf 

solid (CS12) 
wet slug (C°L64) 
69F900 

15V, 80µf 

solid (CS12) 
wet slug (Cl64) 
69F900 

6V, 180µf 

solid (CS12) 
wet slug (Cl64) 
69F900 

CASE SIZE 

.341 x .750 

.281 x .681 
.145 l .600 

. . 341 x .750 
.281 x .681 
.145 l .600 

.279 x .650 

.281 x .641 

.145 l .600 

VOLUME 

100% 
58% 
15% 

100% 
58% 
15% 

100% 
100% 
25% 

stored to -65°C. Its wide operating 
range is -55°C to +ss·c. And it meets 
the parameters of larger military wet 
slugs: vibration to 2000 Hz, 15g acceler­
ation! 

The new sub-miniature 69F900 capaci­
tor is fully insulated and has a low, 
stable leakage current. Voltage ratings 
are avai I able from 6-60 volts; capaci­
tance ranges from 3.3-450 microfarads. 

Choose from a complete line of G-E 
wet slug tantalum capacitors to fill your 
slim, trim circuit needs. Write for GEA-
8369 for detail s about the 69F900 and 
the other capacitors in General Elec­
tric's complete wet slug tantalum line, 
or ask your G-E sales engineer. Capaci­
tor Department, Irmo, South Carolina. 

ELECTRONIC COMPONENTS DIVISION 

GENERAL fl ELECTR !~ 
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Now-the broadest line of convection-cooled, 
all silicon, .015% regulated power supplies 
For test equipment and lab use 0-10,-20,-40;60,-120 VDC, from 0-.5amp to 0-66 amps 

Features and Data 
• Rack or bench use 

• Full five year guarantee 
on materials and labor 

• Convection Cooled 
• Remote Programing 

• Regulation-.015% or 
1 MV (Line or Load) 

• Temp. Coef • . 015%/ °C 

• Remote Sensing 

• Constant I./ Constant V. 
by automatic crossover 

• Series/Parallel Operation 

• No Voltage Spikes or 
Overshoot on " turn on" , 
"turn off" or power failure 

• Ripple-
LK models-500 µV RMS 
LH models-250 µV RM$, 

1 MV P-P 

• Completely Protected­
Short circuit proof­
Continuously adjustable 
Automatic current limiting • Meet MIL Environment Specs 

% Rack LH Series Y2 Rack LK Series-Lti Series 

3 Full-rack Models - Size 7" x 19" x 181/z" 

Voltage CURRENT RANGE AT AMBIENT OF:' 
Model' Price2 

Range 4o• c 5o• c 60•c 11 °c 

LK 360 FM 0-20VDC 0-66A 0-59A 0-50A 0-40A $995 

LK 361 FM 0-36VDC 0-48A 0-4 3A 0-36A 0-30A 950 

LK 362 FM 0-60VDC 0-25A 0-24A 0-2 2A 0-19A 995 

3 Full-rack Models - Size 5'!." x 19" x 161/z" 

Voltage CURRENT RANGE AT AMBIENT OF: 1 
Model' Price2 Range 4o• c 5o • c 60· c n · c 

LK 350 0-20VDC 0-35A 0-31 A 0-26A 0-20A $675 

LK 351 0-36VDC 0-25A 0-23A 0-20A 0-15A 640 

LK 352 0-60VDC 0-15 A 0-14A 0-12.5A 0-IOA 650 

5 Quarter-rack Models - Size 51/ 16 " x 4 1/16" x 151/z" 

Model' Voltage CURRENT RANGE AT AMBIENT OF: 1 
Price? Range 3o• c 5o • c 6Q• c 11 °c 

LH 118 0-lOVDC D-4 .0A 0-3 .5A 0-2.9A 0-2.3A $175 

LH 121 0-20VDC 0-2.4A 0-2.2A 0-1.BA O-l.5A 159 

LH 124 Q-<IOVDC O-l.3A 0-1.IA 0-0.9A 0-0.7A 154 

LH 127 o-60VDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A 184 

LH 130 0-120VDC 0-0.50A 0-0.40A 0-0.35A 0-0.25A 225 

r 
7" 

L o..J!!i--~~~-~ ,,,.,.. ...... ._ .......................... ..-~~~~~L,,., 

Full Rack 7" LK Series 

FQll Rack 5%" LK Series 

11 Half-rack Models - Size 51;,.". x 8 3/s" x 155/a" 

Voltage CURRENT RANGE AT AMBIENT OF: 1 

Model' Price 2 Range 4o• c 5o • c 6Q• C 11 °c 

LK i40 0-20VDC 0- 8.0A 0- 7.0A 0- 6.lA D-4 .9A $330 

LK 341 0-20VDC 0-13.5A 0-ll .OA 0-10.0A 0-7 .7A 385 

LK 342 0-36VDC 0- 5.2A 0- 5.0A 0- 4 .5A 0-3.7A 335 

LK 343 &-36VDC 0- 9.0A 0- 8 .5A 0- 7 .6A o-6.IA 395 

LK 3« o-60VDC 0- 4 .0A 0- 3 .5A 0- 3 .0A 0-2 .SA 340 

LK 345 0-60VDC 0- 6.0A 0- 5 .2A 0- 4 .SA D-4 .0A 395 

Voltage CURRENT RANGE AT AMBIENT OF: 1 
Model• Price' Range 3o• c 5o • c 6Q• c 7 1°C 

LH 119 0-IOVDC 0- 9.0A 0- 8 .0A 0- 6 .9A 0-5.BA $289 

LH 122 0-20VDC 0- 5.7A 0- 4 .7A 0- 4 .0A 0-3.3A 260 

LH 125 Q-<IOVDC 0- 3 .0A 0- 2.7A 0- 2.3A O-l.9A 269 

LH 128 o-60VDC 0- 2.4A 0- 2.lA 0- I.BA 0-1.SA 315 

LH 131 0-120VDC 0- l.2A 0- 0 .9A 0- 0 .8A CH> .6A 320 

1 Current rating applies over entire voltage range . 
2 Prices are for non -metered models (except for models LK360FM thru 
LK36 2FM which are not available without meters) . For metered models. 
add suffix (FM) and add $25 to price of LH models ; add $30 to price 
of LK models. 
J Overvoltage Protect ion: add suffix (OV) to model number and add 
$60 to the pr ice of LH models ; add $70 to price of half·rack LK models; 
add $90 to pr ice of 5'-4 " full ·rack LK models ; add $120 to price of 7" 
full -rack LK models . 
• Chass is Slides for full rack models : Add suffix (CS) to model number 
and add $60 to the price. 

A ce SUBSIDIARY 
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High Current Regulated Power Supply 
Adjustable Output ValtageJ 27-28 V . O .C. 
1% Regulation 
50-60 Cycle Operation 
Substantial Overload Capability 

" Mc ... . 
.4}.;~ $1.·• ,o.; 

IEI I 
• 
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This unit was designed for communi­
cations equipment and is available 
in 25 amp. stages from 25 to 150 
amps. It can be operated in parallel, 
has a remote sense feature , an in­
verse time ci.rcuit breaker and in­
ternal fan cooling. Overload capacity 
is 200% for 5 minutes; 400% for 4 
seconds. En vironmental capability 
encompasses a temperature range 
of -20° to + 130°F. This equipment 
is designed for standard rack mount­
ing and is compatible with the sys­
tem into which it will be designed. 

Like other Tung-Sol designed and 
built power supplies, this one meets 
precise performance requirements 
and high reliability standards. The 
price doesn't sound as though it was 
custom built. 

If you are interested in this , or a 
power supply to meet other specs, 
we would like the opportunity to 
demonstrate that a Tung-Sol de­
signed unit would be your best buy. 

CHATHAM PRODUCTS 
Tung-Sol Division 

Wagner Electric Corporation 
LIVINGSTON, N .J . 07039. TWX 710-737-4421 
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. your answer to high packaging density 
with discrete components 

Faced with a severe space limitation for your electronics 
equipment, the miniature Allen-Bradley Type BB is just 
the "ticket." Its extremely high packaging density (over 
1,300,000 per cu. ft.*) enables a drastic size reduction­
with no sacrifice in reliability! 

These tiny Type BB resistors are made by the identical 
exclusive hot molding process as the larger Allen-Bradley 
resistor. Using precision automatic machines-developed 
and perfected by Allen-Bradley-the human element is 
completely eliminated. The resulting uniformity from 
one resistor to the next-million after million and year 
after year - is so exact that long term resistor perfor­
mance can be accurately predicted . And during the 
twenty-five years this exclusive hot molding process has 
been in operation, no Allen-Bradley resistor is known to 
have failed catastrophically. 

Allen-Bradley Type BB resistors are available in stan­
dard resistance values from 2.7 ohms to 100 megohms 
with tolerances of :!:: 53, :!:: 103, and :!:: 203. Maxi­
mum rated wattage is Ys watt at 70°C and can be de­
rated linearly to zero watts at 130°C. The maximum 
continuous rated voltage is 150 volts RMS or DC. For 
complete specifications on the Type BB resistor, please 
write for Technical Bulletin B-5005. Allen-Bradley Co., 
222 W. Greenfield Ave., Milwaukee, Wis . 53204. In 
Canada: Allen-Bradley Canada Limited. Export Office: 
630 Third Ave., ~ew York, N.Y., U.S.A. 10017. 

*Theoretical packaging in cordwood arrangement. 

actual size 
of Allen-Bradley Type BB 
hot molded resistors 

ALLEN-BRADLEY 
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"we use Allen-Bradley hot molded resistors 
because their consistent, stable characteristics-
month to month and lot to lot- ensure repeatable 
measurements by our instruments." GENER A L RA 0 10 co. 

Type F variable resistor 
with pin type terminals 
for mounting directly on 
printed wiring boards . 
Rated 1,4 watt at 70°C. Total 
resistance values from 100 
ohms to 5 megohms. Shown 
actual size. 

TYPE BB t/B WATT 

i:mll====== 
TYPE CB 1/4 WATT 

TYPE EB 1/2 WATT 

TYPE GB 1 WATT 

General Radio Type 1680 Bridge auto­
matically measures capacitance and Joss 
simultaneously, generates coded digital 
output data , and displays measured 
values in about one-half second. The 
ba sic accuracy is ± 0 .1% and the range 
is from 0 .01 pF to lOOOµF. 

A-B hot molded fixed resistors are avail­
able in all standard resistance values 
and tolerances, plus values above and 
below standard limits. Shown actual size . 

= =t 
TYPE HB 2 WATTS 

Just as surely as automatic equipment saves its users' 
money when it is in operating condition, it is virtually 
worthless when failure of a component has made the entire 
device inoperative. To insure the reliable and accurate 
performance of their new automatic capacitance bridge, 
General Radio designers selected Allen-Bradley hot 
molded fixed and variable resistors. 

Allen-Bradley resistors are made by a hot molding 
process using completely automatic machines developed 
by Allen-Bradley. This results in such precise uniformity 
from one resistor to the next-year in and year out-that 
long term resistor performance can be accurately pre­
dicted. Furthermore, there is no known instance of catas­
trophic failure of an Allen-Bradley hot molded resistor. 

72·06· 7E 

The same manufacturing technique is used with the 
Type F variable resistors. Their solid hot molded resis­
tance track assures smooth control from the very begin­
ning and which improves with use-and are. completely 
devoid of the abrupt changes to be expected of wire­
wound controls. In addition, A-B variable resistors are 
essentially noninductive, permitting their use at fre­
quencies far beyond range of wire-wound units. 

For more complete information on the full li ne of 
Allen-Bradley quality electronic components, please 
write for Publication 6024: 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. 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 



Pinpointing sound is this RAOAR's dish 
Twenty years ago, Bell's X-1 cracked the sound barrier and created the 
world ' s first sonic boom. Today, Bell is working with NASA and the FAA to 
find the quietest way to send a plane aloft and bring it back safely. 
In the vicinity of the Wallops Station , Virginia test site, jet transports 
fly a series of takeoff and landing " profiles ." Engine power, control -surface 
settings and rate of altitude change are systematically varied. 
Exact records of the " profiles" are made on a basis of data supplied by a 
GSN -5 precision radar system manufactured and operated by Bell 
Aerosystems. Recording devices along the flight path measure 
the sound level as the plane passes over. The radar and sound information 
are fed into a computer for analysis and eventual use in planning 
mini -db flight paths . Maxi-precise radar is a Bell specialty. Brochure 
mailed on request. 

BELL AEROSYSTEMS-A textronl COMPANY Buffalo, New York 

-+-Circle 78 on reader service card Circle 79 on reader service card 79 



New epoxy 
transistors 

~r·~' ® 
1•1 

2N3&05A 2N5027 
Electrically similar to the 2N914. Electrically similar to the 2N2539. 
Price: 20 to 25¢ in volume. Price: 20 to 25( in volume. 

I• Vceo . ..... 40V l ts .. . ....... .. 20nsec . Vceo .. ...... .. . .. 60V Id @ lc=150mA . . 15nsec. 
VEBo ..... . SV ton • • •••• .. •••• 35nsec. Vceo .. . ... ... . ... 30V 1, @ lc= lSOmA •. 20nsec. 
Vceo ...... 15V toff . .. . .. ..... 4Snsec. 

VCE(SATI @ 150mA . 0.45V (max. ) 1, @ lc=lSOmA .. 35nsec. 
hFE. . .............•..... . . . . 30-120@lc= 10ma; VcE=lV 

VBE(SATI @ 150mA . 1.3V(max.) If @ lc=lSOmA .. 25nsec. VCE(SATI ...... • .............. 0.25V @ lc= lOmA; le= lmA 

This is an excellent medium-speed saturated switch for This transistor for medium-current, high-speed saturated 

' computers and electronic calcu lators. These transistors ~·· switching is available in sample quantities as a core 
offer low storage times and are available in sample quan- driver for computers. Take advantage of its superior h FE 
tities now. linearity with current (50 @ lSOmA min.). 

f• 
...... 

· . c:.;..<' " . 
~x. . . .. . . ~ ' ;, -~ . ·· . . . -~"'" • ' . . ..... .. 

. , 

~ 
2N4424 2N5029 
Good Beta linearity from 2mA to lOOmA . I •· Electrically similar to the 2N2369. 
Price: 25 to 30¢ in volume. Price: 20 to 25¢ in volume. . .. 

k " ~ 
BVceo •• •..... . ... . . ...... •.. ... ........ . . . .. 40V min. Vceo ........ 40V Id@ lc=lOmA . ...... •• lOnsec. jiff 
le . ......... ...... . . ....... . . .... . . ......... . 400mA Vceo ........ 15V 1, @ lc=lOmA .. . . .... . 12nsec. 

:' hFE @ 2mA ...•.•• ••. .. ••.• • . , . .•• • • • .• •••..• . 180-540 hfE@ lOmA . 40-120 1, @ l c= lOmA • .••••• •• 12nsec. 

&<. Vceo ............. .. . .. . ... . ......... .. .. . . . . 40V min. 11@ lc=lOmA . .•...... 14nsec. 

Ii' This general purpose ampl i fier can add even more epoxy VcE(SATI @ lOmA ........ . ....•.....•..••.... 0.25V max. 

~· 
economies to auto radios, TV 's, home radios and many VBE(SATI @ lOmA ........... . ............... . 0.87V max. 

other products. Now: a high speed saturated switch in an epoxy economy Ii' : 
package for computers. 

t"··· 

..ik.· :.; ;3· ·~ : ~-- ··y;· .:.;;;;';['r:.''±\0''· :.;:.,,...,,.i...t'.. .l;; ..;:. 2_ 1£'. JlS.;, . .....::. -. ",, .. 

All with the outstanding moisture resistance 
of GE's newest epoxy package 

80 

That's right. These four new NPN 
planar passivated silicon transistors 
are as reliable as the hermetically 
sealed devices you are using now. Yet 
they cost less than half as much. 
The reason is GE's newest innovation 
in epoxy packaging techniques. 

General Electric's new epoxy pack­
age is far less moisture sensitive 
than other plastics; and it will im­
prove performance at higher ambi­
ents and junction temperatures. 

"' ~ u 

TIME IN 1.000 HOU RS 

This is just one more example of 
the total electronic capability you 
get from General Electric. Call your 
GE engineer/ salesman or authorized 
distributor for more information. Or 
write to: General Electric Company, 
Section 220-51, Schenectady, New 
York 12305. In Canada: Canadian 
General Electric, 189 Dufferin St., 
Toronto, Ontario. Export: Electronic 
Component Sales, IGE Export Division, 
159 Madison Ave., New York, N. Y. 

SEMICONDUCTOR PRODUCTS DEPARTMENT 

GENERALfj ELECTRIC 
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You've heard a lot of talk 
about flexible cables. 

Read these facts. 
This new, authoritative, 12-page design guide 
will help you: 1) decide when and where to use 
flexible cables and printed wiring; 2) exploit 
their specific advantages; 3) design the proper 
form for your application; and 4) choose the 
right insulation and conductor size. 

The booklet is free. Write today . It'll show you 
how to reduce weight, save space, simplify 
assembly, increase reliability and uniform ity 
and ... cut costs. 

CERRO-FLEX* flat flexible cables and printed 
wiring are the logical solution to critical 
demands of modern electronic equipment. And 
Cerro is the logical source of reliable, 
up-to-date information. 

Cerro Wire & Cable Co., Division of Cerro Corp. 
New Haven, Connecticut 06504. 
,-------------- ----- , 
: Please send me "CERRO-FLEX* J 

I Flat Flexib le Cables" I 
I NAM I 
I I I Till I 
I COMPANY I 
I ADDRESS I 
I I 
L-------------------~ 

CERRO 
*Trademark 

WIRE & CABLE 
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Here's just part of the full Honeywell line, which includes: (J 117 Visicorder direct-recording oscillographs in 6", 8", and 12" models; €) 2 Model 1806 fiber­

optics CRTVisicorder oscillographs;8 26 magnetic tape systems, including the 7600 Series in 1 OY," and 15" reel versions ; @ 84 amplifiers and other signal -condi-

We build 847 
instruments to be sure we 
have the exact 1 you need. 
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tioning units; 4) 78 analog recording systems; @ 46 electronic medical systems; @ 14 oscilloscopes; m 37 digital multimeters; 0 29 differential voltmeters ; 
8 179 precision laboratory standards and test instruments; 0 128 data loggers; 4) 9 a·nalysis systems; C!} 61 EM! products ; G) 37 X-Y graphic recorders. 

Your Honeywe ll sales engineer can zero in on th e precise 
so lution to your instrumentation problems. Quickly and 
effic ient ly. You won' t have to sett le for " almost" what 
you need because the Honeywel l sa les engi neer isn't 
handicapped by a limi ted line. He can choose from 847 
basic instruments whose oombinations and permuta­
ti ons approach the infinite. 

The solut ion might be a Vis icorder recording oscill o­
graph. Or one of our modular magnetic tape systems. Or 
an X-Y recorder. a digital multimeter. or a portable po ­
tentiometer. But whether it's a si ngle instrument or a 
complete data system.you can be sure the so lution will 
be the right one. carefully thought out w ith your future 
requirements considered as well as your current needs. 

Local service and nationwide metrology facilities back 
up your Honeywell instrument or system. And. we can 
even provide factory training courses for your operating 
personnel. For the full story on how Honeywell ca n help 
you. call you r loca l sales eng ineer or w rite: Honeywe ll. 
Test Instruments Division. 
Denver. Colorado 80217. Honeywell 

Honeywell engineers 
sel I solutions · 
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Fastest 
Thermal Switch. 

You're looking at the smallest 
snap-action thermal switch on the 
market today. That's why it has a 
faster thermal response than any 
other. It's a KLIXON® "Tiny­
Stat", now widely used to control 
temperatures in missile radar, air­
craft and commercial electronic 
applications. 

KLIXON 3BT and 4BT Series 
Tiny-Stat thermal switches re­
spond to temperature change 5 

times faster than their nearest 
equivalents. They're rated at 1 
amp, 115-ac/ 30v-dc for 10,000 
cycles. Temperature range is 0° to 
350°F, open or close on tempera­
ture rise. Vibration resistance is 5 
to 2000 cps at 30 G. Their small 
size makes them ideal replace­
ments for thermistors and their 
electronic switching circuitry. 

We off er a complete line of 
precision thermal switches, solid 

state switches, electromechanical 
switches, thermal and magnetic 
circuit breakers, cooling effect 
detectors, component ovens, pro­
portional temperature controllers 
and power storage systems. 

For complete information on your 
specific requirements for any one 
of our products in these lines write 
to TI Control Products Group, 
~Attleboro, Mass. 02703 or 
~phone (617) 222-2800. 

TEXAS INSTRUMENTS 
INCORPORATED 

84 Electronics I June 26, 1967 



Osaka 
September 28 
to October 4 

The Biggest Electronic International Trade Show In The Orient 
Place: Osaka International Trade Fair Grounds, Osaka City, 
Exhibitors: Japanese and foreign manufacturers of electron ic equipment, 

devices, and parts. 
Exhibition Area: Pavilion No. 1 & 2 (13,300 square meters) 
Exhibits : Consumer Electronic Products, Industrial Electronic Products, 

Electronic Components, etc. 
Admission: Free 

For further information, write to: 

El~il ~~EM~!~~~lh~,J.~~~~,T~,1.~S c~,~.~~~!~ ~!~~ OF JAPAN 
Overseas Offic es 

Electronics Section Japan Light Machinery Information Center, JETRO 

New Y ork : 437 5th Avenue, New York, N .Y., U.S.A. Phone. MU ·6·0731 
Du esse ldorf: Oi.isse ldorf Berliner Allee 32, Bundesrepubl1k Oeutschla nd Phone: 12351 -3 
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High Reliability Instruments 

meter 
- for AUDIO LABS and PRODUCTION -
FEATURES : 
• Eff1c1ency is achieved in measurements by elimi­

nation input level and balancing adjustments for 
each change 1n the frequency ; errors due to per­
sonal factors are reduced. 

• The null network for the fundamental frequency 
suppression I patent applied tor i has such a char­
acteristic that makes possible the determination 
of the distortion due to frequency modulation in 
tape recorders. 

e (ala/,. ., •~n/ nn rrqur.•/• 

MEGURO DENPA SOKKI K.K . 
\'~g .. , Ei..c1ro"'c I'""~''"'"' .o l•d 

No 5 1 1-cr.omf' (._.,ocho Meguro lc u To~10 Jopa'1 
TH 7 7 9 7 Cob:.,, N'EGURODE.,_P.i. 70-.YO 
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~@rno~~QO 
poly 

for 

4X -16BET 

. 
vane on 
FM.AM 

Main Features: 
• M1cro-m1n1ature sized yet with large capacity . 
'" High reliab1l1ty against temperature and humidity. 
• 4 Trimmers of AM . FM sections. 
• Good howling · proof. 
• Smooth rotation torque . 
* Excellent "Q" character1st1cs. 

San ·Esu 1s always contr1but1ng to cut your production 
costs through precise delivery by mass· production 
under cond1t1ons of the rigid quality control. 

----------©----------
SAN -ESU ELECTRONICS CO ., LTD. 
1- 2. 6 -chome NishiQi. Shinagawa -ku. Tok yo, Japan 
Tel. Tokyol783 17311 Cab le, SANESVARICON TOKYO 
Please send me free literature on your poly 
varicon . 

Name : _____________ _ 

Firm : _________ ____ _ 

Address :-------------

, ____ ----- ---- -- --- -- ---
86 Circ le 86 on rea der servi ce card 

¥ 
481,000 

Osaka 
September 28 
to October 4 
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For A Quality Source Of Electronics Products Visit 

JAPAN ELECTRONICS SHOW '67 
Osaka 

September 28 
to October 4 

THE ECONOMICAL HITACHI VIDICON 
The new Hitachi Vidicon 8758 is an improved, low-cost, replacement for the 7735A 
or 7262A Vidicons: 

ACTUAL SIZE 

TYPE - 1 inch. 

SHORTER LENGTH - for small transistorized cameras. 

LOWER HEAT POWER - 6.3 V, 95 mA. 

HIGHLY SENSITIVE PHOTOCONDUCTIVE LA YER - clear images 

even with poor lighting. 

HIGH RESOLUTION - over 600 TV lines at the center of the screen. 

FOR ECONOMY - THE HITACHI VIDICON 8758 

Size 
Overall length (mm ) 133 ± 3 

Greatest diameter (mm) 28.6¢ ± 0.3 

Focusing method magnetic 
Method 

Deflect ion method magnetic 

Heate r voltage (V) 6.3 ± 10% 

Heater cu rrent (mA ) 95 

lllu01ination (Ix) 10 

Examples of usages Target Voltage (V) 20-40 

Dark current (pA) 0.02 

Signal output current (µA) 0.2 

Center resolution (TV lines) 600 

• 

Additional economies : the Hitachi Vidicon 8758 has the same base connection as the 7 pin-stem of 
conventional picture tubes, permitting the use of the lower-priced standard sockets. It is suitable for 
use with industrial television equipment and other closed-circuit television systems. 

HITACHI SALES CORPORATION: 333 N. Michi gan Avenue, Chicago, Ill. 60601, U.S.A. Tel : 726-457214 / 666, 5th Avenue, New York, N.Y. 
10019, U.S.A. Tel: 581-8844 I HITACHI, LTD .. DUESSELDORF OFFICE: 4 Ouesse ldorf, Graf Adolf Strasse 37, West Germany Tel: 10846 
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For A Quality Source Of Electronics Products Visit Osaka 
September 28 
to October 4 JAPAN ELECTRONICS SHOW '67 

MITSUMI UHF 
TV TUNER 

outrating international 
tuner standards ! 

Far outrating the FCC and VOE specifications, which are 
widely prevailing in the World as tele -communicati•n 
standards, the M ITSUM I UHF tuner only radiates spurious 
s ignals less than 33.5 dB below the reference field strength. 
Material, plat ing, soldering, as well as the propr ietorial 

circuit design are the technical achievements by M ITSU Ml 
based on a long -term fundamental research. 
By virtue of high compactness, light -weight, outstanding 
durability and overall use of silicon transistors, the Ml ­
TSUMI TV-tuner has made possible of minimum frequen ­
cy drift due to temperature var iat ion. And also, the 

M ITSU Ml TV ·tun er is made ava ila ble to tube-type TV sets. 

Model UHF TV tuner 
Specifications UK-A32 for Amencan channel 
Gain(dB) 10~ ---
No ise figure(dB) 14 mu ___ _ 

Image rat io(d B) 30 min . 
IF reject1.;n{dB)____-L___ 60 min.--­

Temperature Stability : 
Freq uency stabthty ~kc at 25 - 65° C 

Voltage stability : 
J 1 100kc at 11V ""!" 1V 

Outer dimensions(mm_) 51 , 62 .5 , 24.5 

------ Model UHF TV tuner 
Specifications U·ES12B for European channel 
-G am (dB) 10 min . 
No'fS6figu re(d'0B') --+----~16 max . 
Image ratio (dB) 35 min . 

IF rejection (d B) 55 min 

Freq uency stability 

Outer d1mens1ons(mm) 1 

MAIN PRODUCTS 

Temper~ili-ty-,---

800kc at 20 • 30° C 
Voltage st ability : 

' 400kc at 11V :t 1.1V 
46 5 . 50 . 19 

•Polyethylene variable capacitors • IF Transformers • Micro· 
motors • Synchronous motors • Front -end FM tuners e UHF 
& VHF TV tuners • CdS photoconductive cells • Trimming 
potent iometers • Various types of coils • Various types of 
sockets • Trimmer capacitors • Various types of termmals • 
Fuse holders 

[IJMITSUMI 
MITSUMI ELECTRIC COMPANY, LIMITEO 
1056 Koadach1 , Komae·mach1, Tokyo. 415·6211 
302, Cheong Hing Bldg , 72 Nathan Road, Kowloon, Hong Kong. 
666·925 
Marienstrasse 12, OUsseldorf , W. Germany. 
Ml TSU Ml ELECTRONICS CORPORA !ION 
11 Broadway, New York 4, N.Y. 10004. HAS-3085 
333 N. M 1ch1gan Avenue, Chicago, 111. 60601 263 ·6007 
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J!R>~nectors 
•J. 

* Cylindrical 

*Printed Circuit 

1111111 11 

.. rr;~(l). 

HI <Iii!' 

*Rec tangular , Rack & Panel 

*Co-axial, Standard & ;\liniature 

For detailed information. Please contac t to, 

Illlil Iffi® ~IE 
ELECTRIC CO., LTD. 

23 , 5- 5 Chome. Osaki. Shina~awa-Ku. 

Tok:-o. Japan C.1hle: 13ESELECO:\JllROSE 
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DX TV ANTENNAS ARE 
RENOWNED THROUGHOUT 
THE WORLD!! 

BUSINESS ACTIVITIES 

Manufacture of DX Television 
Antenna's . 

Sales of DX Television Antenna'~ 
Accessories . 

Sales of DX Twin Lead Wires 
& Cables . 

Sales of Various apparatus for 

TV Community Reception. 

MANUFACTURERS 

DX ANTENNA CO., LTD. 

No.6, lrie -dori 5-chome, Hyogo-ku, Kobe, Japan . 

Circle 219 on reader service card 

KOKUSAl ' S 

MECHANICAL 
FILTER 

50cps ............... 500kc 
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yes, 

Osaka 
September 28 
to October 4 

CCTV Cameras work best 

• -

with COSMICAR®LENSES 
Superior cameras deserve superior lenses. COSMICAR's proven precision performance 
is the combined result of advanced optical engineering and exquisite workmanship. lfD'ICHIZUKA 

\J_Q.t OPTICAL CO., LTD. 
Now wide ly used, COS MI CAR LENSES come in 23 model s for focal lengths ran ging from 
12.5 mm to 500 mm , and in 3 zoom models including a remote contro l zoom. 

Your CCTV camera and COSMICAR LENSES will make an unbeatable team . For tech· 
nical data and other particulars write to : 

568, Shimoochiai , 2-c home, Shinjuku-ku, T okyo 
Cable Address: " MOVIEKIN O TOKYO" 

m ASSURES ... 
High Quality! 
Excellent Techniqu e! 
Fast Deliv e ry! 

---VARIABLE RESISTORS--...... 
I tem No. H\'08Y I c arbon type l 

It e m No. RV!OY (carbon type ) 

I tem Nn. RA 08Y 

(wirc·wound type ) 

It em No. RTCJ 1 PN 
{trimmer potentiometers ) 

--- MAIN PRODUCTS:----.. 
• V aria hi e H.es is t o r s 
• F ixed H.e s is t ors 
• Trimme r Pote ntiometers 
• Photo Ce ll s. CdS. 

• For catalog write to 

Tokyo Cosmos Electric Co.,Ltd. 
\o. iO 'L I chomp Horinourh1 Sugrnam1 ku Tok yn Japan , 
T•I lokH>.ll!-1111 Cahl• .. COS~10Sllf\l\I fOl\\0 ,, 
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AS LOW AS -150db COM· 
MON MODE REJECTION 
-WITH HIGH 
IMPEDANCE 

CHOPPER 
TRANSFORMER 

Thi s smallest size chopper trans ­
fomer combines many improvements 
to offer you unsurpassed performance 
and pri ce economy. 
• Impedance : 5M Q Max . •Input 
level : lmV Max . •Common mode 
rejection : - 150d b Max. 

NIHCJN KCJHCJEN 

K CJ GY CJ C:: CJ., LT CJ. 

Foreign Depl.: Chiba Bldg ., 93 , 

Tsuno ha zu-2, Shinj uku· ku, Tokyo , Japan 

Circle 223 on reader service card 
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MOSAIC INDICATOR 

MODEL 

MS-21A 

MS-21 B 

Idea l for 

a wide variety 

or numerica l 

indica lions 

Features 
I. Display illuminated with white light, giving 

sufli cie nt brightness with low power. 

2 Wide viewi ng a ng1e display o n a s ingle surface, 

permit1ing a viewing angle of about 150.0 

3. Co mpact and lightweigh t, c haracter size 

maximized, install a tion spa ce minimized. 

Specifications 
Lamp used: Voilage: 6.JV 

r--... 
RODAN Current: 0.05A 
'-" 

OKAYA ELECTRIC INDUSTRIES CO., LTD. 
YASUDA BUILDING, 3-8, 1-CHOME. 

SHIBUYA.SHIBUYA-KU.TOKYO.JAPAN 

Agent in the U. S. A. and Canada. 
ALCO ELECTRONIC PRODUCTS. INC. 

LAWRENCE MASS. 01843 • TEL.(617)686-3888 
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MATSUO 
High Re liable CaP.acit ors 

POLYESTER FILM 
CAPACITORS. 

METALLIZED POLYESTER 
FILM CAPACITORS. ------Type FNX-H Mylar wrapped semmval with epoxy end ml 

Capacitance Range: 1 MFD to ID MFD 
Voltages· IDOv.200v.400v, 600v DC 

SOLID TANTALUM 
CAPACITORS. 

90 

1!!!!!1!!!!! 

for full details, co ntact : 

MATSUO 
ELECTRIC CO.,LTD. 

:l-chome, Sen non -c ho, T oyonoko-shi, Osako, Japan 
Cable AddreSI " NCC MATSUO" OSAKA 

Circle 90 on reader service card 

MODEL 

521A 

RIPPLE , 3mVp-p 

M00fl VOLTS AMPS REG ULATION 
!line or load) 

521A 1-1av 0.5A ± 20mV 

541A 1-35V 0.25A ± 20mV 

543 l-35V 0.5A ± 20mV 

5311 0-35V IA ± lOmV 

535C 0- 35V 5A ± 3mV 

_.,*#Metro•~ corp. 
76, CHOFU-CHIDORl-CHO.OTA-KU, TOKYO. JAPAN 

Circle 224 on reader service card 

I 0000000 · .. 
• 

The mast ve rsatile and re liable solid state 

universal counter of the plug - in type for 

measuring frequency . period, frequency 

ratio and time interval. 

• Frequency measuring rang~ from 0 .1 c/ s 

to 50 Mc directly : up to 3 Ge with a 

plug-in frequency converter 

• 3 X 10 9 / day time base stability 

•a digit. . display storage 

•Plug-ins far UC-578 

Frequency converter PC.152 (50 to 510 Mc) 

Frequency converter PC-133 (0.3 to 3 Ge) 
Time interval unit PC-216 

(l,u s to 99,999,999 s) 

@~l'lc=>C> 
ELECTRIC CO.,LTD. 

19 -7, Kamala -4-chome , Ohta-ku , Tokyo 

Circle 225 on reader service card 

Osaka 
September 28 
to October 4 
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Don't lose valuable time in .mistakes caused by overflow 
or forgetfulness. Sharp's newest electronic desk calculator, 
Compet model CS-308, has reminder lamps. If an operation 
exceeds the calculator's 14 digit capacity, a red lamp auto­
matically indicates overflow. A yellow lamp comes on when 
the Memory Register is in use- you can't forget those inter­
mediate answers. 

The lamps are only the newest way in which Sharp 
saves time for you. Silent Compet automatically displays 
plus, minus and decimal signs; makes it impossible to press 
2keys at once; rounds off fractions for you; can't be harmed 
by misuse; simplifies maintenance with plug-in circuits. 
Because of its speed and capability Com pet is Japan's most 
widely used electronic desk calculator. 

~SHARP 
H A YAKAWA ELECTRIC CO., LTD. o"" J•o•n 

U. $ Subs1d1ary• S~ARP ELECTRONICS CORP. 178 Commerce Road Carlstadt, New Jersey 
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all under 
one roof: 

Tukin memory systems are totally Tukin 

from start to finish. At Tukin we handle 
everything concerned with the memory 
systems we make. That's why we 
guarantee top quality: the Tukin quality 
you expect. We not only save time by 
doing it all ourselves, we save you money 
by cutting costs. 

Tukin is the largest manufacturer of 
memory cores, planes and stacks in Japan. 
(We make more 20-mil-and-under cores 
than anyone else here.) Tukin uses its 
famous ferrite cores for the very latest in 
2~D memory systems: you get improved 
performance, lower cost potential in larger 
memory sizes. 

Write: 

·~ Tohoku Metal Industries, Ltd. 
4, 7·chome, Ginza ·Higashi, Chuo ·ku, Tokyo, Japan 

Telephone : Tokyo 542·6171 Cable Address : TOHOKUMETAL TOKYO 
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High Quality 
Printed 
Circuit 
Boards! 

(UL Approved: E -38255) 

Through the strictest quality control sys­
tem, Tokyo Print have won the fullest 
confidence, as top printed circuit board 
manufacturers in the field . Indeed , all 
the manufacturing processes are so sys ­
tematically installed and organized that 
all engineers can keep watch on every 
part and every process. 

For compute r' use 

For 
Radio uae 

e 
Tokyo Print Industrial Co., Ltd. 

92 

No. 782, Shimoish lhara , Chofu -shi, Tokyo, 
Japan Tel. 0424 (83 ) 5711 
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FI XED COMPOSITION RESISTORS 

RC Y. S 

RC } ( 

RC )-, 

RC 1 

SEMI -F IXED RESISTORS 

lj 
NOISE SUPPRESSORS 
FOR CAR RADIOS 

TYPE K ( Il ) 

TYPES 

0 TAIYO DENKI CO., LTD. 
1-12 , 3-Chome, Sunomichi 
Sakai c ., Osako, Japan 
TEL: SAKAI (3) 6841 

Ci rc le 228 on rea der servi ce ca rd 

A Wide Variety Of 
NTK Electro-Ceramics 
Con Meet Your Demond 

Rectifier Co ntainers, Transistor Heade rs, Varactors 
l.C. Substrates & Packages, Hermetic Terminals, 

Out Put Windows, Ceramic Ladder Filters, Ul t rasonic 
Tranducers, Gas Lighters, Pick -up Element. etc. 

t-IGK SPARK PLUG CO., LTD. 
NTK Technical Ceramics Division 
Mizuho, Nagoya, Japan 
Cable : PL UGNGK NAGOYA 

u.s_ Office: NGK SPARK PLU GS u_s A. ), INC. 
4010 Sawtelle Blvd., Los Angeles, Calif. 90066, U. S. A. 
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Relay Reliability 
Results from 
Engineering 
Know-How! 
Over forty years of specia lized ex­
perience PLU S int eg rat ed manufac­
t uring of a lmost a ll pa rts at our own 
plan t s guarantee dependa ble and 
durable Takamisawa relay pe rfo rm­
ance. Extra ad ded advanta ge is 
thei r competi ti ve pri ces. 

Extra 

MQ Series 
MINIATURE DC RELAYS 

~! '' " - '"~ 

l . " 

I -l 
" I 

--z small ~ 
and light~ 
with big performance 
• Weighs onl y 1. 5 oz • Contact current 
up to 0 .7 Amp at 100 VDC • Twin con­
tact fo r greater reliability anti -shock per­
formance • Hig h sensitivity • Excellent 
anti-shock , 5 G1 and vibration ca pacity 
• Plug-in or screw-mou nting 

MA·R Series 
MULTIPLE USE RELAYS 

Conveniently compact 
with - extra large 
contact load capacity 
• Comp let ely new , advanced d esign 
• Easy- to- use plug-in type • A d ivers i ­
fied var iety in use • Both DC and AC 
types are available 
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To make your product lighter, 
Use TOTOKU MAGNET WIRE 
with the 
lightness of aluminum, 
solderability of copper, 
and excellent 
winding properties ! 

A very fine copper-clad aluminum wire developed 
to meet your need to make your product lighter and 
smaller, TOTOKU Magnet Wire is the result of a 
technical breakthrough in which we have success­
fully solved hitherto unsurmountable problems in 
the drawing of aluminum wire. 

With a specific gravity less than half that of 
copper, TOTOKU Magnet Wire is being used with 
most satisfactory results in voice coils, moving 
coils, motor rotor coils, and other applications in 
which lightness is a crucial factor . 

With complete confidence, TOT OK U Magnet 
Wire is recommended for use in your product to 
make it still lighter. 

*STRUCTURE 
-------Film 

- ---Copper 
--'"-#-----Aluminum 

* MAIN TOTOKU PRODUCTS 
--U / l -N EMA --MILITARY-­

ELECTRIC WIRE AND CABLE 

PVC cord 

Coaxial cable 
Telephone wire 

Shielded cable 

Flexible cord (UL approved) 

Power supply cord (UL approved) 

Rubber insulated wire and cable 

WIRE FOR SPECIA L USE 

Cable assemblies 
Heater assembly for blanket 

Heater element for refrigerator 

Magnet wire with friction surface 

Anti -rodent electric wire and cable 

Alminum and some alminum alloys 
ultra fine wire 

• WRITE FOR DETAILS 

Communication cable 

Resistor Wire 
Magnet Wire 

Coiled cord 

ELECTRIC COMPONENTS 

Precision coi ls 
Deflection yoke 

Level indicator (Gemmeter) 

Horizontal output transformer 

Vertical output transformer 

Rotary solenoid 
T ronsistorized automatic voltage 
regulator 

TOTOKU ELECTRIC CO., LTD. 
307, 2 -CHOME NISHI -OKUBO SHI NJUKU -KU TOKYO, JAPAN. 
CABLE AODRESS :"TOTOKUWIRE. TOKYO TELEPHONE: TOKY0(369)2161 
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Small Molded Capacitor 
(Gimmick Type) 

---«------
• A Type • C Type 

Variable Resistor 
Special element for color TV available 

• With Nylon Shaft • Shaft less 

MAIN PRODUCTS : Variable Resistor • Electoronic 
Switch • Capacitor • CR Composite Parts • Fixed 
Resistor • Coil & IFT • Power Resistor 

(/) !~~~~~~ka~!a~~~~yo~o~~~~so~-~~.~~~~n 
PHONE : NAKAHARA(42)3171 TELEX: 3842-155 
CABLE: KAWASAKl-TEITSU 

NOBLE 

j 
w 

! 
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ANOTHER WORLD'S SMALLEST 
Soshin 's Dipped Mica Capacitors / DMOS 

Developed by SOSHIN ELECTRIC , the only mica 
capacitor maker in Japan with MIL -C-5C qualifica ­
tions. This newest and its bigger brothers will meet 
all your requirements . Volume orders accepted . 

Types MaA AlloNable 
D1mens1on ( mm ) Capacitance pl ) 

Stanaa1c1 IOOWV 300WV 500 WV 100 WV 300 WV 500WV 

L w T L w T L w T 
M" ... ... ... •.. ... M" ... ... 

OM~ 200 130 - 70 50 35 7 0 50 35 - -
::@IT: 440 39 330 85 5.5 3.5 85 5' 3 U. u_ 35 

OMJ.iill05 2000 11@: 5 13 11 0 IS 175 ID_ 60 12 0 10 0 5 5 
~19 M06 10000 = = R !'-.Q_ :J.lll L.Qj !Ll_ .ill!. '..>.. 

For further information, write to 

~ ~~~~!,t;~t~e~o~t~k!~~y~ J~a?·, LTD. 
Cables : SOSHINCAPACITOR TOKYO 
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$1,0 50 
(F.O .B. YOKOHAMA) 

25 ~ 230MHz 

Field Strength 

Meter 

M-321C 
wi th Doublet or 

Loop antenna 

,. {~ 
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Field strength measuring value 

(Min . ) L ess than 4d B at 25 -38 MHz 

by doublet antenna. 

(Max. ) Minimum value+ l 00 dB 

Accuracy - 2 dB 

Pass band width approx. 80 kHz (6dB l 

Noise measurement: combination with 

Quasi-peak meter MH :nA. $ 5'>3 

Other models available fo r frequency 

ranges froml5 0 kHz toll, IOO MHz. 
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- ----------14 
HDK 

Offers you the fine1t quality I< 
products at low cost by the 
controlled mass-production. 

-
(
""F:;d Com pos it ion ) ~ 

Res istor Type RC -1/ 2 

MAIN ,.llODUCTS1 
e F ixed F ilm Resis tors ( H igh s ta bi l ity) 

• Variable Resistors 
e C R M odules 

< !:!iii... 

• For catalog write to .......... 

~ HOKURIKU ELECTRIC INDUSTRY CO., LTD. 
~ 1873 3 chome Kam1meguro Meguro-ku Tokyo Japan 
HOKUQHM Tel Tokyo 713 1146 -9 Cable HDKELEC TRIC TOKYO 

REVOLUTIONARY 
NEW!! 

Printed Resistor Circuit 
TYPE PRC 

Type PRC printed resistor circuits are re ­
sistor s pr inted on th e printed ci rcuit board . 
Th e plane construct ion of elements makes 
availab le th e min iature ci rcui t des ign for 
radios, transceivers, tape reco rders, TV, 
com puters. etc. 
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DIFFERENTIAL TRANSFORMERS 
For measurement ond remote control use 

Capable of obtaining output voltages 
exactly proportional to any kind of 
mechanical variation. 
Measuring value: 1/ 100,000-I OOmm 

li~~··:·,~,1~i~·~·,,·;~ ID ~ Q 
F ea tu res: 
* Ou tstanding 

interchangeability 
* Qu ite fr ee fro m 

outer magnetic 
f ield 

* In sensitive to 
ordinary shock, 
water and heat 

t-H-1' i H-+-hllfl-i 

+-+-10 ~t-t-+-#--t-1 

t--f) +- ,, 1-5++-*ll-+--l--i 

6 5 4 3 2 I 0 I 2 3 4 5 6 

mm <E-- mv~~r:17~~al ~ mm 

@) 
Manufacturers of Differential Transformers 

NIPPON COIL CO., LTD. 
Amakawa Bldg. 1, J.chome, Hommachi, Hliashi·ku, Osaka, Japan. 
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Osaka 
September 28 
to October 4 

NOW! 
WORLD'S 

FIRST 
I0.7MC 

CERAMIC FILTERS 
FOR 

FM RADIOS. 

Murata's rem arka ble new ceramic 
filter Mode l SF-10 .7MA g ive you 
more selec ti vi t y fo r thei r size than 
any conventi onal 1-F f i lter. 
They are fixed tu ned and need 
no alignmen t - are non-magnetic 
and non-microphonic. There is no 
mechanical co upli ng but wholly 
e1ectrical. 
By the app licati on of trapped 
energy theory about vibration 
mode to piezoe lect ric ceramics, 
Murata has succeeded to make 
this new high frequency ceramic 
filter tha t anyone co uld not suc· 
ceed. 
Improve you r nex t FM radio de· 
sign with the new ceramic filter 
Model SF-10.? MA . 
Request today fo r t he lat est t ech· 
nical bulletin ~ 76 1-E fo r comp lete 
specifications and selectivity 
curve. 

MURATA 
MANUFACTURING CO., LTD. 

Nagaoka, Kyot o, Japan 
Phone • 0 75 -92- 1121 

Cable Address: MURATAKYOTO 
Telex• 5422-3 17 KYO 

IN THE UN ITED STATES 
MURATA CORP. OF AMERICA 
160 Broadway, New York, N .Y. 10038 

Phone: (2 12) 686-25 10 
Telex: MURATA 42 1690 
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THIS SPACE CONTRIBUTED BY THE PUBLISHER 

A woman's body. 
Architecturally, quite in­

teresting. To a man. But not 
to the woman who owns one. 
Most women tend to ignore 
their own bodies. 

Do you? Do you check 
your body, particularly your 
breasts, every month, for any 
lump or thickening? You 
should. A lump or thickening 
in the breast or elsewhere 
could be a ll'arning signal of 
cancer. And cancer is easier to 
cure when it's detected early. 

Sophia Loren knows the 
seven warning signals of can­
cer. So should you: 

1. Unusual bleeding or dis­
charge. 2. A lump or thicken­
ing in the breast or elseil'here. 
3. A sore that does not heal. 
4. Change in boiFel or bladder 
habits. 5. Hoarseness or 
cough. 6. Indigestion or diffi­
culty in Sll'alloll'ing. 7. Change 
in a wart or mole. 

If a signal lasts longer than 
tll'O weeks, see your doctor 
without delay. 

It makes sense to know the 
7 warning signals of cancer. 
It makes sense to give to the 

American Cancer Society. ! 
Electronics I June 26, 1967 

SHIN-El'S 
Printed Circuit Boards! 
(UL Standard Approved No. E-41166 ) 
For Tr. Radios, Industrial Measuring 
Instruments & Communication Equipments ... 

Also, fo r speci al use; 
• Smooth Printing 
• Flexible Printing 
• Front -Back Through -H ole Processing 
• M ult1 -Layer Printing 

Select the best that meets your spe<ilic application! 

• For further information please write to 
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0. 315cus1c INCH 

MINI TRANSFORMERS 

SMALLEST .. · in SIZE 
LIGHTEST .... ·in WEIGHT 
BEST ...... ....... in QUALITY 

TRANSFORMERS FOR TR. 
POWER TRANSFORMERS 
AUDIO TRANSFORMERS 

CHOKE COILS 
& OTHER COi LS 

tor detailed information, write to ..... 

REPRESENTATIVE: 

AIKOW SHOJI KAISHA LTD. 
IZUTA Bldg. No. 52 Usimarucho, Kita-ku, 
Osaka, Japan 

MANUFACTURER: 

KAMI ELECTRONIC IND.CO.,LTD. 
2-30 Kami-hosodacho, Higashi -sumiyoshi -ku, 
Osaka , Japan 

Circle 238 on reader service card 

Osaka 
September 28 
to October 4 

Meet 
the Marcon 

MC PACK 
Set-reset type Flip-Flop Model D-3100, 
the Marcon MC PACK is a newly-devel­
oped thick-film integrated circuit. Solid, 
flat and packed, it gives excellent per­
formance and durability. Ideal for digital 
and analog circui ts . Offers greater ap­
plicability because it can be hybridized 
witll semi-conductor IC's. 

Other Marcon MC PACK standard pro· 
ducts include : 

Audio amplifier D-2009 i 9 to 12V 1 
Tone control am plifier 0-2011 

1)2 to lj3V,1 
Flip -Flop circuit D-3044 

I 12V and 4.3V, lOMc l 
Flip- Flop circuit 0-3046 

112V and -6V, lOOKc l 
Schmitt trigger circuit 0-3060 

d2V, 500KcJ 
Flip-Flop circuit D-3 101 16V, lMc l 
Tokyo Denki will me-pack other 

digital and analog circuits to meet your 
special requirements. For detailed infor· 
mation write today. 

Other Super ior Marcon Products : 

o Aluminum Electrolytic Capacitors 
o Tantalum Solid Electrolytic Capacitors 
D Tantalum Foil Uectrolytic Capacitors 
o Meta llized Paper Capacitors 
o Oil Filled Capacitors 

~ 
TOKYO DENKI CO., LTD. 
9, 4-chome, Nihonbashi-Honcho, Chuo-ku, 

Tokyo, Japan 
Cable Address : ELECTROMARCON TOKYO 
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TYPE MY 
Miniature Relay 

- Specifications 
Rated Voltage: 
6~230 volts AC, DC available 
Contact Rating: 
3 amp at 115 volts AC max. 
Serllice Life: Electrically, 
100,000 Operations min. 
Mechanically, 
50,000,000 Operations m in . 

OMRON can't recommend anything··· 
but high quality products 

Every component in today's automation must be miniaturized, have it printed 

and be advanced - like OMRON's relay, type-MY. The products the world wants 

are produced through OMRON's unique technology. OMRON-first in the field of 

industrial electronics with application of semi-conductor elements. 

We are confident of the quality and usefulness of every product with the name 
OMRON. 

Other OMRON Products: Proximity Switch , Photoelectric Switch , Ultrasonic Switch, 
Solid State Control Relay, Electronic Counter, Annunciator, Transducer, Sh ift Resis · 
tor, Motion Detector, Solid State Level Control Switch , Precision Switch, Electromag­
netic Relay, Time Relay, etc. 

Main Sales Office Toa Bldg., 5, Yonban-cho, Chiyoda·ku , Tokyo, Japan 
Phone (265) 4611 Cable Address: OMRONELCO TOKYO Telex 25 279 
New York Office Room No. 1215, 23·25 East 26th Street, New York 
10010 N .Y. U.S.A. Phone OR 9·6858 Cable Address : OMRON ELCO NEW 
YORK Telex 224612 Overseas Agencies Carlo Gavazzi S.P.A . Vie G. 
Clardi, 9 Milano, Italy Phone: 40,50,51 Carlo Gavazzi N .V. Radout 
Amsterdam (Buitenverdert) Holland Phone: 42, 85, 32 Carlo Gavazzi 
Mess·und Regeltechnic Gm-BH 6 Frankfurt/ Main Berger Strebe 40-42 
West Germany Phone: 0611-43, 84, 14 49, 18, 64 Carlo Gavazzi-GMBH 

TATE 151 Schwedenplatz 2 1011 Vienna, Austria Phone: 0222/ 63 68 05 / 63 93 99 
ELECTRONICS Carlo Gavazzi AG , Kanzleistrasse 80 Postfath CH-8026 Zurich Swit· 

zerland Phone: 051-44, 93, 30 Carlo Gavazzi S. A . R. L . 74 Rue de 
Maubeuge, Paris, 9 France Phone: 878·89, 15 ·89, 16 Billman Regulator AB Agency Depart· 
ment Pack. Hubbinge 1 Sweden Phone: 774 00 00 Keyswitch Relays Ltd. 120·132 Crickle· 
wood Lane London N .W. 2 England Phone: Gradstone 1152 H . Rowe & Co. pty. Ltd. 7 Flinders 
Court Melbourne 626511 Australia P. J. Yelland & Co. (pty) Ltd. 110 Gale Street Durban 
St., South Africa Phone: 34-2487 
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Is your 

Osaka 
September 28 
to October 4 

Blood Pressure 

HIGH? 
Only your doctor 

can tell. And he 

can now help 

most cases of 

this disease with 

new drugs and 

new methods of 

treatment developed 

with the help of 

your Heart Fund 

dollars. More Heart 

Fund dollars will 

support more 

research to 

prevent and cure 

this leading 

cause of heart 

attack and stroke. 

Give 
to your 

HEART FUND 



The precision compounds deliver. 

Durez® phenolic, diallvl Phthalate, and alkvd molding compounds 
Whether your specs call for moldabil­

ity that can give you walls as thin as .050 
inch, or superior heat and chemical re­
sistance on the job, the precision molding 
compounds from Durez deliver. 

Durez' broad line of phenolic, diallyl 
phthalate, and alkyd molding compounds 
offer the balance you want from among 
these key design requirements: good 
electrica l and therma l properties. impact 
strength, durability, relatively low cost: 
heat. corrosion, and chemical resistance; 
flame retardance, dimensional stability, 
and retention of electrical properti.es after 

long periods at high humidity. 
The precision compounds are now 

playing a major role in electrica l com ­
ponent design. Ask . our sales engineers 
and technical service men to check your 
specific application or materials se lection 
problem. 

Specify the precision compounds from 
Durez. 

For complete information on the com­
plete line of precision compounds write 
Durez Division, Hooker Chemical Cor­
poration, 9006 Wa lck Road , North Tona­
wanda, New York 14120. 

11 hooker 
aurez D IV IS I DI< 
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Burroughs 
the 
leader ... 
• Originator of the NIXIE® tube 

• Originator of ultra-long life NIXIE tubes 

• Originator of wide viewing-angle NIXIE tubes 

• Originator of rectangular space-saving NIXIE tubes 

• Originator of biquinary NIXIE tubes 

• Originator of the decimal point NIXIE tubes 

• Originator of the low cost NIXIE tubes 

• Originator of alphanumeric NIXIE tubes 

• Originator of miniature NIXIE tubes 

• Leader with the broadest line of NIXIE tubes 

• Leader in quality NIXIE tubes 

• Leader in development of NIXIE tubes 

Burroughs, the originator of the NIXIE readout tube, has 
continually led the field in the development of the latest in 
readout tubes, readout devices and readout systems. Burroughs 
engineeri ng ability and experience will continue to 
lead the way in readout displays. 

For further information contact: Burroughs Corporation, · 
Electronics Component Division, P.O. Box 1226, Department 
N2 , Pla infield, New Jersey 07061 Tel: (201) 757-5000 

FIRST WITH ... 

• STANDARD 
Character Size .. . 0.6" 
Viewing Distance ... 30 ' 
for instrumentation 

• MINIATURE 
Chara cter Size ... 0.3" 
Viewing Distance ... 14' 
for mobile and airborne 
instrumentation 

• STANDARD 
RECTANGULAR 
Character Size ... 0.6" 
Viewing Distance . .. 30' 
for instrumentation -
preferred type for 
mimimal width displays 

• MINIATURE 
RECTANGULAR 
Character Size . .. 0.3 " 
Viewing Distance .. . 14' 
for mobile and airborne 
instrumentation 

continues 
to lead 

with 



• SUPER 
Character Size ... 0.8" 
Viewing Distance ... 38' 
for instrumentation 

• STANDARD 
ALPHANUMERIC 
Character Size .. . 0.6" 
Viewing Distance .• • 30' 
for information display 
systems readable to 30' 

• • • • 

• LARGE 
Character Size . . . 1.4" 
Viewing Distance ... 65' 
for large audience 
displays to 65' 

•MEDIUM 
ALPHANUMERIC 
Character Size . .. 1.5" 
Viewing Distance .. . 65' 
for large audience 
information display 
systems to 65' 

• B-5440A SERIES 
Character Size . .. 0.6" 
Viewing Distance: ... 30' 
for low-cost highly 
reliable instrumentation 
with minimal panel 
dimensions. This new 
improved NIXIE tube is 
16 2/3% shorter than the 
B-5440 series. Available 
options include • built in 
"keep alive" for rapid 
ionization • two decimal 
points, right and left. 

• JUMBO 
Character Size ... 2.0" 
Viewing Distance ... 100' 
for large audience 
displays to 100' 

• LARGE 
ALPHANUMERIC 
Character Size .. . 2.5" 
Viewing Distance . .. 100' 
for large audience 
information display 
systems to 100' 

• B-5560 
Character Size: .. . 0.5'' 
Viewing Distance: .. .. 25' 
new side-view NIXIE tube 
offers the maximum 
character size for the tube 
bulb diameter, providing 
the best readability with 
minimal instrument panel 
dimensions. 

• JUMBO SIDE VIEWING 
Character Size ... 2.0" 
Viewing Distance . .. 100' 
for large audience 
displays to 100' 
preferred type for lower 
cost and minimal width 

• BIQUINARY NIXIE 
TUBE 
Character Size ... 0.6" 
Viewing Distance .. . 30' 
for instrumentation with 
biquinary driving 

• B-XXXX 
See this latest Burroughs 
NIXIE tube development 
at WESCON - Booth 
No. 2816-17. 

• PIXIE® POSITION 
INDICATOR TUBES 
Character Size .. . 0.125" 
Viewing Distance .•. 8 ' 

• B-5440 
Character Size . .. 0.6" 
Viewing Distance . •. 30' 
for low-cost 
instrumentation 

• B·XXXX 
Burroughs is cont inually 
developing new and 
improved readouts for 
future display 
requirements. Wr ite us 
about your future 
requ irements. 

m Burroughs Corporation 
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Westinghouse 0.5 to 820 amp rectifiers 
keep everything from TV sets to locomotives 
competitive into the 1970's 

TV sets and locomotives have one thin g 
in common-both need top quality si li · 
con rectifiers wi t h competitive price and 
performance. 
TV rectifiers must withstand repetitive 
surges , be highly reliable, yet low in cost. 
The new Westinghouse 1 N4816 series , 
rated at 1.5 A. half-wave average at volt­
ages to 1000 V., meets the need. It offers 
plastic economy with metal case 
·performance for TV, Hi-Fi, and other 
consumer applications. Exclusive manu· 
factu ring techniques insure hermeticity. 
Replaces 1N536, 1Nl217, similar recti· 
fiers. Price of 400 V. (1N4820) unit in 
1000 quantity: only 30¢. 
The new Westinghouse Type 790 rectifier, 
rated 240 A. at 2400 V. allows upgrading 
of diesel-electric locomotive perform­
ance . Alternator rectifiers must provide 
3500 KW under conditions of heat, cold, 
Circle 100 on reader service card 

dirt, and overloads . The 790 rectifier 
meets this requ irement. Exclusive West­
inghouse Compression Bonded Encapsu­
lation makes it immune to thermal 
fatique and rugged enough for railroad 
service. 

Anywhere between these extremes, West· 
inghouse has advanced-performance 
rectifiers for your applica t ion-low, 
medium, or high power; standard and 
high speed. High voltage stacks and 
potted assemblies are also available in 
most ratings. And most have the unique 
Westinghouse Lifetime Guarantee identi· 
fied by this symbol -?• on the case. 

Get data now. Call your Westinghouse 
distributor for a copy of our Semicon­
ductor Condensed Catalog. Or write to 
Westinghouse Semiconductor Division, 
Youngwood, Pa., 15697. 

I Westinghouse warrants to the orig inal 
•• ~ purchaser that it will correct any defect 

or defects in workmanship, by repa ir or 
replacement f .o.b. factory, for any silicon power 
semiconductor bearing this symbol + during 
the life of the equipment in which it is origi · 
nally installed, provided said dev ice is used 
within manufacturer's published ratings and 
applied in accordance with good engineering 
practice. This warranty shall constitute a ful· 
fillment of all Westinghouse liabil ities in re· 
spect to said products. This warranty is in lieu 
of all other warranties expressed or implied. 
Westinghouse shall not be liable for any con· 
sequential damages. 

You can be sure 
if it's Westinghouse 

SC·20d7 



June 26, 1967 I Highlights of this issue 

Technical Articles 

State variables smooth 
the way for designing 

complex systems 
page 102 

Integrating space 
telemetry with thin 

films on silicon 
page 111 

Wider horizons for 
numerical control 

page 125 

Coming 
July 10 

Electronics I June 26, 1967 

As networks become more complex, and more engineers turn 
to computers to design them, there is increased interest in a 
method of design that uses state variables [Dec. 26, 1966, 
p. 63] . Now the method has been extended to simplify the 
design of electronic sys tems. Using a specially calculated 
performance index, the author shows how state variables can 
ibe used to design a feedback control sys tem rapidly. 

The exacting demands of telemetry have often kept conven­
tional integrated circuits out of equipment. Two new families 
of circuits have been developed for use in applications that 
have the same demands for reliability and low cost. They are 
made by depositing thin films onto monolithic chips, thus 
crea ting a new kind of hybrid integrated electronics. 

.Elecfroni~ Developed for metalworking, numerical 
:::·::.-.:::.::;.::;:_. control techniques are spreading to other 
... _. -··--........ -. applications, including the n1anufacture of 

electronic equipment. Some experts are 
predicting the establishment of electronic 
manufacturing centers where the steps 
from design to final production will be 
automatic. The advent of integrated cir­
cuits that can meet industrial requirements 

for low cost, high reliability, and relatively high powers is 
speeding the development. For the cover, Joseph Sommers 
photographed a milling machine run by a new Acramatic IV 
numerical controller, built with integrated circuits by Cincin­
nati Milling Machine Co., as it turned out helicopter parts 
at the Sikorsky Aircraft division of United Aircraft Corp. 

•A case history of computer-aided design 

•Graphical processing for a computer 
•A doctor criticizes the engineering approach in the 

first article of a series on medical electronics 
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Design theory 

State variables smooth the way 
for designing complex systems 

A facile technique based on a performance index allows 

the engineer to build a feedback control system rapidly 

and conveniently with the help of a digital or analog computer 

By Richard C. Dorf 
Un iversity of Santa Clara, Santa Clara , Cal if. 

La rge and complex feedback control systems are 
rarely built on the first try, but applying state­
variable methods to the evaluation of a special 
performance index makes the des ign job far eas ier. 
A state variable is a quantity that describes the 
energy stored in a sys tem, hence the state of the 
system. For instance, the voltage across the capaci­
tor is often designated as a state variable since it 
completely describes the state of the capacitor at 
any time. 

\ i\Tith the help of a computer, an engineer can 
quickly and conveniently optimize his design and 
evalu ate how a system's capabilities are affected 
by various parameter tradeoffs . 

The index, called J, is a quantitative measure of 
a sys tem's performance, chosen to emphasize the 
important sys tem specifications , and required to 
achieve an optimal system. vVhen J is at minimum 
value, the sys tem is said to be optimized with these 
characteristics : 

• Assured stability. 
• Accurate response to applied input signals. 
• Insensitivi ty to changes in circuit parameters, 

such as component tolerances. 
• Assured minimum steady-state error. 

The author 

102 

Richard C. Dorf is chairman of the 
department of electrical engineering 
at the University of Santa Clara. He 
is also a consultant for Sylvan ia 
Electric Products Inc., where he 
works on computer and adaptive 
control systems. 

All the des igner need do is form a se t of firs t­
order differential equations th at relate the circuit's 
capacitor voltages, inductor currents , and input 
signal to a specified matrix equation, and then 
use a computer to manipulate tbe matrixcs to a 
des ired form. A brief summary of the state-variable 
concept is offered on page 104. 

The performance index of a sys tem is denned in 
terms of its state variables, 

i
tf 

J = g (x, u , t) ci t 

where x is the state vector and u is the control 
vector. The state and control vec tors are column 
matrixes, 

[ ~~ l I ~ : l 
x ~ ' " and u ~ l Um 

where xi. x2 . ••• , x11 are the state variables of the 
circuit, representing currents Rowing through in­
ductors or voltages across any circu it capacitors; 
u i, u~ , ... , Um represent the input signals. 

Optimum performance is obtained by evalu ating 
J. F or example, a Rrst-order system with one state 
variable x1 has a performance expressed by 

(1) 

where x1
2 = g(x1, u), and tr = the time at which 

the evalua tion is desired. Thus, if the state x, (t) 
equals the sys tem error, equation 1 represents a 
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performance index that is equivalent to the integral 
of the square of the error. The energy dissipated 
by the control vector is not accounted for in this 
equation. When it is desired, as for example keep­
ing track of the energy in a battery aboard a space 
vehicle, an alternate performance index is used. 
Namely, 

(2) 

where A. is a weighting factor, specified by designer 
and usually a fractional value. 

To evaluate the performance index of a system 
with several state-variable term s consider the sys­
tem at the right. Th e system could be a friction 
motor, an attitude control of a space vehicle, or 
any open-loop circuit without res istance and is 
represented by the linear vec tor differential equa­
tion 

x = Ax + Bu (3) 

where u is some function of the measured state 
variables X as written by 

u = h (x) (4) 

and the control vector may be represented by the 
terms 

U 1 = k 1 ( X1 + X2) 

U2 = k 2 ( X2 + X3) 

Um 

where ki and k2 are constants . 

(5) 

In this illustration the feedb ack function is as­
sumed to be linear, thus u = H x where H is an m 
X n matrix. In expanded form , the matrixes are 
written as , 

I U 1 ] I h 11 ••• h 111 11 X1 ] U2 ' X2 
. - . . 

l : l ~m I ' ' ' h mn J l : 
U m Xn 

Substituting equation 6 into equation 3, yields 

x = Ax + BHx 

(6) 

= Dx (7) 

where D is the n X n matrix resulting from the 
addition of the element A and BH . 

A performance index written for two state vari­
ables is expressed by 

J = i t! (X12 + X22) d t (8) 

The term x1
2 + x2

2 can be rewritten by using the 
definition of a transpose mah·ix multiplied by a 
column matrix. H ence, 

x T x = 

(9) 
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CONTROL SIGNALS STATE VARIABL ES 

. CONTRO L SYSTEM . . . 
Control systems are represented by two basic 
parameters-the input control signal u, and t he 
stat e variable x. 

....... 

. .. . . __.. .. 

XI 

Xz 

Xn 

is applied where xT indicates the transpose of the 
X matrix. The performance index, in terms of the 
sta te vector, is then expressed as 

J = l t1 

(x T x ) dt (10) 

In evalu ating equation 10, the final time of interes t 
is assumed as t1 = oo . To obtain th e minimum 
valu e of J, the existence of an exact differential is 
postulated so that 

cl dt (xT P x) = -xT x (11) 

where P is a matrix to be determined. A sym­
metric P matrix is assumed to simplify the algebra 
without any loss of generality. Hence, for a sym­
metric P matrix, P ii =-~ P ii when i =I= j. Completing 
the differentiation indica ted on the left-h and side 
of equation 11, yields 

~It (xT P x) = :X T P x + xT P X. (12) 

Th en, substituting equation 7 into equation 12 
produces 

d dt (xT P x) = (D x) T P x + xT P (Dx) 

= x T D T P x = xT PDx 
= x T (D T P + PD) x (13) 

where ( Dx)1' = x1'DT by the definition of the trans­
pose of a product. If (DTP + PD) is assumed equal 
to the identity matrix, - 1, equation 13 b ecomes 

AMPLI FIER 

AMPLIF IER MOTOR 

CONSTANT 
ARMAT URE CUR RENT 

INERTIA,J 
NEGLIGIBLE FRICTION 

TORQU E 0(s ) 

r:;:i - .. SHAFT 
~ROTATION 

Transfer functions for each of the d-c servomecha nism 
part s-ampli fier, mot or, and load- are expressed 
wi t h t he complex variab le s. 
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0 X2;0 ) OX 1 ~o) 

u Q-----... Q--.~ bt----111 ~-b' 
x 2 x_1 

Signal-flow graph of open-loop po rtion of the 
uncompensated d-c servomechanism system 
with state variables, x, and x,. The input of 
the servomecha nism is u. 

--

- k 1' -1 

Servomechanism is optimized by feedback with the 
constants k, and k, equal to 1 and 2, 
respectively. Compensated system is not very 
sensitive to changes in k,. 

d - (xT P x) = -xTx 
dt 

s 

(14) 

which is the exact differential sought. The identity 
matrix is defined as a matrix with all terms on the 
main diagonal equal to unity and whose off-diag­
onal terms equal zero. Substituting equation 14 
into equation 10 yields 

1
00 1 d 

J = - dt (xT P x) dt 
i;m= 

= - xT Px [ ~ 
= xT (o) P x (o) (15) 

In the evaluation of the limit at tr = oo , it is as­
sumed that the sys tem is stable and h ence x( oo) = 
0, a requirement for stability. Therefore, to mini­
mize the performance index J, the designer should 
determine the matrix P that satisfies DTP + PD = 
- I when D is known, and minimize J b y determin-

Reviewing state variables 

ing the minimum value of 

J = f °" xT x dt = xT (o) Px (o). 

Designing a d-c servomechanism 

As an example of how this technique is applied, 
consider the d-c servomechanism represented by the 
block diagram on page 103. The transfer function 
representin g this motor, load , and amplifier neglects 
the inductance of the field coil and the friction of 
the rotating load . It is also assumed that the prod­
uct of the amplifier gain K0 and motor gain Km di­
vided by the motor resistance Rr times J (Ka K01 / 

RrJ) equals 1 and the value of the feedback gains re­
main to be determined. In this example the state 
variables x1 and x2 represent the position and ve­
locity of the control system and are depicted for the 
open-loop portion of the system shown at the ab ove 
left. As the system is defined , the performance is 
quite unsatisfactory since an undamped response 
will result from a step input or disturbance signal. 
To achieve the b est design the engineer first d eter­
mines the vector differential equation of this sys­
tem using equation 3. H ence, 

:t [ :: J = [ : ~ J [ :~ J + [: J u (t ) 
(16) 

where A = [ : ~ J A feedback control system is 

chosen so that 

(17) 

p roducing a control signal that is a linear function 
of the two state variables. As the sign indicates, 
the feedback is negative. Substituting equation 17 
into 16 yields , 

X1 = X2 

X2 = - k1 X1 - k 2 X2 

or, expressed in matrix form, 

x = Dx 

= [ _:1 -~Jx 

(18) 

(19) 

The state variable is a quantity 
that describes the energy stored in 
a system, hence, the state of the 
system. When a system is an elec­
trical network, the variables con­
sidered are usually the currents 
through the inductors and the volt­
ages across the capacitors of the 
network. 

Thus , if a network is usually de­
scribed by a second-order differ­
ential equation, the state-variable 
method describes the network 
with two first-order differential 
equations. These first-order equa­
tions are written in terms of the 
chosen state variables and any 
input voltage or curren t sources . 

only one integrating network is re­
quired for each equation . Further­
more, state techniques need not 
be restricted to systems that are 
described only by differential 
equations; they may also be used 
to analyze and design sequential 
machines , switching networks, and 
sampled data systems. The steps 
required for setting up a state­
variable equation are given in de­
tail by Louis dePian in "Analyz. 
ing nenvorks with state variables ," 
[Electronics, Dec. 26, 1966, p . 63] . 

This choice allows the engineer 
to describe the dynamic behavior 
of a network with n first-order dif­
ferential equations rather than one 
nth-order differential equation. 
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The first-order equations pro­
duced by the state-variable tech­
nique are ideally suited to solu­
tion by either analog or digital 
computer. In an analog computer, 
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In thi s case th e friction is assumed negligible, 
xi represents the location of the position con trol 
system, G(s ) = l/s~ represents the transfer func­
tion of the open-loop system, and K,. Km/ R. J = 1. 
In addition , k1 is chosen as equal to 1 to simplify 
the algebra and the value for k2 remains to be 
determined for a minimized performance index. 

Examining the closed-loop feedback system when 
k 1 = 1 produces 

DTP + PD = - I 

[
O - 1 J [ P11 P12] + 

1 -k2 P12 P22 

[
P11 P12] [ 0 1 J [- l OJ (20) 
P1 2 P22 - 1 -k2 = 0 - 1 

Comple ting the matrix multiplication and addition 
of equation 20 yields 

- p12 - P12 = -1 
P11 - kz P12 - P22 = 0 (21) 

P1 2 - k2 P22 + P1 2 - kz P22 = -1 
solving these equations simultaneously produces, 
P1 ~ = 112 , P~2 = l/k~ , and P11 = (k} + 2)/2 k~. The 
integral performan ce index can now be evaluated 
from equation 15. The evaluation of J begin s by 
ass uming a trial displacement for each sta te. F or ex­
ample, assume the sys tem is initially displaced one 
unit from equilibrium so that xT (o) = [1,1]. There­
fore, equation 15 beco mes 

P1?] [1] 
P22 1 

= (p11+ P1 2) + (P12+ P22) = P11+2P12+ P22 (22) 

Substituting th e valu es of the P elements into equa­
tion 22 yields 

k 2
2 + 2k2 + 4 

2k2 
(23) 

To minimize the performance index, the derivative 
of equation 23 vvith respect to k~ is set equal to 0 
as follows: 

Solving equation 24 shows that J is a minimum, 
when the value k~ = 2 is subs tituted into equa­
tion 23. H ence, J min = 3. The system matrix D , 
obtained from equation 7 for the compensated sys­
tem, is then 

D = [ _: _:J (25) 
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Transfer f unctions represent system relationships 
for the phase detector. Input error, e(t) , is the 

9out 

algebraic product of the two sine terms. When 01n-Oou1 is 
less than 0 .5 radian, e(t) becomes equal to the algebraic 
sum of 01n and Oou• and the multiplier stage of the top 
diagram is replaced by a summer. 

-1 

Compensated network for the phase detector is 
represented by a signal-flow graph . When the gain, 
K, is set equal to 1 the system is optimum. 

e 
ou t 

and the characteris tic equation of the compen­
sated system is equal to 

clet [AI - DJ = clet [f.. - l] 
1 t.. + 2 

= f.. 2 + 2f.. + 1 

(26) 

The characteris tic equation is of the form (s~ + 
2~w 11 s + w~ 11 ) since thi s is a second-order sys tem. 
By examining equation 26 fo r coeffi cients the 
dampin g ratio of the compensa ted sys tem is ob­
served as ~ = 1.0. Thi s is considered to be opti­
mum because it results in a minimum valu e for 
the performance index. Of course, this sys tem is 
on ly optimized for th e spec ifi c set of initial condi ­
tion s that were as sumed. A fl ow graph of the 
compensated sys tem is illu strated in the lower 
drawing on page 10-1. Th e sys tem is relatively in­
sensitive to chan ges in k~. 

Designing a phase detector 

A phase-lock system, for color television, missile 
tracking, and space telemetry , is des igned to main­
tain zero-phase difference be tween th e input carri er 
signal and the local voltage-controlled oscillator 
(vco). Such a system is represented in block-dia­
grams shown above. The filter is des igned to pro­
vide a narrow bandwidth for the sys tem and reduce 
the effect of input noise at th e output of the vco. 
The multiplier stage of the circuit forms an error 
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Error e(t) is reduced to within 0 .08 radian after 2 seconds 
and phase lock is achieved within 8 seconds. 

signal, e( t), that is equal to the product of sin 
(wet + (} in ) and sin (w t + Bout). The upper sideband 
signal resulting from the multiplication is neglected 
because it is at a frequency mu ch higher than the 
b andwidth of the detector. Under this assumption, 
the result of the multiplication is 

e (t ) = in (8in - Bout) (27) 

If the phase error, e( t), is sufficiently small (less 
than 0.5 radian) the error can be approximated as 

e (t ) = Bi n - Bout (28) 

D etermine the gain of the amplifier, K, needed to 
optimize the performance of the detector. The 
p erformance of this closed-loop system is charac· 
terized b y its ability to reduce phase error e( t) 
to zero when the initial condition of the vco is 
different from the phase of the input signal. This 
condition may be represented by an initial condi­
tion 8 out (o) = 0.5 radian a t time t = 0 . Then, 
for an input signal with a phase equal to zero 
radian, the initial error is 

e (o) = Bin (o) - Bout (o) 
= -0.5 radians (29) 

A How graph of the sys tem, on page 105, helps 
to determine the state-variable equations. In this 
example the state variables are chosen as the out­
put of the integrators and determined from the 
following set of firs t-order differential equations : 

dx1 
dt = X2 

dx2 cit = -Kx1 - x2 

in matrix form, equation 30 is expressed as 

dx - =Dx dt 

where the matrix for D is given by 

D=[_; _:J 

(30) 

(31) 

For this system, equation 29 is expressed as 
e(o) = -x1 (o) = - 80ut ( o) = - 0.5 radian. It is 
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assumed that x2 ( o) := 0, and the performance in­
dex of the system is determined from equation 15 
to be, 

J = xT (o) P x(o) 
Since xT(o) = [0.5, OJ, 

J = xT(o) [ P11 P12] [ X1(0)] 

P12 P22 0 

[
PJJ X1(0)] 

= (x1(0), o] =puX12(o) 
P12X1(0) 

(32) 

(33) 

To minimize the performance index J with respect 
to the gain K, the value of the element Pll must 
be obtained using equation 20. Thus, 

DTP + PD = - I 

[
O - I\] [Pll P12] + 
1 -1 P12 P22 

[
P11 P12] [ 0 1] [-1 OJ (34) 
P 12 P 22 -K 1 = 0 - 1 

This matrix equation yields the following three 
equations: 

2K P12 = 1 
P11 - P12 - Kp22 = 0 

2p12 - 2p22 = - 1 
from which the designer obtains p 11 as 

1 K 1 
P11=y+2+2 

(35) 

(36) 

Substituting p 11 into equation 33 results in an ex­
pression for J: 

J = ( 2~f + ~ + -~ ) X1 2(o) (37) 

where x1
2 (o) = 1/4. Taking the deriva tive of J with 

respect to K leads to 

_j_J = X1
2
(o) (--1-+ l) = Q 

dK 2 K2 

and therefore, minimum J is obtained when K = 1 
and results in 

J = (3/ 2) X12(o) 
A plot of the normalized performance index 

J/x1
2 (o) versus the amplifier gain K can be ob­

tained from equation 37. The transient response of 
the error e ( t ) is shown above. Note that the error 
is reduced to within 0.08 radian after 2 seconds 
and phase lock is established within 8 seconds. 

Although these examples are amenable to com­
puter calculation, they would most likely be eval­
uated by manual techniques. The prudent designer 
saves the computer for complex systems. 
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Circuit design Designer's casebook is a regular 
feature in Electronics. Readers are invited 

Designer's casebook 
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. 

Diode's resistance variation 
stabilizes signal amplitudes 

By F. Giannazzi 
Societa ltaliana Svilu ppo Propulsione a Reazione 
Rome, Italy 

A voltage-controlled oscillator's output amplitude 
is stabilized over its frequt>ncy range by a circuit 
that applies a junction diode's dynamic resistance 
variation. Th e circu it acts as a nonlinear res istive 
divider whose output va ries inversely with input 
changes. 

Diode D 1 and capacitor C 1 detect the input, 
V1, which is the vco's signal amplitude. The input 
is also applied through capacitor C2 to the resis tive 
divider formed by R2 and R,i, the dynamic res istance 
of diode D2. 

Th e amplitude of the ou tput signal, V 2, is a func­
tion of V1 and R,1. The diode dynamic res istance 
varies inversely with bias current. This bias cur­
rent is es tablished by kV i, the detected voltage at 
node B ( k = detector effici ency ). 

\Nhen V1 is res tri cted to small values (about 
0.5 volt), k is not a constant, but increases with 
V1• Thu s, an increase in V1 has two opposite, but 
unequal, effects on V 2• The increased voltage, Vi, 

C2 

1 

oi'~.-µ-f -+------------10~\µ .... 1-- @ 

.. D1 } R2 

...i FD100 )> 39k 
(FAIRCHILD) 

0.1µf 

(§) ...._-A~-~Y~W-----+--~~(---;-l 
33k 

v, ~ 22k 

:;:c, + 02 
0.1 uf FDtOO V2 

(FAIRCHILDl ! 
Oscillator's output, V,, is stabilized by variations 
in dynamic resistance of D,. Voltage V2 is the 
oscillator output after stabil ization. 
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at node A causes V2 to increase. H owever , the 
increase in kV 1 at node B increases D 2's bias cur­
rent and redu ces R,1 proportionately. This cau ses a 
decrease in V 2 . The drop in Ra more than com­
pensates for the increase in V 1 a t node A. The net 
result is a drop in V2 . Conversely, a decrease in V1 

produces an increase in V2• 

To ensure proper circuit operation, V2 should 
b e about 10 millivolts. If the circuit is a feedback 
branch of an oscillator loop, the forward branch 
should have a gain of 50, to compensate for the 
attenuation of V 1 by this circuit. 

Two flatpacks furnish 
pulses for IC testing 

By M.V. Pitke 
Tata Institute of Fundamental Research 
Bombay, India 

Two integrated circuit flatpacks are the only active 
circu it devices required to produce pulses of vari­
able width and repetition rate. The output levels 
are compatible with diode-transistor logic (DTL) 
and transistor-transistor logic (TTL), and yield an 
inexpensive source of test signals for the occasional 
user of re's. 

The circuit consists of an oscillator and a mono­
stable multivibrator. The multivibrator's pulse 
repetition rate is es tabli shed by the oscillator fre­
quency, and the output pulse width is controlled 
by the multivibrator. 

Three inverters , G 1, G2, and c~, are connected as 
a push-pull oscillator whose frequency is con­
trolled by the capacitors C 1 and potentiometer P 1. 
Because the capacitors load the inverters heavily , 
the oscillator output is di storted, and G4 is needed 
''.l reshape the output to the desired waveform . In ­
verter G/s threshold characteristics produ ce a 
square-wave train for triggering the multivibrator. 

Two inverters, G0 and G6, from a TTL flatpack 
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form the monostable multivibrator. Capacitor C2 

and potentiometer P~ are coarse and fine controls 
of the output pulse width . The output goes from 5 
to 0 volts, with a 6-volt supply, and the circuit 
output impedance is sufficiently low (approximately 
120 ohms) to drive a number of gates in parallel. 
By adding an additional inverter to the chain, posi-

Integrated gates form 
fast monostable multivibrator 

By Paul Sandland 
University of t he West Indies, Kingst on, Jamaica 

Three of the four N AND gates in a single integrated 
circuit form a fast multivibrator whose output 
pulse width is independent of the input pulse width 
and insensitive to changes in supply voltage. In 
addition , the reverse supply voltage is never ap­
plied to the gates as in a conventional circuit-a 
possible cause of transistor breakdown. 

U oder quiescent conditions, the logic relations 
for the gates are: 

X2 = Za = Z1 • Z2 = Y ~ • X :i = Xa • X3 = 1 
H ence, X1 = X2 = Z:~ = Y:i = Z1 = 1 

Xa = Yi = Y 2 = Z 2 = 0 
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Inverter G, shapes th e output of oscillator G,, G,, 
and Ga for triggering monostable mult ivibrator G. 
and Go. Frequency of oscillator signal determines 
output pulse repetiti on rat e. 

tive pulses are obtained. 
With values of C 2 ranging from 68 picofarads to 

1 microfarad, pulse widths from 30 nanoseconds to 
about 2 milliseconds are obtained . Pulse repetition 
rates between 12.5 megahertz and 500 hertz arc 
possible with C 1 capacitor values that range from 
10 pf to 1 µ. f. 

vVhen X1 receives a negative pulse, X~ and Z2 

switch to the 1 state. As a result, Z:1 and X2 swi tch 
to the 0 state. After the Xi negative pulse is re­
moved, Xa remains at 1, since X2 is at 0. 'Vith Y~ 
switched to 0, capacitor C discharges toward 0. 

vVhen the voltage at Z1 reaches 0, Z3 switches 
back to 1. Thus X:1 returns to 0 and applies feed-

OUTPUT OUTPUT 

SL lJ 
X,Y and Z are 3 of the 
4 gates of a Sylvania SG 223 

Complementary outputs are obtained when a negative 
pulse is app lied to X •. 
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back to Z2, causing it to switch states. Capacitor C 
recharges through R to the 1 state, and the cycle 
is completed. 

Complementary outputs, isolated from the timing 
components, R and C, are available from X3 and 
Z3 • The minimum output pulse width is less than 

Npn amplifier delivers 
fast, high-voltage pulses 

By David Perlman 
Eastman Kodak Co., Rochester, N. Y. 

An amplifier delivering a train of high voltage, high­
duty cycle pulses to a capacitive load must have a 
low output impedance to transfer the charge rapidly 
to and from the load. An emitter follower is not 
suitable for this application, because transistor 
turn-off at the end of the pulse presents the load 
with a considerably increased impedance. 

If a complementary emitter follower is used, the 
desired output impedance is obtained. In this cir­
cuit, the load charges through pnp transistor QA 
and discharges through npn transistor QB with 
essentially equal time constants. However, the 
maximum pulse amplitude that can be handled is 
limited by the breakdown voltage of transistor 
QB, since the breakdown ratings of pnp transis tors 

50 nanoseconds, and the rise and fall times are less 
than IO nsec. With a 1 level of 4 volts and a 0 
level of less than 0.45 volt, the period of the mono­
stable is 1.4 RC. To meet the current requirements 
of the gates shown, (2.5 milliamps input in the zero 
state), R should not exceed 220 ohms. 

+ v 

Complementary emitter-follower conf igurat ion is often 
used as a low-output-impedance pulse amplifier. 

are usually lower than that of npn transistors. 

c 

The amplifier shown below uses only npn tran- · 
sis tors, providing high-voltage operation and offer- · 
ing output impedance characteristics equivalent to 
those of the complementary emitter follower. Tran­
sistor Q1 is a common-emitter amplifier that drives 
the Darlington combination of Q2 and Q3 , a high­
current-gain emitter follower. Resistor R2 reduces 
the loading at Q1 's collector. by bootstrapping the 
emitter follower input. 

The amplifier's output impedance is controlled 

0 .05 I. 
µf 

100,uh 

100,uh 

00~ 

200 

lOOk LO AO 

R, 
510 ALL TRANSISTORS' RCA 40264 

c, 
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Differentiating circuit, R, and c, delivers a positive spike to transistor Q, at the end of the input pulse. 
The saturated t ransistor provides a low-impedance discharge path for the capacitive load. 
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by dilferentia ting circuit R 1 and C i, connected 
across the input, and transistor Q4 , which shunts 
the capacitive load. For each input pul se, the dif­
feren tia ting circuit transmits a pair of alternate 
negative and positive spikes to the base of Q4 • 

The negative spike, corresponding to the leading 

Voltage-tuned oscillator 
measures filter cutoff 

By James M. Kasson 
Santa Rit a Techn ology Inc., Menlo Pa rk, Calif. 

A filter 's cutoff frequency is quickly and auto­
matically determined by a voltage-controlled oscil­
lator (vco) arranged in a feedback loop with two 
detectors that measure the filter's output and input 
levels. ·when the d ifference between th ese levels 
falls off to a specified value (usually 3 decibels), 
the vco frequency equals the fi lter's cutoff value 
and can be measured with a meter. 

When testing a low-pass filter, detector A1 pro-

FREQUENCY 
METER 

edge of the input pulse, reverse-biases h·ansistor 
Q4 and cuts it off until the end of the input pulse. 
At this point, the positive spike, corresponding to 
the input pulse's trailing edge, d rives Q4 into 
satura tion. This provides a very low impedance 
discharge pabh for the load capacitance. 

vides a positive signal corresponding to the fil ter 
input level, and detec tor A2 provides a negative 
signal corresponding to the fil ter output level. These 
vo ltages are applied to potentiometer P 1 at points 
A and B. The adjustable arm of P1 is set so that 
a nu ll exists at the inpu t to integrator A3 when 
the fi lter ou tpu t is 3 db less th an the input. (A 
fi lter insertion loss of 0 db is assumed.) 

As an example of circuit opera tion, consider that 
the fi lter is re tuned to increase its cutoff frequency. 
The inpu t to the integra tor goes negative, causin g 
the integrator's output to b ecome more positive. 
This signal is applied to the vco, causing its fre­
quency to increase. If the potentiometer is ad­
justed for 3 db, the new vco frequency equals the 
cutoff frequ ency. 

For tes ting high-pass filters, the positions of the 
positive and negative detectors are reversed. 

VO LTAGE- Fl L TER 
CON TROLLED t---~>--------------. UNDER TEST 0---------------~ 
OSCILL ATOR (LOW PASS) 
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Voltage-controlled osci llator adjusts its out put 
frequency in response to signals from 
integrator Aa. Potentiometer P, is set so that 
t here is a null at t he integrator input when 
t he fi lter' s out put is 3 db less than its input. 
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A 1 = A 2 = A 3 = NEXUS SQ· IOA 
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Space electronics 

Integrating space telemetry systems 
with compatible thin films on silicon 

Conventional IC's can 't perform. as well as discretes in telemetry 

gear-but two new families of circuits combine the best features 

of monolithic and thin-film technology to improve airborne systems 

By D.P. Schulz and D.J. Dooley 
TRW Systems Group, Redondo Beach , Cali f. 

Al though the motivation for applying integra ted 
circuits in aerospace telemetry systems is strong, 
the potential advantages of reduced size and weight, 
improved reliability, and lo"ver maintenance costs 
can't be realized in such systems through the use 
of conventional techniques. 

For example, the weakest links in telemetry sys­
tems won't be strengthened b y merely substituting 
integrated circuits where discrete component cir­
cuits are now used. Ic's just cannot perform as well 
as conven tional components in telemetry fu nctions 
like comparators and commu tators. 

The bes t approach is to eliminate the weak links 
and reorganize the system around new kinds of 
integra ted circuits. 

The authors 

Donald P. Schulz is currently 
responsible for integrated circu it 
applications at TRW Systems. A 
UCLA graduate, he has worked with 
semiconductors for the past 8 years, 
concentrating on evaluation , test ing, 
development, and product ion . 
Schulz has written 15 articles 
on semiconductor device 
applications. 

Daniel J . Dooley, TRW project 
eng ineer, has completed work fo r 
his MS in electr ical engineering at 
Cali fo rnia Stat e College. Dooley is 
responsible for the design and 
fabrication of monolit hic and hybrid 
IC's. He also specializes in high­
frequency circui try and spacecraft 
data-processing systems. 
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THw Systems group has developed two new 
families of compatible re's which combine the low 
cost and reliability of monolithic silicon devices 
with the precision and flexibility of thin- fil m tech­
nology. The families are used to compare and com­
mutate transducer signals under control of logic 
re's that are off-the-shelf items. 

One of these families is based upon a gated dif­
ferential comparator ampl ifi er. This type of circuit 
does the job of both comparator and commutator. 
The second circuit fami ly is a NA~D-type voltage 
level shifter that provides the interfaces needed 
between the signal channels and the remaining ele­
ments of the telemetry system. 

Monolith ics plus th in-film 

The families are called compatible because of 
the way they are made-as monolithic re's contain­
ing both npn and pnp transistors, with thin-film 
res istors deposited on the silicon crystal substrate. 

The resistors are of cermet or nichrome films, 
deposited directly on silicon by a technique de­
veloped at rnw to produce highly stable and 
accurate resistive elements. This construction im­
proves electrical performance and permits numer­
ous variations in circuit design. In addition it is 
relatively inexpensive to make because the active 
elements are treated as basic building blocks which 
can be modified by changes in the thin-film devices. 

Many re's in the compatible family can be mated 
with off-the-shelf digital units such as diode-transis­
tor logic ( DTL ) or transistor-transistor logic ( nL), 
keeping the linear-digital interface to a minimum. 
The level shift circuit elements provide enough 
output amplitude to connect directly with discrete 
semiconductor stages, such as driver networks and 
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Conventional telemetry syst em (top) uses a single comparator to process analog signals from the scanner (multi­
plexer) and t he digi tal -to-ana log converte r. Malfunction of th e comparat or renders the entire s.ystem inoperable. When a 
mu ltiple-gat ed multiple-comparator scheme is employed, t he ensuing redun dancy makes the system more reliable. 

buffer amplifiers. 
In the design with integrated circuits, th e wea k­

nesses of the conventional sys tem are eliminated by 
assigning a complete signal channel, with its own 
comparing. commutator, and level shifting circuits , 
to each signal source or tran sdu cer. This redun­
dancy means that the telemetry sys tem is more reli­
able- even if one channel fails, the others will 
continue to operate. 

Why compatibility is needed 

Off-the-shelf monolithic 1c's cannot b e used ex­
tensively in telemetry designs, primarily because 
many of the required circuit b locks just aren't 
availab le. Size and weight can be somewhat re­
duced, but the increase in complexi ty offsets those 
advantages. In addition, the mere su bstitu ti on of 
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monolithic replacements docs not overcome per­
formance limitations in the conventional ( discrete 
component) system, shown in top diagram, above. 

There, a commutating-type multiplexer, with a 
single comparator, is used. If the comparator breaks 
clown, the entire sys tem becomes inoperable. A 
mu ltiple-gate<l , multiple-comparator system, im­
plemented with standard 1c's improves system per­
formance and reliabi lity, but such a scheme is not 
eas ily fabricated with ordinary monolithics. 

On the other hand, the compatible approach is 
amenable to this multichannel switching and proc­
essing redesign . The circuit needs of the multiple 
approach-compara tors , switching, level shifting, 
current sourcing, etc.-can b e implemented with 
the basic compatible 1c blocks. In many cases the 
only changes required are those of resistor values 
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and the number and configmation of active devicP<:. 
Thus, economy and flexibility are attendant, reli­
ability is higher, time-sharing is more extensive, and 
over-all performance is more accurate and precise. 

Common elements of telemetry systems 

Typically, a conventional telemetry signal con­
ditioning and processing scheme includes a single, 
multiplexed comparator- usually servicing input 
channels from several transducers; a staircase or 
sawtooth reference voltage generator; a data stor­
age register; control, and sequence logic circuits. 

These elements sequentially compare an analog 
input voltage to an internally generated reference 
voltage, convert the resu lt into a digital number, 
and provide temporary storage of the input data. 
The output may take several forms-serial and/ or 
parallel; pulse-amplitude modulation ; pulse-dura­
tion modulation ; binary-or combinations of these. 

Most high-speed ( > 1 megabit per second ) sys­
tems employ a data conversion technique known as 
th e method of successive approximation . It sequen­
tially compares each analog input voltage from th e 
transducer with a fraction of the reference voltage 
to minimize total conversion time. Converters of this 
type are only economical when used with a mul­
tiplicity of input channels. Time sharing of th e in­
put compara tor requires an analog commutator 
which sequentially connects the various input volt­
ages to the converter. A representative commutator 
consists of a se t of analog voltage switches with 
their associated drivers, a timing generator, several 
d-c buffer amplifiers, and control logic circuits. 

Although parts of the svstem can b e implemented 
"vith commercially available digital integrated cir­
cuits (such as DTL) several critical circuit elements 
have only recently b ecome amenable to microcir­
cuit fabrica tion . These include the comparator amp­
lifier , the interface digital circuits, and the di .gital­
to-analog converter circuits- a 11 fairlv complex 
units; they have not achieved off-the-shelf status. 

IC's overcome weaknesses 

The previously described sys tem suffers from two 
major disadvantages. The primary one arises from 
signal errors introduced b ecause of excessive volt­
age drops and leakage currents in the input analog 
switches . The voltage drops are du e to losses in 
the o~ (sample) input channel. Leakage curren ts 
are simultaneously flowin g in the remaining (oFF) 
input channels. 

The second limitation relates to system depend­
ence upon th e performance of a single comparator. 
If many gated comparator elements were used in­
stead, the system would b e independent of any one 
comparative channel, and therefore, less critical . 

The new approach uses differential comparators 
but does not need the input analog switches. A mul­
tiplicity of active (diode-gated ) independent in­
put channels are also employed . Logic circuits, in­
stead of a commutator, gate the inputs sequ entially 
and the resulting redundancy (due to the multi­
plicity ) increases over-all system reliability, as dis-
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played in the lower diagram on page 112. 
Power ga ting between the system power supply 

and the input channel comparator amplifier is used 
so that only one channel is on at a time. Thus, 
total power dissipation is essentially the same as 
with the multiplexed single comparator method. 
System complexity is increased, but this is more 
than offset by the inherent advantages of size, 
weigh t, and in creased reliability offered by the 1c's. 

Critical comparator 

The differential comparator, detailed on pages 
114-115, is a critical element in the integrated telem­
etry sys tem. It accura tely resolves signal differences 
and provides a lin ear output level ind icating which 
of two input voltages is greater. Analog input E ,. is 
a s ignal ranging between 0 and 5 volts; reference 
signal Er covers the same range. 

The circuit consists of three cascaded direct­
coup!ed differential amplifier stages working into 
a single-ended output. An external load resistor of 
1.4 kilohms and a pnp level-shift stage are con­
nected to the output of this monolithic structme 
to help maintain a minimum over-all gain of 15,000. 

To simplify the IC design and provide for mul­
tiplexing of outputs, the pn p output stage Q14 is 
an external transis tor chip. This transistor also pro­
vides a shift in level which permits the output to 
swing b etween 0 and 15 volts. 

Althou gh a small input bias current, less th an 400 
nanoamperes, was one circuit requirement (to pre­
vent loading errors), it was decided not to use a 
Darlington input stage b ecause of the in crease in 
thermal sensitivity and higher offse t usually encou n­
tered with the Darling ton. In addition , with the 
Darlington configuration, innut impedances and in­
put currents vary as the produ ct of the current gains 
of th e compounded devices. 

Current sources galore 

Common-mode bias ing of th e differential stages 
is accomplished by a constant-cu rrent source in th e 
emitter of each stage. The current source utilizes 
th e high output impedan ce of a transis tor opera ted 
in the common-base configuration. Performance of 
the criti cal first stage (Q1-QJ is improved by 
current source Q9 using a diode-connected transistor 
( Qio) in the base potential divider to provide tem­
perature compensa tion. Because high b eta devices 
are used, the collector current of constant-current 
source Q9 is determined by the voltage drop across 
emitter-res istor R11 . Therefore, if the b ase-emitter 
junction of Q10 tracks the base-emitter junction of 
the current source device, temperature compen­
sation is accomplished. 

An additional constant-current source, Qi 1 , pro­
vides additional biasing for other stages. This is 
achieved by dropping a portion of the B+ supply 
voltage across resis tor R4 • There is a slight increase 
in power dissipation, but the method is more stable 
and less expensive than conventional (res istive) po­
tential dividers. 

Fault orotection from sys tem malfunctions is 
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furn islwcl hy diode-connected transistors Q7 and 
Q8, and resistor R1. If the analog input rises above 
the breakdown limits of the emitter-base diode of 
Q8, the device goes into avalanche breakdown and 
the current is shu nted to ground: this current is 
limited by th e lK resistor , R 1• A typical value 
of avalanche breakdown for Q7 (and Q&) is 8 volts . 
If the analog input is a negative-going signal, diode 
Q. becomes forward b iased and again protects the 
input stage. Diode Q7 prevents current fl ow to 
ground throu gh the pm,·cr supply. 

The comparator can be turned off by disconnect­
ing the B- voltage. During the OFF condition all 
current sources, including the active level shifter, 
stop conducting. The only existing current path 
from the B_L sunnly is through these current 
sources; th erefore the comparator consumes mini­
mum power. Tlw B- voltage is removed wirh a 
special-purpose level shifter, which is described 
on page 116. 

Multiplexing options 

A single-ended ou tput is taken from the collector 
of Q11 • Th e comparator is used as a single circuit; 
the ontputs of several comparators may also be 
multipl exed. One arrangement for multiplex ing the 
ou tputs appears in schematic form on this page. 

Th e gated comparator amplifier has the follow-
ing characteristi cs: 

resolution : L 0.5 mv 
voltage gain : - 15,000 
input offset voltage: L ± 1 mv 
input offset curren t : ~ 200 na 
common-mode input voltage : ~ 5 v 
comparison delay : < 1 ,_,.sec 
power dissipation : L 55 mw 
This is attributable to the combination of active 

devices with compatible thin-film elements. All re­
sistors are thin film (s ilicon monoxide, chromium ) 
cermet, deposited with resistivities of 300 ohms 
per square upon the active silicon substrate. 

The thin film exhibits an absolute temperature 
coefficient of less than 100 parts per million / °C. In 
addition, parasitic effects are minimized by op­
timizing active device diffusions, rather than mak­
ing tradeoffs to obtain desired resistor characteris­
tics. The diffu sion cross section and equivalent 
circuit of the monolithic silicon stru ctme used in 
this circuit appear a t the bottom left of page 116. 

The level shift gate 

Interfacing problems in the IC telemetry sys tem 
are overcome by a low power. level-shift gating 
circuit. For example, positive on tput levels ( typic­
ally 4 volts here) must be made negative to drive 
several p-type telemetry circuits. The la tter include 
p-channel MOS follow-and-hold ci rcui ts, gates of 
FET-input multiplexer switches, current switches, 
and the power (B-) gate of the compara tor. 

In general, the level shift circu it must provide 
the necessary amplitude and / or polarity transla­
tions between the ou tputs of comm ercia lly available 
microcircuit logic elements and the bipolar input 
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Comparator: makeup and purpose 

Chip coml1ines monolithic and thin-film IC elements 

FOLLOW AND 
HOLD (OPTIONAL) 

~ r----1 

CO MPARATO RS +15v 

! 1.4 k 

EI _!_/c.,___.___ 
I I 
I II 

EXTERNAL pnp 
OUTPUT STAGE 

I I 
L __ _:_J 

TO OTHER { I I COMPARATOR I 
I OUTPUT I 

: I I GROUPS _J 

I -4v I 

~~-·-REFERENCE LINE 

Multiplexed comparators provide redundancy 

Differential comparator chip in t he phot o contains 

TO 
LOGIC 

npn transist ors and t hin -f ilm resistors. Ext ernal pnp-npn 
piggyback stage and load resistor (s.hown in t he 
schemat ic at the t op of the opposi te page) shifts 
amplifier out put level. The three differential amplifier 
stages, current, sources, and diode-connected t ransistors, 
and resist ors R, t hrough R,, are fabricat ed on a 0 .09-
by 0 .07-inch substrate (as shown in the layout at the 
bottom of the oppos.it e page) . Multiplexing of comparators 
(disp layed above) is achieved by power gat ing. The 
8 - supply t o each is switched on and off by 
standard IC multiple-input gat es (represented here 
by ordi nary switches.) . Fol low-and-ho ld circuit provides 
a memory or delaying function, if des ired. 

Electronics I June 26, 1967 



E, 

(E 0 ) IN 
E2 

E3 

lE, )IN 
E4 

C Rl3 

.----

E2 
~ 

ES 
E6 

E7 
8+ 1.4K 

OUT 

-

R11 
Schematic of 

19.7K differentia l comparator 

E9 amplifier circuit. Qi-Q1s 
are monolithic 

E10 transistors, Q .. - Q,. stage 
GR D is outboarded pnp level 

E12 
8

_ shift. 

R15 
F1 R12 

R4 

l 
J D 

l.l JDill D 

llt=.lJI 
D 

ElO 

El
2 I I l[QJI I [OJ I I[] I l[m [m [fil .__I _ ____,, 

IDDll I 
Thin-film cermet resistors are deposited on the substrate. These are more stable and accurate th an diffused 
resistors, and are particularly advantageous in high frequency (> 100 Mhz) app li cations . 
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voltage levels required of the various telemetry 
circuit elements. For example, with the differential 
comparator amplifier, gating of the analog inputs 
must be achieved by a level shift action . This "selec­
tive switching" lowers total power consumption 
and reduces offset errors . 

With minor modifications of the one basic con­
figuration this level shift can be used in d-a con­
verters and sample-and-hold circuits. Among the 
advantages of such an all-purpose microcircuit are 
design flexibility and lower costs for masks , tooling, 
and production. Moreover, device and circuit per­
formance of digital Ic's can be optimized. 

Off-the-shelf IC's are unsuitable 

Standard off-the-shelf digital Ic's cannot be used 
for the master circuit, because the attendant level 
translation requirements differ. For example, the 
positive output voltages available at the digital 
portion of the system logic do not satisfy the nega­
tive voltage level requirements of the comparator 
amplifier and the gate of the p-channel MOS-FET 
used in the sample-and-hold circuit. A special IC 
must be fabricated ; also, compatibility with exist­
ing IC logic families-DTL, TTL, RTL-is desirable. 

Generally, level shifting can be accomplished 
with one of the following elements: 

• A voltage-dropping series resistor. 
• A series zener diode. 
• A pnp transistor. 

Use of a voltage-dropping series resistor imposes a 
severe tolerance problem on the value of the resistor 
and is wasteful of power. 

Zener diodes are only available with specific 

E B c 

P SUBSTRATE 

CROSS - SECTION 

EMITTER SUBSTRATE 

EQUI VALENT CIRCUIT 

CERMET 
RESISTOR 

Junction isolation is used between npn elements in the 
chip. These npn trans.istors form the differential amplifier 
stages of the comparator and are closely matched. 
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nominal voltage ratings that are characteristic of 
the impurity profiles used in their fabrication. Close 
tolerances at low voltages are difficult to maintain. 

Compatible monolithic npn-pnp structures having 
comparable electrical characteristics are not eas ily 
fabricated , but this method provides the most satis­
factory solution to over-all circuit performance. 
Because the biasing polarity requirements of the 
pnp transistors are opposite to those of the npn 
transistors , the level shifting is accomplished auto­
matically. In addition, the fabrication of npn ele­
ments on the chip consumes less space than the 
resistor method and poses less severe tolerance re­
quirements than the zener construction. 

Compatible pnp-npn shifts 

Several feasible circuit configurations employing 
compatible npn-pnp stmctures are shown below. 
Level shifting is achieved in both cases with one 
pnp transistor. Input gating to the level shift 
stage is accomplished with off-the-shelf DTL or TTL 
re's. In the lower configuration minimal device re­
quirements of the side-diffused pnp level shift 
transistor exist and, only one pnp transistor is re­
quired per three gates. Also, the parasitic capaci­
tance arising from the base-to-substrate isolation 
of the side-diffused pnp does not adversely affect 
the switching time for this common-base circuit 
configuration . 

The diffusion cross section and equivalent circuit 
for the sh·ucture actually used are seen in the photo 
on page 117. The isolation junction is formed be­
tween the base and substrate of the pnp transistors 
and the collector and substrate of the npn transis-

ONE pnp PER 
INPUT GATE 

VrN 

ONE pnp FOR 
MULTIPLE INPUTS 

8-

Level sh ifting is ach ieved by using a compatible 
pnp-npn integrated design . Lower configuration 
is preferab le because side-diffused pnp 
structure is easier to fabricate than separate 
transistor of upper configuration 

Vour 

8-
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Compatible pnp-npn structure calls for fabrication side by side. Isolation is between collector of npn transistor 
and base of pnp transistor through the common substrate. 

tors. Parasitic pnp action in the negatively biased 
substrate can arise in either type of device and 
must be reduced. Precautions include selective gold 
diffusion to cut the carrier life time in the vicinity 
of the npn devices, and insuring that the epitaxial 
collector thickness is sufficiently wide with respect 
to the lateral emitter-to-collector spacing of the 
side-injection pnp. The location and concentration 
of the gold diffusion must be controlled to maintain 
a reasonably high lateral pnp current gain. 

Minimum collector-to-emitter spacing and cor­
responding effective base width of the lateral pnp 
device are largely determined by the dimensions 
and tolerance of the npn base photoresist and su bse­
q uent diffusion depth. Thus, extremely narrow pnp 
base widths (necessary for high current gain struc­
tures) are difficult to produce. 

The "piggyback" npn is a convenient method for 
increasing the apparent current gain of the lateral 
pnp structure. The effective current gain of the 
lateral npn-pnp combination pair is then approxi­
mately equal to the product of the individual device 
current gains , and the circuit operates satisfactorily 
with nominal common-emitter current gains ap­
proaching unity for the lateral pnp device. 

Looks like DTL NANO gate 

The basic level shift circuit most capable of 
meeting the special-purpose digital requirements 
for various microelectronic telemetry system ap­
plications is displayed at the top of page 118. The 
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circuit closely resembles a dual, 3-input, modified 
DTL NAND gate. It consists of an input diode gate, a 
common-base pnp-npn combination level shift stage, 
and, an npn output inverter. Separate, positive 
power supply terminals permit clocked B+ and 

Continued on page 120 

£c1 
_ . ...J 

£31 I 

Level shift gate, a master circuit in the IC telemetry 
system, in chip and wafer forms. 
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Master level-shift gate configuration offers flexibility 
INPUT 1 (Al E1 + 4v 

IN PUT 2 (A) E2 (CLOCK EDI 
E12 

INPUT 3 (Al E3 

E13 
E4 

E14 
ES 

+ 4v 

E15 
E6 

R4 
15 k E16 

GND E7 

EB 

E17 
E9 

R6 
15 k E 18 

OUTPUT 1 (A) E10 

07 

OUTPUT 2 (A) E 11 

Here it's a dual, 3 -input, modified DTL gate . .. 

3.7 k 

3.7k 

Now a buffer amplifier ..• 

Minor modification of interconnection pattern and number 
of elements on pnp·npn level shift yields a variety 
of circui t functions. Photo exhibits the 0.70· by 0.90-inch 
layout of this versatile circuit. The basic current-mode 
configuration of the level shifter is a NANO gate shown in 
the top schematic. Resistor and interconnect patterns can 
be altered to make it a buffer amplifier, a sample-and-hold 
network, and a gate amplifier for a comparator. 

B-
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Then a sample -and-hold circuit . . . 

INPUT (A) E I--~ 

INPUT 2 (A) E 2 

E3 ---~....::i~--.AJ~J'..-e~.~A~ ..... ~ 

E 10 I 
I 

E 5 
E 11 I 

I 
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E12 

TO AMP LIFIER E 8------.J 
GATE OU TPUT 

Telemetry IC characteristics 

Level shift gate 

15k 

I 
E 13 I 

E14 I 
I 

EI S I 
B- I 

logic function .. . .... . ..... ..... . = dual, 3-input NANO 
propaga tion delay . . .......... . . ~ 350 nsec 
input loadi ng current . .... . ... .. ~ 200 ua 
output driving current. ....... . . ~ 8 ma 
output vol tage range .. .. ....... = 0 to ± 15 v 
power dissipation ~ 1 mw/ gate at 4 v 

Sam ple-and-hold circuit 
logic function ..... . ............. = dual , 3 -input NANO 
propagation delay .... .... ...... ~ 1 usec 
input loading current ........... ~ 200 ua 
output ON impedance .. ... .. . - ~ 650 ohms 
output OFF impedance . .. . .. . . -~ 10 10 ohms 
power dissipation . . ..... . ... .... ~ 1 mw/ gate at 4 v 
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Finally, a level -shift gate amplifier 

Voltage reference IC characteristics 

Gated cu rrent source 
reference current. . . ... . . . . . . ... = 1.28 ma 
reference voltage .. . ........ . . .. = 6.20 v 
accuracy . . ..... . ....... . .. ..... -~ 0. 2% 
rms error, E0 • •••• • • •• ••••••• •• •• ~ ± 0.6 mv 
power dissipation . .... . . ... . . ... ~ 12mw/ gateat + 15v 

Ladder adder (8-bit) 
res istor tolerance ...... . .... . .. . ~ ± 0 .5% 
resi sta nce ratio ........ . ... .. .. . ~ 0 .25% 
temperature coefficient ....... .. ~ ± 15 ppm 
temperature tracking ........... ~ ± 5 ppm 
ladder impedance . .. ..... . .. .. . = 2 K 
power dissipation ..... . . .. ...... = 80 mw at 5 v 
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Voltage reference signals are formed by the 
ladder adder. An 8 -bit element, it is fabricated on 
a 0.210 x 0.230-inch substrate using thin·film 
nichrome resistors on a glazed alumina substrate. 

standby mode operation. 
Since in most applications the power output in­

verter is switched both positive and negative, the 
substrate must be biased more negative than the 
peak negative voltage appearing at the inverter 
collector. This is accomplished by connecting the 
substrate Lo the B- terminal. The universality of 
this configuration is evidcn t ; minor modification in 
resistor values and interconnect patterns make it 
suitable as a power gate and pnp output stage, a 
MOS-FET driver, and a buffer amplifier for sample­
and-hold applications. 

As a power gate and pnp output stage combina­
tion, the circuit is used with the gated compara­
tor amplifier. Typical characteristics of these IC 

elements are summarized in the table on page 119. 

Current source needs IC 

Current switching, another key function in the 
1c telemetry system, is achieved with a npn-pnp 
compatible piggyback configuration like that used 
for the level shift. Minor modification of the intra­
connections results in a gated current switch, which 
provides the clocking and current source needs in 
the d-a converter subsystem of the telemetry. 

These functions, together with a ladder adder, 
constitute the precision voltage reference genera­
tor. A current-driven voltage reference is employed 
in place of a voltage-switched IC configuration be­
cause it is innately more accurate and faster. Also, 
this approach avoids the problems of monolithic 
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fabrication of the low offset voltage devices neces­
sary for the voltage-switched reference. 

The current source consists of two pnp transis­
tors in a unity feedback configuration, shown below. 
A very high input impedance is seen by the ladder­
driving point looking into the collector of Q2• The 
source current is developed across resistor R~. It 
equals the load current if the base current of Q1 

entering the emitter junction of Qi is identical to 
the current leaving the base of Q2• 

Changes due to temperature in V1m of Q1 will 
alter the load current unless some form of compen­
sation is provided. This compensation is supplied 
by an amplifier, Qi, which has unity voltage gain. 
The output of Q1 is then direct coupled into the 
base of Qi to provide 100% negative feedback. 
vVith matched transistors the collector current of 
Qi remains essentially constant. 

The resistors used in the current source are fab­
rica ted using thin-film nichrome deposited upon 
a glazed alumina substrate. The resistor ratio 
is tailored to ± 0.5% with a temperature coefficient 
of 5 ppn / °C. This provides a peak error of 0.6 mv 
over the temperature range -35°C to 70°C. Re­
sistor R~ is trimmed to develop +2.560 volt ± 1 
mv at the node of the ladder. This represents a 
resolution of approximately 0.05%. 

Ladder adder reference 

The current source is connected through a diode 
to the output of a current switch, as well as to the 
ladder adder. In this manner, the collector can 
either be gated to the ladder or to the ground; 
therefore, the collector current of Q2 is programed 
by the current switch. The gated current source 
drives a ladder adder to generate a high-precision , 
accurate analog voltage reference, which is tabu­
lated on page 119. A series of digital inputs, zeroes 
(0 volts) and ones (4 volts), are used to represent 
analog voltages between 0 and 5 volts; the latter 
levels correspond to the voltage reference signals. 

The ladder adder is an 8-bit element consistin g of 

FROM 
CURRENT 
SWITCH R1 

1.9 k 
NOMINAL 

TO LADDER­
ADDER 

+ 15v 

6.2 v 
REFERENCE 

2.5 k 
NOMINAL 

FROM 
CURRENT 
SWITCH 

TO LADDER­
ADDER 

Dual-gated current source drives the ladder adder. 
Note that the npn·pnp piggyback configuration of 
the master level shift circuit is used. 
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TRIAL OUTPUT 128 OUT PUT 
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(STOP) 
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Analog-to-digital converter im plement ed wi th compatible IC's. Although a single input cha nnel is shown, system 
can accommodate multiple inputs with the addition of comparator and gating circuits, and appropriate 
sequencing logic elements . 

nine 3-K and six 6-K thin-film nichrome resistors 
deposited on a glazed alumina substrate shown on 
page 120. The network is fabricated on a 0.210 x 
0.230-inch substrate, then mounted in a 0.375 x 
0.375-inch flatpack. The resistors in this circuit ex­
hibit an absolute temperature coeffi cient that is less 
than 15 ppm, and a tracking temperature coefficient 
between resistors of less than 5 ppm. This is meas­
ured over the temperature range - 35°C to + 70°C. 
The resistors are mechanically tailored to possess 
a ratio toleran ce of ± 0.25% or better. 

For an 8-bit converter, the least significant bit is 
1/ 256 or 0.39% ; therefore the error due to the re­
sistors is somewhat less than the least signifi cant 
bit for an 8-bit converter. Since the current source 
is dynamically trimmed for a specific output at the 
node to which it is connected it is more valu able 
to evaluate accuracies and precision of the sys tem, 
ra ther than those of any on e circuit configuration . 

This concludes the discussion of the innate cir­
cuit types for the compatible rc telemetry sys tem. As 
opposed to those units based upon the two mas ter 
elements, the ladder adder is the only configuration 
of a special-purpose nature. However, even that 
pattern may b e considered somewhat universal, 
in that the thin-film process accommodates altera-

IC count for a-d converter 

tion of the values and number of resistor elements. 
By the same token, capacitor fabrication may be 
achieved the same way. Thus, conceivably, any 
linear system IC needs can be met by compatible 
techniques. 

A/ d converter and other applications 

The extensive integration of data-processing sys­
tems permitted by compatible IC designs will b e 
demonstrated by a few application examples. In 
each, the differential comparator amplifier and 
level shift are th e key elements. 

A simplified bl ock di agram of an 8-bit analog-to­
digital converter whi ch uses several of the com­
patible rc types previously described is shown 
above. The sys tem operates upon receipt of a start 
signal by converting the input voltage to an 8-bit 
binary number proportional to the amplitude of the 
input. The number appears in parallel form at the 
output of the converter and is maintained until an­
other conversion is initiated. 

The trial voltage encoder contains eight flip-flops, 
each of which is connected through an analog switch 
to a ladder adder. Th e ladder adder generates a 
prec1S1on analog voltage associated with each flip ­
flop and then sums the resultant voltages into a 

Circuit type Power dissipation Package size 

%11 x %11
, 14 lead 

%11 x %11
, 14 lead 

14 11 x %11
, 14 lead 

%11 x 14 11
, 10 lead 

%11 x %", 10 lead 
%11 x %11

, 10 lead 

Quantity 

1 Gated differential comparator . . .. . . .. .. . . .... . . .. . . . .. . 
Sample-and -hold . . .. .. . . .. . . . . . . . . . ... .. . . .. . .. . . . . . . . . 
Flip-flop . . . .. .. . . .. . . . . .. . .... .. . . . . . .... . ... . . . . . ... .. . 
Dual current switches .... . ... ... . . .. . ...... . .. .. . . . . .. . 
Dual current sources ... . . ... .... . .. . ... . ....... . ..... . . 
8-bit ladder adder . . . ... . . . . . . . . .. . .. .. .. . . .. .... .. . ... . 
Reference voltage source . . . . .. .. . . .. .. ...... . .. . . ... . . 
Dual , 2-input gates . .. . . .. . ... . . . ...... . . . .. . . . . . .. . .. .. 
Four I -input buffer amplifiers ...... . . . .. .... . . ... .. . . . 
Quad NANO gates ... . .... . . . . .. .. .. .. . .. .. . . . .. .. .. . . . 

T ot a l package s: 41 
T ot a l syst em power: 375 mw m ax. 
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25 mw 
2 mw 
4mw 
2 mw/ gate 

30 mw/ gate 
100 mw 
30 mw 

1 mw/ gate 
4 mw/ gate 
8 mw/ gate 

14 11 x 14", 14 lead 
%" x %11

, 14 lead 
%" x %11

, 14 lead 

1 
16 

4 
4 
1 
1 

10 
2 
1 
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OUT PUT 

INPUT 

CH ANNEL 
NO. 1 

CHANNEL CHANNEL CHANNEL CHANNEL CHANNEL 

NO. 2 NO. 3 N0 . 4 NO. 5 NO. 6 NO. 7 

' 
RAMP 
GENERATOR LEVEL - SHIFT GATING MATRIX 

CLOCK 
FI F NO 1; 

-:-2 

DCA = DIFFERENTIAL COMPARATOR AMPLIFIER 
F/ F = FLIP-FLOP 

F/ F NO. 2 ", 
-:- 2 

F/F NO. 3", 
-:- 2 

Personal telemetry system for data transmission from remote environments may be used by astronauts. Small size 
(11 compatible IC 's are used) and low power requirements (44.2 mw) are features of 7-channel , hand-carried system. 

single output. This summed voltage is compared 
with the output of the sample-and-hold gate, and 
the comparator amplifier output is used to gate the 
trial encoder flip-flops. When the analog input volt­
age is greater than the summed output voltage at 
the ladder adder, the sequence counter advances 
the trial voltage encoder flip-flops until the output 
voltage is equal to or slightly less than the refer­
ence voltage. 

Window option exists 

The sample-and-hold gate permits the sampling 
of only a very narrow "window" of input voltage, 
preventing transient variations during the conver­
sion from affecting the result. Since it is gated on 
by the start command, the gate may also be used to 
sample voltages only during specific intervals. 

Although the sys tem uses only a single input 
comparator, the number of input channels may 
be easily expanded with the addition of paral­
led input gated comparators and appropriate se­
quencing logic. The seq uence counter and control 
logic, trial voltage encoder flip-flops and output 
buffer amplifiers can be implemented wi th com­
mercially available re logic elements . The sample­
and-hold gate, differential comparator amplifier, 
level shift power gate, analog switches and ladder 
add er are the previously described compatible re's. 

The required number and circui t-types needed 
for the 8-bit a-d converter are tabulated on page 
121. Total system package count is 41 re packages; 
es timated system power consumption is less than 
375 milliwatts . 

Bionic need met 

Another example of an application of compatible 
re's is the 7-channel pulse duration modulation 
(PDJvr) personal telemetry system shown above. 

122 

This system is suitable for telemetry of biological 
data . Critical design considerations include low 
power dissipation, high stability versus environ­
mental temperature changes, high resolution, and 
minimum component count. Small size and mini­
mum weight are also stringent requirements . 

To minimize the circuit parts for this application 
a ramp conversion technique is employed. This 
eliminates the cl-a converter and associated cir­
cuitry. The conversion of analog voltage to pulse 
duration is accomplished by sequentially compar­
ing the channel analog signal input voltage with a 
sawtooth voltage appearing at the output of the 
ramp generator. The differential comparator amp­
lifiers are sequentially gated on by appropriate de­
coding of a low power binary counter and a level 
shift gating matrix. Since only one amplifier is active 
at a time, all amplifier outputs are connected to­
gether and the corresponding pulse train at the out­
put contains seven duration-modulated pulses and 
one synchronization time gap per pulse fram e. 

Specific characteristics of the PDM telemetry sys­
tem are: 

• Pulse format: seven PDM pulses and one gap per 
5 millisecond period. 

• Pulse fram e repetition rate: 200 fram es per 
second . 

• Input signal voltage: 0-20 millivolts for 60% 
PDM modulation. 

• Input impedance: greater than 50 kilohms. 
• Output impedance : less than 1 kilohms. 
• Output pulse amplitude: 0 to 15 volts. 
• Operating temperature range: 0 to +55 C. 
• Power dissipation: less than 50 milliwatts. 

A sys tem employing standard monolithic and dis­
crete interfacers, instead of compatible re's would 
be three times as complex and would require four 
times as much power. 
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Strange how nobody's borrowed Walter's Mark 200 lately 

You might say Walter brought it on himself. First week "Enough," said Walter and he brought in the Doberman. 
he had that Mark 200 Recorder he started telling every- And that solved his problems. 
body how great it was. How a patented Hydrostatic Ink- That's how it is with a Mark 200. There just isn ' t any 
ing System put a smudge-proof razor-sharp liiiiliiliil recording job it can't handle. But you really have to see 
trace into the paper-not just on it. How one perform to know what we mean. Ask your 
something called "position feedback" gave Brush Sales Engineer. With more than 20,000 
him total system accuracy of better than channels in operation, he can easily set up a 
991123. How a choice of 32 plug-in pream- demonstration under actual field conditions. 
plifiers would take ca re of any signal condi- Who knows, there may be one in the next 
tioning requirement that ever came along. department. Seen any Dobermans lately? 

Word got around. Dept.14 borrowed Walter's Clevite Corporation, Brush Instruments 
Mark 200 for a "day or so." Had it for three Div., 37th & Perkins, Cleveland ,Ohio 44114. 
weeks . Then a chap in the lab needed it for 
"just one little series of tests." He had it 
a month. 

--l,rush 
CLEVITE 

INSTRUMENTS DIVISION 
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Back in 1964 we told you: 
This is a super /reg'" synthesized zener diode. 

It enables you 
to build a precision 

power supply 
in minutes using 

any DC 
power source. 

Typical super/ reg zener imped­
ances of 2 to 8 milliohms- lowest 
ever yet achieved-makes possible 
. 0 I % ~gulation and .Smv ripple. 

Voltage-adjustable as much as 
::!::: 10%, as small as. a millivolt, 
with no dereting or degradation. 
The " third terminal" lets you trim 
the output. 

.O lo/o r c temperature compen· 
sation at high power levels; ther­
mal Slability lOO-times greater 
than that of the standard zener. 

Zener voltages from 5.6 to 56 V. 

7~ watts dissipation rating, 50% 
higher than any o ther available 
zeners . 

Looks, mounts like any other 
diode. Standard T0-36 case. 

Performance-proven reliability; 
patent-pend ing design. Suitable for 
MIL applications. 

Write or call for complete data 
and application bulletin. 

'Semi-conductor Division, Trio 
Laboratories. Inc., Dupont St., 
Plainview, L. J., N. Y. 

(516) Overbrook 1-0400 

s u per reg - ·-

Now there are 104 super/reg® 
instant answers to your 
power regulator needs. 

We figure if you've got something good, why 
stop there. Why not go ahead, expand the line, and 
give designers practically unlimited capability. 

And that's what we've done - 104 times. No­
body else comes close. 

Super/regs come in shunt and series versions. 
Just connect rough DC from whatever source you 
have - semi-filtered, half-wave rectified trans­
former output, or even a battery - you get instant, 
precision DC power where you need it: at the load 
itself. 

Super I reg precision miniature regulators are 
uniquely designed for maximum heat transfer and 
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power- handling capability. Ultra-compact config­
urations provide maximum flexibility over a wide 
range of voltage levels. Point-of-load installation 
eliminates d istribution-line losses and cross-talk. 

Write for complete data sheets and applications 
bulletins. 

We've got 104.And if the mail is slow, we may 
have 105. ~t:::;;,® 

Trio Laboratories, Inc., 
Plainview, L.I.,N.Y. 11803. 

Tel :(516) 681-0400. 

~ 
New Ideas in Power Sources from 

(-~-·~···-·- - ---:/-"-·-~.---... ® 

; -t: ••• 91c-. I> J 
·' -··-,· 
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Industrial electronics I 

Wider horizons for numerical control . 

Developed for metalworking , numerical control techniques are spreading 

to other applications-a trend that could lead to computer-based 

systems that embrace the entire design-through-manufacturing process 

By Alfred Rosenblatt 
Indust rial electron ics editor 

Numerical control, born 15 years ago out of the 
metal-cutting needs of the aerospace industry, is 
having an impact on all des ign and production­
including electronics . Once defined simply as a 
means of operating a machine tool automatically 
through coded position and speed instructions on 
punched tape, it is now spoken of in terms of an 
over-all manufacturing system. 

Advocates contend that numerical control tech­
niques are on the verge of a new era. Present-day 
applications-still almost exclusively in metalwork­
ing-barely skim the surface of the technology's 
potential, they argue. 

Says Shizuo Hori, of the UT Research Institute of 
Chicago: "We are entering the second industrial 
r evolution, the result of developing a technology 
in which machines can respond automatically to 
symbolic instructions." Hori heads the institute's 
Automatically Programed Tools project (APT) , a 
language and computer system aimed at improving 
human communication with machine tools. 

"The range of symbols ," he points out, "began 
with written words resembling an ordinary vocabu­
lary. Now the range is being ex tended to include 
drawings and gestures-motions of a light pen 
before a graphical input station connected to a 
computer. Thus th e full power of man's ability to 
communicate concepts to machines by appropriate 
symbolic models can be exploited in the automatic 
control of machines." 

' Islands of automation' 

Hori stresses machines, not machine tools, an 
indication that the next step in the development 
of the technology may be away from such tools. 
However, it has b een the success with machine 
tools that has es tablished what the General Electric 
Co.'s Paul D. Ross calls " islands of automation." 
Ross heads cE's specialty control department in 
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Machining centers made poss ible by numerical 
cont ro l perform a va riety of t asks. One of the too l 
heads, upper left , on Hughes Aircraft 's MT-3 un it holds 
30 tools. It can change from one tool to another 
in less than 3 seconds. 
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Computers coordinate design and manufacturing 
GRAPHIC DISPLAY CONSOLE 
AND CO MPUTER 

STORED PROGRAM 
AND DIGITIZING 
DRAFTING MACHINE 

DESIGN AND MANUFACTURING 
PROGRAMS ON DISK FILE 

MANUFACTURING AREA 

INSPECTI ON AREA 

Design-through-manufacturing center is the goal of North Ameri ca n Avi at ion. Based on central computer control, 
this integrated system would carry an idea from concept to inspection via graphics data displays, dig it ized 
draft ing, and machine and inspection controls . Data is continuously gathered for ma nagement decisions. 

vVayncsboro, Va., a leading supplier of numerical 
controls for drilling and milling machines , and 
large, multipurpose machining centers. 

Says Ross : "Although there has been great prog­
ress represented in these installations, the long­
range potential for numerical control will only 
develop when these islands are tied into an inte­
grated manufacturing sys tem. The characteri stic 
ability to assemble isolated processes into macro­
systems is , by any measure, the most outstanding 
feature of the numerical control technology." 

These islands are many and varied. Integrated 
into a total computer-based complex, shown above, 
they form a powerfu I design-through-manufactur­
ing cen ter. Based on electronics technology, the 
parts in this center include: 

• Graphics display consoles for designing cir­
cuits and systems as well as machined parts. 

• Automated drafting systems that not only 
produce hard copies of mechanical drawings or 
printed-circuit pattern layouts but also translate the 
drawings into digital form for insertion into a 
computer or numerically controlled machine. 

• Inspection machines to verify dimensional ac­
curacy. Programed by tape, or directed by com­
puter, these machines can check a printed-circuit 
board layout as well. 

One for many 

Another technique that holds great promise is 
the use of a central computer to control a group 
of machine tools in stead of having a punched-tape 
for each machine. 
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Also prom1smg is the use of adaptive controls 
to optimize a production process despite changing 
environmental and operating conditions. 

The electronics industry has already seen the 
introduction of numerical techniques to control the 
wiring of components and systems. These include 
tape- and computer-controlled machines used to 
manufacture such parts as printed-circuit boards. 
Typical sys tems drill holes , check pattern layouts , 
and control welding or soldering assemblies. They 
are also used to fabricate etching masks for large­
scale arrays [Electronics , F eb . 20, p. 123). The 
numerical instructions are provided from either a 
punched card , a tape or a computer. 

From start to finish 

Th ese techniques and those s till in the offing 
will gradually be applied to integrate all elements 
of the complex process that carries an idea from 
concept, through design, development, manufac­
turing, and inspection. A cen tral computer installa­
tion will be the key. 

It is predicted that ultimately, an engineer will 
be able to sit down in front of a display terminal , 
design a part or a circuit and know almost im­
mediately whether it will work. Strength tes ts of 
materials , temperature, pressure, and stress anal­
yses will be automatically run on it if it is a ma­
chine part; electrical tes ts will be applied in the 
case of a circuit. Studies would also be run to 
determine the bes t materials for its construction. 

From both this and the des ign information , the 
cornpu ter will be able to provide instructions for 
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the machines needed on the production line to 
produce the parts or circuits. 

Parallel with the growth of numerically controlled 
des ign and production processes will be the devel­
opment of improved computer-based information 
systems, points out R.K. Wilson, corporate director 
of North American Aviation Inc.'s facilities and 
industrial engineering. Such systems are already 
being developed and, in some cases, installed. The 
total effect will be to provide management with 
a high degree of control over operations never 
before possible. 

"Shop drawings will be replaced to a great extent 

Industrial elect ronics II 

by photos of completed designs on computer 
graphics-design consoles and by increased use of 
numerical control tapes," says Wilson. "Direct in­
put from computers to production machines will 
become prevalent. The new information systems 
will provide current data for management decis ions 
in such areas as production planning and inventory 
control , engineering part number breakdowns, parts 
lists, advanced material procurement, priorities, 
records of machine use, and quality control." 

Inventory and production control sys tems, al­
though not tied direc tly to a design computer, are 
already in use in many plants. 

Machining it right the first time 
Tapeless computer control , adaptive techniques and IC's 

will lead to centralized , more responsive tool direction 

Numerica l control in metalworking enables manage­
ment to plan a job from beginning to end before 
chips are even cut [see " How numerical control 
works ," page 130] . It redu ces sharply the time re­
quired to set up the job and orient the operator 
to a new se t of production steps. This is particu­
larly valuable on small- and medium-size job lots. 

Because all operations are spelled out on the 
punched tape, operator errors are virtually elimi­
nated and quality is greatly improved-the human 
factor , with its coffee breaks and blue ~ondays , 
is minimized. By reducing inspection operations , 
production-line time is cut because there are fewer 
sta tions. 

Numerical control has been applied to a wide 
range of machine tools s ince it was fir st used in 
1952 to control a milling machine in an Air Force­
sponsored feas ibility study at the ~1assachusetts 
Institute of Technology's servomechanisms labora­
tory. Applications include drillin g, milling, and bor­
ing machines, as well as lathes, punch presses, 
spot-welding, pipe-bendin g, and rocket-motor fila ­
ment-winding machines. And this list continues to 
grow as manufacturers seek to make old, but stru c­
turally sound, machines more effi cient by retro­
fitting them wi th numerical con trailers. 

New numerically controlled machine tools con­
tinue to be introdu ced, such as the wire-marking 
and measuring equipment from the Comae Corp.'s 
Datex division. New contro llers, like the Coleman 
Engineering Co.'s integrated-circuit point-to-point 
positioner are also being brought out. 

Presently there are more than 9,000 numerically 
controlled machine tools in operation in 2,400 fac­
tories-about 4% of the total number of plants in 
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the U.S. Although this percentage is low, it repre­
sents a marked upswing; the rate of installation 
has doubled every two years since 1959. 

Last year, about $220 million worth of machine 
tools sold were equipped with numerical con trol s, 
accounting for 20% of all machine tool sales. By 
1971, the figure is expected to climb to 35%. The 
cos t of the electronics portion of the control pack­
age ranges from 10% to 50% of the tool's price. 

New directions 

Perhaps the greatest departure from conventional 
machining practices resulting from numerical con­
trol is the machining center. These centers combine 
in a single unit such capabilities as milling, drill­
ing, boring, tapping, and reaming-all usually done 
by separate tools. Punched tape controls the opera­
tions sequentially, calling in the next tool upon 
completion of each step in the machining process . 

Experimental work with numerical control is also 
leading to new machining techniques. Among these 
are: 

• Controlling banks of machine tools directly 
from a digital compu ter, doin g away entirely with 
the need for punched tape. 

• Developing adaptive controls that sense the 
machine's performance, immediately compensating 
for any change in machine and environmental char­
acteristics. 

Tape less contro l 

Probably the first use of direct, tapeless control 
on a production line was in 1965 at the International 
Bu siness ~Iachine Corp.'s Endicott, N.Y. , plant 
[Elec tronics, Nov. 1, 1965, p. 90]-and it's still in 
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use today. Holes in the printed-circuit cards for the 
System 360 computers are drilled with specially 
designed 24-spindlc drilling machines controlled by 
a central 1710 computer. Each machine control 
guides the drilling via instructions received from 
the 1710 over a data link. The computer, in turn, 
selects the correct drilling patterns from a disk 
store that contains information on all of the card 
types being produced. The vast tape library that 
ordinarily holds all of the programs is eliminated. 
Set-up time is reduced sharply, because there isn't a 
need to hand-carry program tapes to the machines. 

The Cincinnati Milling Machine Co. in Cincin­
nati, Ohio, last summer demonstrated the feasi­
bility of operating more-complex machine tools re­
motely by driving a contouring machine from a 
digital computer via a 3,000-foot coaxial cable. A 
prototype of the company's integrated-circuit Acra­
matic IV controller [see cover; Electronics, Sept. 5, 
1966, p. 14] operated the machine. A closed-circuit 
television camera enabled the machining to be 
monitored from the computer site. 

Another remote control operation was demon­
strated recently by General Electric. A milling ma­
chine at GE's Waynesboro, Va., plant was controlled 
with data transmitted through telephone lines from 
a computer at GE's Phoenix, Ariz., facility-2,000 
miles away. General Electric is developing a special 
data terminal to be used at the machine tool that 
checks data for transmission accuracy while it 
controls the machine drives. 

Central control 

The most ambitious scheme reported to date for 
controlling tools from a central processor may be 
the System 70 from the Bunker-Ramo Corp., Cleve­
land, Ohio. Pilot tests are under way at the Boeing 
Co., Seattle, Wash. 

In its system, shown on page 129, Bunker-Ramo 
tries to hold the electronics in the controllers at the 
machine tool to a minimum. Instead, it concentrates 
the electronics in a central processor, called a time­
shared interpola tor, used only for numerical control. 
The interpolator performs the calcula tions neces­
sary to move the tool through its programed opera­
tion . 

In this sys tem, the tool's control unit contains 
digital-to-analog conversion circuits and the servo­
controls for driving either electric or hydraulic 

NUMERICAL POSITION COMMANDS 

motors. A data terminal at the control unit accepts 
the information from the interpolator and checks 
it for accuracy. 

The program information for the operation of 
the machine tools is stored in a random-access 
disk file. On demand, the data is fed into the inter­
polator. Only small parts of each machining pro­
gram are stored at a given time in core memory. 
They are distributed to the machine tool control 
units via coaxial cable. Transmission rate ranges 
upwards to 10 kilohertz. 

Also included in the system is a larger general­
purpose processor that converts the instructions 
originally written by the programer to tool language. 

As many as 10 three-axis contouring machines 
or up to 20 simpler point-to-point machines can 
be handled by one time-shared interpolator, says 
Bunker-Ramo. Although a tape reader isn't re­
quired at the machine tool control, a data terminal 
and a certain amount of logic circuitry are. 

The greatest advantage will most likely stem from 
the central management of tool operation that the 
system affords and the savings resulting from the 
elimination of the punched tape and its handling. 

Adaptive control 

Fred L. King, a development engineer at the 
Ford Motor Co., Dearborn, Mich., describes adap­
tive control as a theoretically perfect machinist who 
senses intuitively every cutting condition and im­
mediately adjusts the control to produce maximum 
cutting performance. Taking into account the limits 
of tool life and the desired production output, adap­
tive control operates the tool at maximum levels. 

Adaptive control doesn ' t replace numerical con­
trol; it makes the latter work better. An adaptive 
control system senses relatively unpredictable 
changes in the material b eing worked, in the wear 
of the cutting tool and the load on it-all factors 
not considered in a numerical control program. 
The adaptive system superimposes itself on the 
numerical control and adju sts the machining opera­
tion to compensate for the variations as shown 
below. 

Adaptive sys tems are available in machine tools 
to a limited extent-one, by Dyna Systems Inc., 
Torrance, Calif., senses the torque on a cutting 
tool and adjusts the speed and feed rate accord­
ingly. W elders have also had adaptive control fea-

+ MACHINE 

MACHINING 
PROGRAM 
ON TAPE CONTROL 

SYSTEM SPINDLE SPEED COMMANDS SERVOS 
TOOL 

CONTROL · 

I 

ADAPTIVE 

+ 
· ~ 

POSITION AND SPEED FEEDBACK 

CUTTING LOAD, 
SPINDLE SPEED 
CORRECTIONS ADAPTIVE LL SENSOR OUTPUTS 

CONTROLLER 

Adaptive control, an adjunct to the numerical control system, overrides the programed instructions to 
compensate for changing work conditions. 

SENSORS 
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Electronics normally found in the numerical controllers of each machine tool are located in a central 
interpolating unit in Bunker-Ramo concept for computer control of banks of tools. The central interpolator is 
time-shared by all the tools and can be operated by a remote computer. 

tures that sense the quality of the weld while it's 
being made. 

Another system was developed by Bendix Re­
search Laboratories, Southfield, Mich ., a division of 
the Bendix Corp. Applied to a milling machine, the 
system was partially underwritten by the Air Force 
Material s Labora tory, 'Wright-Patterson Air Force 
Base, Ohio. 

Controlling the variables 

In Bendix' sys tem, according to engineer Robert 
J. Valek, sensors placed as close as possible to 
the tool-material interface sense three operating 
variables--spindle torqu e, tool vibration, and the 
temperature at the working tip of the tool. Signals 
from the sensors are then fed into a special-purpose 
"performance" computer that, in effect, decides on 
the adju stments to be fed into the numerical con­
trol sys tem fo r controllin g the machining variables. 
Bendix chose spindle speed and tool feed rate 
as the variables to be controlled. 

Strain gauges are placed on the spindle in planes 
of maximum tension and compression to sense 
.torque, shown on page 130. An accelerometer senses 
the spindle acceleration, which is related to the tool 
vibration . 

Tool-tip temperature is measured by a thermo­
couple method that uses the tool and tip them­
selves. Since the tool and workpiece metals are 
dissimilar, a voltage produ ced at their junction is 
proportional to temperature. 

An external sensor isn' t suitable for measuring 
temperature because cooling liquid is sprayed, 
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during the milling operation, onto the work area. 
No matter how close the sensor was placed to the 
tool, the presence of the coolant affected the tem­
perature reading. 

The performance computer converts the sensors' 
analog signals into digital signals, which are stored 
in core memory. These signals are constantly b eing 
compared in threshold logic networks with data , 
which were gathered previously under tes t condi­
tions , that relates them to the quality of the part 
being produced. 

This test data is part of an experimentation pe­
riod required before the compu ter, made largely of 
integrated circui ts, can be programed for a par­
ticular machine. 

For example, during the set-up period the milling 
machine is opera ted at various speeds and the work­
piece is carefully examined to determine how speed 
affects the surface fini sh. At the same time, the tool­
tip temperature and the amount of vibration are 
noted. Then various combinations of measured char­
acteristics and variables are studied and compared. 
The result is a set of threshold limits at which the 
logic is set for monitoring what is happening during 
the milling opera tion. 

"\i\That vve're doing is recognizing operating pat­
terns," says Valek. "vVhen our sensor signals come 
in we equate them with what has happened before 
and adjust the operation of the machine accord­
ingly. As our computer is now designed, we can 
accept up to 10 inputs and calculate up to five dif­
ferent ou tputs." 

Bendix has also been inves tigating the adaptive 
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system·s use with a lathe, an electron beam welder, 
and a grinding machine. 

SLIP RINGS BALANC E 
POT 

Numerical controllers going IC 

"In the next two to five years, everyone will have 
gone to integrated circuits," says D ean W . F reed, 
vice president and general manager of Bunker­
Ramo's Numerical Control Sys tems division. "It will 
b e very difficult to sell a sys tem that won't have 
1c's. The 1c's could b e more for sex appeal than for 
anything else." 

However, Bunker-Ramo cites the higher speed of 
1c's over discrete circuitry as having enabled the 
company to design simpler serial logic to replace 
parallel logic in some controllers. The higher speed 
also makes it easier to drive a controller directly 
from a digital computer. 
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Integrated circuits are already having_ an impact 
on the design of numerical controllers . The W est­
inghouse Electric Corp. came out with an all-Ic 
point-to-point controller in 1965. Bunker-Ramo has 
b een building selected p ortions of its models 3000 
and 3100 contouring controllers with 1c's for the 
past 18 months. 

Both Cincinna ti Milling and Coleman Engineer­
ing are using Ic 's and the Hughes Aicraft C o. is 
readying its all-Ic NC 500 contouring controller 
for a fall debut. 

Bendix Research Labs' adaptive control system, 
used to maximize the qual ity of the machined 
part, senses spindle torque with strain gauges 
mounted in a bridge. Tool ·tip t emperature and the 
spindle vibration are also sensed. 

Not everyone agrees on just how valuable Ic 's 
will b e in numerical controllers. Certainly they will 
make feasible adaptive controllers su ch as the Ben­
dix p erformance compu ter. Those comp anies with 
IC controllers also p oint to the increased reliability 
they can p romise a customer, but those who don't 
have an IC unit yet say that transistorized solid-sta te 
logic is exceptionally reliable already. Almos t all 

agree tha t Ic's will undoubtedly bring down the 
price. 

''The move from tube circuits to solid state was a 
big jump in b oth reliability and sp eed ," p oints out 
a spokesman for CE. "The move to 1c's will not b e 
nearly as fu nctionally drama tic." 

General E lectric may not h ave an IC controller 
on the market, but it has b een working with one for 
a t leas t the p ast three years, according to cE's Ross. 

How numerical control works 

Numerical control in machining 
means the automatic operation of 
a machine tool from digitally coded 
instructions . The ins tructions con­
trol the tools' position and cutting 
path on the workpiece. 

A typical numericall y controlled 
machine receives in structions coded 
on an eight-channel punched tape. 
Read into the control a block at 
a time, the taped info1mation pro­
vides the dimensions of the part 
to be produced and instructions 
fo r the operation of the machine 
tool. The data directs the tool's 
motions, controlling operational 
functions such as tool speed, feed 
rate, and the selection and flow 
of coolant. 

Inherent in numerical con trol is 
accuracy and the capability of si­
multaneous control of multiple 
axes of the machine. Positioning 
accuracies of 0.0001 inch are com­
·mon . 
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Basically, there are two types of 
control systems: poin t-to-point (po­
sitioning) and contouring (path). 
In poin t-to-poin t control, the tool 
is moved from one point to an­
other for the next machining step . 
In these machines-drilling, bor­
ing, punching, and riveting de­
vices- precise positioning at each 
point is essential. 

Contour control is used on mill­
ing and grinding machines, lathes, 
and other devices that perfo1m 
shaping fun ctions. Linear inter­
polation circuitry in the contour­
in g control maintains an accurate 
path by synchronizing electron ic 
pulses applied to drive motors that 
position the machine's axes. The 
pulse ratio determines the tool's 
path , while the pulse rate deter­
mines the speed. 

By programing in a series of 
tiny straight-line increments of 
movement, linear interpolation can 

also be used to approximate curves . 
Contouring systems may also in­
clude circular interpolation cir­
cuitry. And some manufacturers of 
controls are offering parabolic in­
terpolators. 

Signals from the tape reader go 
to an information storage section 
that transmits them to the motor 
drives. The storage section con­
sists of various registers, usually 
one for each machine axis to be 
controlled , plus relays for initiating 
auxiliary or on-off commands. A 
buffer store is included when a 
relatively slow tape reader is used 
and the operating time of the 
machine is shorter than the tape­
reading time. 

Posi tioning-sensing devices on 
the machine tool axes sense the ac­
tual position of the tool. This in­
fo 1m ation is fed back and com­
pared with the position commanded 
on the input tape. Servoloops ad­
just the position precisely while 
the machining continues . 
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The company began with resistor-transistor logic 
and has now moved to transistor-transistor logic, 
with its higher noise immunity and greater fanout 
ability. Bendix is also believed ready to make an IC 

announcement (it uses ic's in adaptive control, not 
numerical control) and Bunker-Ramo may be 
readying another. 

R.C. Bell , head of engineering of Hughes' Indus­
trial Systems division concedes that "it isn't entirely 
clear whether there is any real improvement right 
now in reliabi lity over a well-designed solid state 
discre te component system. However, as the state 
of the art improves, the ic system certainly has the 
potential for improved reliability." 

Hughes already makes several solid state systems, 
but these systems probably vvon't be redesigned 
with 1c's, says Bell. D eveloped during the last five 
years , the systems have a high degree of reliability, 
which Bell doubts ic's could improve. In addition, 
the manufacturing costs are already low, he says. 

Choosing the IC spots 

One of the first to use ic's in numerical controls, 
Bunker-Ramo turned to the areas where the cir­
cuits' high speed and reliability could be used to 
b est advantage-in the contour generator or linear 
interpolator and in the feed-rate generator of the 
model 3000, and in the circular interpolator offered 
as an option in both the model 3000 and lower­
priced model 3100, shown in the basic outline below. 

The feed-rate generator supplies the interpolator, 
which generates a straight line or circular contour, 
with a train of pulses that are gated to synchronize 
and control the travel of the machine axes. 

In the model 3000, the feed-rate generator and 
linear interpolator make up roughly 20% of the 
total electronics, which is completely solid state in 
both controllers. 

Another factor in selecting these areas for apply­
ing 1c's, says Bunker-Ramo's Richard P. Bloss, was 
their central location within the entire system. They 
are away from the interface of both the incoming 
and outgoing circuitry so that minimum buffering 
is required. Bloss, applications engineering super-

visor at the control systems division , says this was 
important in the changeover from discrete compo­
nents because the controllers operate in shops that 
have noisy electrical environments, caused by relay 
contactors, solenoids, motor starters, overhead 
cranes, arc welders , and the like. 

Modulating reference signals 

Digital instructions are read from tape by a pho­
toelectric or magnetic tape reader in the Bunker­
Hamo controller. 

The pu lses modu late a command reference signal 
that is compared to a position reference signal. 
Error differences resulting from this comparison 
cause the servos to move the tool. 

The data distribution area com·crts the tape 
reader output signal to data signals compa tible with 
the sys tem. Various bit-parity checks arc made on 
this data to insure reliabi lity. The data signals are 
then distributed to a particular buffer store-at one 
of the machine tool's axes , for cxample-imlicated 
by the address on the tape. The buffer store trans­
fers the data to the active store on command from 
the control logic. 

A !though the control logic tri es to keep the tape 
program moving without interruption , it will stop 
all commands if a malfunction occurs. The control 
is divided into tape reader, scq11ence. start-stop 
logic, timing pulse, and tape error sections. 

A cycle time- the time it sho1ild take for the ma­
chine tool to move from any point to another- is 
established for the system hy the feed-rate gen­
erator and a contour generator are used for all the 
plied by a voltage-contro lled oscil lator that varies 
between 150 and 200 kin. A single feed-rate gen­
erator and a contour generator arc used for all the 
axes of the controller. 

The feed-rate unit controls the frequen cy of the 
pulse train it supplies to the contour generator. Fre­
quency depends on the programed feed command 
that relates the speed of the tool spindle and the 
distance it must travel. 

Pulses from the feed-rate generator provide a 
time base for the contour generator, which gates 
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Integrated circuits are used in the feed -rate and contour generators (color) in Bunker-Ramo's models 3000 and 3100 
controllers. The rest of t he circuitry is also solid state. The generators control the motions of the machine's axes. 
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pulses to each axis of the machine in accordance 
with the dimensions placed in the active store. Each 
pulse represents an axis increment of 0.0001 inch. 
The interpolator ensures all axes are synchronized 
so that the proper path is traced by the tool. The 
closed-loop servosections convert the digital com­
mand pulses into proportional voltages to operate 
the machine motors. 

Speed simplifies logic 

Speed, which increases with ic's by a factor 
of 10 over the discrete design, is of great im­
portance, according to Bloss. Propagation delays 
range from as much as a full microsecond with dis­
crete components down to about 10 to 30 nano­
seconds with IC gates , and 50 to 75 nanoseconds 
with flip-flops. Rise times are on the order of tens 
of nanoseconds, instead of 3 microseconds. Because 
of such speeds, serial logic replaced parallel logic 
in the counter stages. This simplified the circuitry 
because asynchronous counters, which require less 
gating to implement than their synchronous counter­
parts, could be used. 

In the discrete-component counter circuit there 
were many different elements, including the four 
basic flip-flops, three gates, a one-shot multivi­
brator, several shor t time-delays, a series of emit­
ter followers to buffer the flip-flop output, and a 
kilohm resistor to prevent a possible timing prob-

Industrial electronics Ill 

lem in the gating. 
In contrast, the IC counterpart built around the 

Signetics Corp.'s Utilogic consists essentially of 
only J-K flip-flops and gates ; everything is d-c 
coupled. Signetics is a subsidiary of Corning Glass 
Works. 

Discrete component multivibrators are u sed in 
the gating area. This is the point where the 4.5-
volt re logic in terfaces with the 20-volt logic of 
most of the system. However, in most instances 
where re's are used, the circuitry also includes dis­
crete components. The reason: certain logical func­
tions in a numerical control system must be differ­
ent from application to application. The width 
of an output pulse, for example, may have to be 
varied from one installation to another depending 
on the design of the particular machine tool to be 
directed. If the one-shot multivibrator circuit pro­
ducing this pul se was completely enclosed in a 
single package, control of this pulse width would 
be lost. Thus it is advisable to keep such timing 
components discrete. 

Another reason for using discrete components 
is that they are economical-the logic fun ction 
involved can be produced at a lower cost if dis­
crete components are combined with re 's. For ex­
ample, diode-resistor gates are u sed when current 
or voltage amplification isn't needed. Th ese arc 
less expensive at present than comparable re gates. 

Eyeing new applications 
Engineers are turning to numerical control techniques 

for automated inspection systems and computer-aided design 

Although most manufacturers of numerical con­
trol devices have concentra ted on the metalworking 
industry, some are turning to other industries that 
could benefit from their wares. \Voodworking, sew­
ing and fabric-cutting machines, seam welders and 
flame cutters, and layout generators for p-c boards 
all operate by fol lowing a predetermined path. 

"Numerical control has been ti ed to the machine 
tool indu stry for too long," says Leon :\1usser, 
general sales manager of Bendix' numerical con­
trol group in Detroit. " \Ve're looking for motion 
con trol applications in other areas as well. " 

One new application Bendix has developed, for 
example, is in the control of a machine that sprays 
polyurethane foam onto th e inside panels of auto­
mobile doors . Ford is using this controller on its 
a11 to production line. 

Agreeing with Musser are Ara Aykanian and 
Tom Linn, pres ident and vice pres ident, rcspec-
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tively, of the Boston Digital Corp., a relative new­
comer to the field . The firm has developed a 
contour control that costs $6,500-about the same 
as an ordinary point-to-point controller, but less 
than half th e price of other contour controll ers. 

Boston Digital developed its IM -10 interpolator 
[Elec tronics, May 29, p. 181] with techniques 
learned in designing controls for automated draft­
ing equipment. 

"The interpolator uses a serial digital differ­
ential analyzer technique that's common to other 
contour devices, says Linn , "but it 's des ign ed to be 
more ,; fficient logically, using fewer gates and flip­
flop s. 

Made almost completely with Philco-Ford in­
tegrated circuits, the interpolator can b e driven 
from punch-tape readers , manually operated digit 
switches, or directly from a digital computer. 
\ Vith a resolution better than one part in a mil-

Electronics I June 26, 1967 



lion , the interpolator, driven by a computer, could 
be used to precisely position a tracking antenna, 
according to Aykanian . Thus, a smaller computer 
than is ordinarily needed could be used. 

Electronics assembly 

Seeing possible fruitful markets for numerical 
controllers on electronics assembly lines is John 
vV. Tarbox, project manager for the recently formed 
assembly automation group of Hughes' Industrial 
Systems division. 

"The philosophy of our group is to come up 
with production-line building blocks that can be 
numerica1ly controlled," explains Tarbox. "Then 
we put them together on an assembly line and 
direct them either from a central computer or from 
individual numerical control tapes. The flexibility 
possible with numerical control is the main rea­
son for using it. With it, we can pick up the 
process anywhere along the line, change the pat­
tern quickly and proceed." 

Hughes has already introduced numerical con­
trollers to its concept of automated assembly, 
coupling an l'\C-200 point-to-point con troller to 
an x-y positioning table and adding either a micro­
circuit welder, ultrasonic bonder, or solderer. 

Positioning tables have been , in one form or 
another, under automatic control for years. Hughes' 
success will depend on how well it can automate 
the bonding opera tion with the mechanical feeds 
required to bring the part into position. 

Hughes is also inves tigating the controller's 
application to 1c probers, handlers and testers. Its 
contro1lers are also being used on a circui t-card 
assembly machine for discrete components sold 
by Technical Devices Inc., Culver City, Calif., 
and on Hughes' own back-panel wiring and cable­
laying machine. 

Inspection machines 

The greater productivity of numerically con­
trolled machines has made the traditional manual 
inspection methods too costly because they take too 
much time. 

"Waiting for the first part to be inspected can 
be a very expensive bottleneck," says orth Ameri­
can's Wilson. "Production is held up until it's 
known whether the first part meets all of the 
tolerance requirements. Numerically controlled in­
spection equipment is definitely needed to speed 
things up. So is more in-process inspection, not 
only by providing digital readouts of table posi­
tion but through actual part measurement as well." 

Automated inspection systems have been de­
veloped by companies such as Bendix' Automation 
and ~easurement division in Dayton , Ohio, [for­
merly the Sheffi eld Corp.] and the Potter Instru­
ment Co., Plainview, N.Y. Both have machines for 
measuring two- and three-dimensional coordinates 
that provide an operator with a fast digital read­
out as he moves a probe to each of the key positions 
on the finish ed part. 

The part is securely fastened to a flat work 
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Computer-controlled inspection machine being developed 
by IBM autiomatically positions its own probe according 
ttJ program stored in memory and measures 
dimensions of parts along three axes. 

table. Suspended above it is the inspection probe, 
a metal cylinder with a replaceable pointed tip. 

With a tip suited to the part being inspected, 
the probe is moved to an initial reference point 
where the x and y readouts are set to zero. The 
probe is then moved progress ively to the various 
inspection points. As it moves, its position is 
sensed by an optical grating having thousands 
of lines scribed per inch. There is one grating 
for the x and one for the y direction. 

The probe also moves in the vertical direc­
tion for z dimension measurements. Pulses are 
sent to digital counting circuits , which activate 
the readouts. 

Recently, Potter added to its Picomm II inspec­
tion machine a digital computer that stores the 
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Cathode-ray t ube display at Lockheed-Georgia shows design progression starting wit h basic surface 
(left) that is then shaped (center) and finally displayed in perspective. 

dimensions and tolerances for the parts corning 
off the production line. These are feel into the 
computer from master program tapes. 

The machine reads ou t the dimensions on each 
axis to six digits and, at the same time, feeds 
the data to a computer, which calculates any 
devia tion from the speci fi ca tions , printing them 
out together with the dimensions. Opera ted in 
reverse to probe prototype models, the inspection 
machine can also prepare numerical control tapes 
with which to reproduce the prototype. 

lB:\r recently developed an experimental machine, 
shown on page 133, that not only stores programs in 

Point-to-point controller designed with integrated 
circuits by Coleman Eng ineering Co. is being used 
to retrofit ve rtica l mi ll ing machin es. 
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a computer but also automatically moves the probe. 
Metal parts are measured with a conducting probe 
that contacts the part and completes a low-voltage 
circuit. Transducers along the axes of the machine 
sense the probe's position. 

Printed-circuit layout patterns are measured with 
an optical probe that automatically recognizes 
the edges of reflective fea tures. A pressure-sensi­
tive probe is also being developed for measuring 
plastic and other nonconducting parts. 

An unu sual feature of th e machine is that a 
part can be placed almost casually on the table, 
as much as 1/ 16 inch from its intended position . 
Special se t-up points on the part, specified in the 
program, are probed by the machine. The location s 
of these points are used to manipula te the stored 
data in such a way as to rotate and translate the 
part to compensate for its actual location. 

Position sensors on the machine also compensate 
for any external alignment errors. Thus, if the 
table itself is askew, data fed into the computer 
eliminates the effects from the measured coordin· 
ates . 

Designing on a scope 

The active integration of computer graphics 
with numerically controlled machine operations 
may well b ecome the most significant development 
affecting design and manufacture in the future. 
Computer graphics or computer-aided design is 
already changing the electronic engineer's ap­
proach to the des ign of circuits and systems. It 
will become increasingly more important to the 
designer of machine and structural parts. 

"\Ne're hoping eventually to bridge the gap 
between an engineer's conceptual des ign of an 
aircraft or space vehicle to the production of fin ­
ished parts," says M. David Prince, associate 
director of research systems sciences at the Lock­
heed Aircraft Corp.'s Lockheed-Georgia division , 
Marietta, Ga. "We hope to do this b y improving 
the man-computer partnership, and hence increas<il 
man's productivity and creativity." 

Lockheed-Georgia has perhaps the most ad­
vanced computer graphics facility for producing 
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Multispindle drilling machine, directed by a General Electric two-axis numerical contro ller, 
turns out airframe parts at Sikorsky Aircraft plant in Stratford, Conn. 

machine parts. The company has three control 
Data Corp. model 270 graphics consoles and light 
pens, time-shared to a cuc 3300 computer, a 32,000-
bit core memory, and a disk storage unit. The 
system is used both for research and to produce 
the tooling for roughly 90% of the smaller parts 
on Lockheed's C-SA transport. It's running 14 
hours a day on two shifts. 

In the sys tem, the light pen, consisting of a 
fiber-optic bundle connected to a photomultiplier 
tube, places straight-line or curved elements on 
the scope face by sensing the location of a com­
puter-generated reference or tracking cross. As 
the pen is moved, the cross moves with it, generat­
ing the curve on the display. Exact coordinates 
of any point or geometric shape are entered into 
the system on a typewriter. A special set of words 
that call for such functions as drawing a straight 
line or a circle, are displayed along the edge 
of the scope. Their locations are known precisely 
by the computer so that any function can be called 
for by merely positioning the light pen over it 
and pressing an input button. Alphanumeric char­
acters are also placed on the scope face and can 
be selected by the light pen. 
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Lockheed displays parts that have already been 
designed on the console, their dimensions keyed 
into the system directly from the blueprint. ·work­
ing with his ligh t pen, the operator then traces out 
the path that a cutting tool would have to follow 
in order to produce the part. Information for 
operating the machine tool, such as the feed rate 
of the cutting tool and the rotating speed of the 
tool spindle, are also keyed in. 

Once the cutter path and machine instructions 
have been determined, programs in the computer 
automatically produce a numerical control tape 
that can be put onto a machine tool so that the 
part can be machined. Lockheed reports about a 3 
to 1 improvement in the time it takes to produce 
a tape with the graphics console compared with 
the time it takes to mesh the cutter path with 
the part dimensions using a conventional part­
programing language. 

Lockheed is also experimenting with using the 
scope to help design parts, but this capability 
isn't being applied to production work yet. "We're 
not really trying to do any accurate work on the 
scope itself," points out B.F. McCollum, technical 
programing coordinator at Lockheed's manufac-
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turing group. "Accuracy is maintained inside the 
core memory. The scope is more like a paper and 
pencil. An arc drawn by the operator using the 
light pen is, for example, referenced to the two 
points it joins. These points have already been 
accurately stored in the system in 24-bit words 
with floating-point arithmetic." 

The company has developed most of its own 
programs for the system. Programing comes in 
two parts : a system program that maintains con­
trol over the three consoles, the central processor 
and the auxiliary memory, performing such func­
tions as time-sharing the consoles and loading 
subroutines from the disk into the core; secondly, 
the applications-level program that handles scale 
changes and data modi£cation, generates displays, 
and provides cutting tool calculations. 

"The capacity of the core storage is a major 
element holding back further development of the 
part-design techniques," says McCollum. "Adding 
new programs and capabilities or more consoles 
cuts down on the amount of core available for 
each unit; response time also increases. As we 
plan to enlarge the system there is always the 
tradeoff to be made between cost, response time, 
and the storage needed to do bigger and bigger 
jobs. We're always looking for more memory 
without slowing down the response time too much. 

"One thing we may do is try putting all data 
in the core for a particularly active console and 
store the rest in the disk." 

Engineering aid 

Eventually, the computer graphics will be used 
for both design and manufacture. 

"After a part is designed we want to b e able 
to analyze it as a structural or a lifting device," 
says Robert A. Locke, head of the structural sys­
tem section at Grumman Aircraft Engineering 
Corp., Bethpage, N.Y. "For example, we may want 
to know how it will behave aerodynamically with 
pressure distributed over its entire surface and 
what its structural deformation will be under an 
applied set of loads for various flight conditions. 
Right now, we're developing programs that will 
apply such stresses to a part that's drawn on the 
cathode-ray tube of our display console." 

Still another application of computer graphics 
is in the des ign of textiles, a project b eing under­
taken at IBM's New York Science Center. 

"We're putting fabric patterns on our display 
scope and then modifying them until we get what 
we want," says A. Donald Rully, manager of ad­
vanced systems at the IBM center. "We can decide 
not only on the pattern but on the kind of weave 
w e want, and there are over 100 kinds of weaves. 
The result of the work is a printed output of the 
pattern , which is used to produce a set of punched 
cards for driving automated looms." 

"One problem we have," Rully points out, "is 
getting patterns in and out of the computer system 
accurately. With machine parts, designers work 
with exact dimensions. With textile designs, the 
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artist's random design is what must be reproduced. 
Often these are done freehand and it's not possible 
to get them into x-y coordinates. One of the things 
we're looking at are Rand tablet-like devices that 
sense what the artist draws and get it immediately 
into the computer." 

Automated drafting and digitizing 

Another application of numerical control is au­
tomated drafting. Special tables are useful for 
providing accurate hard copies of a design devel­
oped on a scope. But in general, the drafting tables 
are graphic input-output devices for all kinds of 
data, working directly from a digital computer, or 
from punched or magnetic tape, or punched cards. 
They're being used for drawing such things as 
aerodynamic surfaces, automobile body designs, 
machine parts , topographic maps, and photographic 
quality masters for p-c board layouts and IC intra­
connection patterns. 

The drafting system is very much like a two­
axis machine tool under contour control. However, 
it traces a contour while inking or scribing a 
drawing at a much higher rate-up to 750 inches 
per minute, compared to 30- to 60-inch speeds for 
fast-moving tools. 

Many models, such as those produced by the 
Gerber Scienti£c Instrument Co. in Hartford, 
Conn ., or the Universal Drafting Machine Corp. 
in Bedford Heights , Ohio, have either their own 
computer interface buffers or built-in digital com­
puters. Special programs stored in the computers 
may operate on the drawing data so that, for ex­
ample, different views of the same object are pro­
duced. 

Drafting systems can also digitize information 
instead of just drawing it. That is , a drawing, 
placed on a drafting table, is converted to digital 
form. This is achieved by reversing the table's po­
sitioning system-instead of driving the system 
with digital data to trace the drawing, a reticle, 
suspended over the table in place of the usual ink­
ing mechanism, is tracked carefully over the lines 
of the drawing. The x-y movements are sensed 
and converted to digital data. Closed-circuit tv 
cameras in the tracking head, coupled with auto­
matic line-following circuitry, are also available. 

Automotive companies are using three-dimen­
sional systems to prepare tooling dies for auto 
bodies. The systems work directly from clay or 
wooden models and produce the control tape from 
which the dies are machined. The time saved in 
preparing the dies can b e enormous. Tooling nor­
mally takes 18 months. But by using the new sys­
tem, the time can be shaved by as much as 14 
months, down to four months . 

Some companies offer systems that only have 
this drafting ability in reverse. One, recently an­
nounced by the Warner Electric Brake and Clutch 
Co., Beloit, Wis ., uses a joystick to slew a reticle 
over undimensioned art work It produces standard 
eight-channel punched tape that can be used to 
drive a machine tool. 
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''"Worst Case'' 
<:Noise lmmunit~ 
is our best ease 

GENERAL SPECIFICATIONS 
Voe 

Logical " 1" 
Logical "O" 
Fan Out 
Noise Immunity 

12 volts 
11 volts 

1.2 volts 
5 (min.) 

4.2 volts (typ.) 
3.3 volts (min .) 

Propagation Delay 60 nsec 

Ame!co's new High Noise Immunity Log ic 
family was made for nasty, noisy industrial 
applications. Available for the firs t time in a 
/ow-cost 16-!ead dual inline epoxy package, 
the nine-func tion HNIL Series guarantees a 
worst case noise immunity of 3 .3 volts-from 
0 to 70°C, in both the Logic " 1" and Logic 
"O" states . HN!L circuits can be used in the 
noisiest industrial control applica tions, wi th· 
out fear of spurious operation . Compare 
the prices and write for full details today. 
HNIL may be the logical answer for your next 
process control or da ta monitoring sys tem. O 
Ame/ co HNIL is available in the following 
nine logic elements* 

301 Dua l 5-lnput Buffer wi th Expanders ($2.90) 
311 J-K Flip -Flop ($4.20) 
321 Quad 2-lnput Gate with Expanders ($2.75) 
322 Dual 5- lnput Gate with Expanders ($2.75) 
331 Dua l 5- lnput Expander ($2.75) 
341 Dual Exclusive OR with Expanders ($2.90) 
342 Dua l One-Shot ($5.30) 
361 Input Interface Ci rcui t ($4.20) 
362 Output In terface Ci rcu it ($4.20) 

*Pflce,, c;hown are for quant1t1es of 1000 or more. 
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M ountai n View . Ca li forn ia • Phone : (415) 968-924 1 • REGIONAL OFFICES: East - Westwood. Mass ., 805 High Street , (617) 326·6600; 
Melv i l le, L. I. , N. Y., (516) 692-4070; Syracuse, N. Y., (315) 437-8343 ; Pa terson, N. J., (201) 696-4747; Gl enside, Pa ., (215) 887-0550; Towson, 
Md., (301) 825-3330; Orlando, Fla ., (305) 423-5ij33 • Midwest - Des Pla ines, I ll. , 650 w. Algonqui n Rd., (312) 439-3250; Cedar Rapids , Iowa, 
(319) 366-0635; St. Louis , Mo., (314) 427-7200; f"armington, Mich., (313) 474-0661; St. Paul, Minn ., (612) 488-6634; Columbus, Ohio, (614) 299-4161; 
Da llas, Texas , (214) 631 -6270 • Northwest - Home Offi ce , Mounta in View, Cal if. ; Los Altos, Cali f ., (415) 941 -0336; Seattle, Washington , (206) 
323-5 100 • Southwest - Los An geles . Ca li f. , Su ite 213, 8621 Bell anca Ave., (213) 678-3146; Los An ge les , Ca l i f ., (213) 870-9 191; San Diego, Cal if., (714) 
298-4711 ; Phoeni x, Ariz ., (602) 277-9739; Albuquerque, N.M., (505) 268-0928; Litt leton, Co lo., (303) 798-8439 • Canada- Montreal , P.Q., (51 4) 384-1420. 
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Automatic Phase Control 
the Solution for 
·End-to-End Measurements of Envelope Delay 
on Data Transmission Circuits. 
Group Delay plays an important role in 

high speed data transmission where 

maximum system capacity is to be 

utilized . 

Measurement of Group Delay (as a 

function of measuring frequency) in the 

laboratory poses no problem as trans­

mission of the reference phase is easily 

accomplished . 

But how do you solve the problem if the 

circuit under test is hundreds of miles 

long and cannot be looped? 

Even the best crystal oscillator has a 

drift which superimposes itself on the 

measurement if transmitting and re ­

ceiving ends are not synchronized . Can 

you afford a two hour wait while the 

crystal temperature reaches its as-

138 

signed value? Will you tolerate constant 
phase readjustments to compensate 
for instability in your measuring instru ­

mentation or for the changing value of 
the absolute delay of the measured cir­

cuit (as in the case of a satellite 
transmission)? 

You have more important things to do. 
You can insist that your group delay 
measuring instrumentation be operable 
immediately upon turn-on and that it 

yield reproducible , stable results. You 
can because W & G has now developed 
a measurement technique which elimi ­

nates the drawbacks of all former 
methods of measurement. 

Based on the measuring set to 14 MHz 
(Model LD-1) which has proven itself 

as the only instrument available for 

measurements on video tape recorders, 
a group delay measuring instrument 
was developed for the frequency range 

from 200 Hz to 600 kHz. Only one , 
fixed , modulation frequency of 40 Hz is 

used for the entire frequency range -
in spite of this the instrument attains 

the remarkable sensitivity of 1 µs at all 
measuring frequencies. 

You can sweep or measure point by 
point; the result is always exactly 

reproducible. 

The results are displayed on three 
meters simultaneously: Frequency; At­

tenuation ; and Group Delay. You can 
connect an X-Y-Recorder and immedi ­
ately have a permanent record of the 

test results . Obviously sol id state 
Naturally 19" Rack Mountable. 
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The New Wandel & Goltermann 
Envelope Delay Measuring Set LD-2 

Features: 

Principle: 
Nyquist principle, modulation frequency 
40 Hz, therefore, no beat with the l ine 
frequency. 

Readout: 
Simultaneous, separate, meter d isplays 
of frequency and group delay and at­
tenuation distortion ; or frequency and ab­
solute group delay and attenuation-for 
either point by point or sweep measure­
ment. Output for X-Y-Recorder available. 

Dia l Tone Elimination: 
Provisions are incorporated in the gener­
ator to avoid unwanted actuation of dia l 
tone receivers within a system under test_ 

TEL-COM 
INST R UM E NTS . I NC. 

U.S. Agents for 

Typical diagram of a 
telephone connec­
t ion recorded by an 
X-Y Recorder connec­
ted to the output. 

Frequency Range : 
200 Hz to 600 kHz. Accurate frequency 
adjustment assured by . an 8 foot long 
projection scale with sub-ranges 200 Hz 
to 60 kHz and 10 kHz to 600 kHz . 

Phase Control: 
The receiver is automatically phase syn ­
chronized to the generator via a phase 
reference t ransmitted throu gh the circuit 
under test, thus assuring repeatable 
measurements without warmup or pre­
liminary phase adjustments. 

Resolution: 
1 µs for group delay measurements ; 0 .05 
dB for attenuation. 

5 

2 

Sensitivity: 
Transmitter output level + 10 to -- 35 d8-
Receiver sensitivity + 10 to - 50 dB. 
Dynamic range of the receiver 40 dB. 

Impedances: 
75, 150, 600 ohms; plus on (generator) 
and 10 kQ (receiver) . 

Sweep: 
Sweep width from 400 Hz to 600 kHz 
continuously adjustable. Sweep time from 
0.3 second to 1 hour. 

Power Supply: 
Operation from AC line or a 24 volt 
battery. 

17715 Chatsworth Street • Granada Hills, 
California 91344 • Phone (213) 360-2278 

Wandel & Goltermann 741 Reutlingen • Germany • Postbox 259 
Representatives in CANADA: R-0-R Associates Ltd ., Don Mills , Ontario; ENGLAND: Wandel & Goltermann {UK) Ltd., 
London , W3 ; AUSTRALIA: Jacoby, Mitchell & Co., Sydney, and in 30 more countries. 
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These 14 New Devices 
Make RCA 

the Triac Leader 

140 

of the 
Industry 

Now, RCA offers you the industry's broadest line of 
Triacs, with an unmatched choice of ratings and 
triggering characteristics in space-saving packages 
... all at b·uly economical prices! Triacs are today's 
most modem, effective component for ac phase­
control and load switching. Because they can per­
form the functions of two SCR's, Triacs make possible 
new economies in full-wave power circuit design and 
cost for industrial and commercial applications. 

Current 
Rating 
lr(rms) 

2.5A 
(I Gr = 3 mA max) 

2.5A 
(IGr = 10 mA max) 

6A 

6A 

6A 

Low 
Voltage 
( IOOV) 

40525 

40528 

120V 240V 
Line Line Package 

(200V) (400V) 

modified 
40526 40527 3-lead 

T0·5 

modified 
40529 40530 3·1ead 

T0 -5 

40429 40430 T0-66 

modified 
40485 40486 2-lead 

T0-5 

40431 40432 modified 
(with integral 2-lead 

trigger) T0-5 

So for efficient, inexpensive solid-state control of 
motors, lighting, and heating, look to RCA, the Triac 
Leader. Your RCA Sales Representative will be 
happy to give you more details, including price and 
delivery. Also, ask him about RCA's complete line 
of SCR's. For additional technical data, write RCA 
Commercial Engineering, Section RN6-3, Harrison, 
N.J. 07029. See your RCA Distributor for his price 
and delivery. 15A TA2834 TA2831'1 T0-66 

• Priced in quantities of 1,000 and up. 

Circle 140 on reader service card 

RCA Electron ic Components and Devices 

~·fhe Most Trusted Name in Electronics 
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Sensitive-Gate Triacs under $1.00* 
Extremely high gate sensitivity ••• rms (on-state) 
current = 2.5A .•. and a price level that makes 
possible a new generation of controls for small 
appliances, induction motors, and sensing cir­
cuits. Maximum gate sensitivities of 3 mA or 
10 mA are actually many times greater than that 
of conventional Triacs! This means simplified 
triggering circuits and reduced component costs. 
The lOOV versions (40525 and 40528) sell for 
$0.95*; the 200V types (40526 and 40529) are 
priced at $0.98*; and the 400V units (40527 
and 40530) are available at $1.40*! 

Low-Cost SA Triacs with Integral 
Trigger to reduce design problems 
and save money 

6A Triacs in 2-lead T0-5 to Control up to 1440 Watts 
With the new 40485 and 40486 6A Triacs, RCA doesn't 
have to use an expensive press-fit package to control a 
lot of power. Both types employ the low-cost T0-5 case 
which can be easily mounted on heat spreaders using mass 
produced pre-punched parts and batch soldering tech­
niques for improved heat-sinking ability. The 40485 sells 
for only $1.50* and controls 720 watts. The 40486 can 
control 1440 watts and sells for $1.98*. And reliability 
is assured with surge current protection up to lOOA! 

15A Triacs for Load Control 
up to 3SOOW 

SA Triacs in 
Popular TO-SS Package 

Because the triggering device and the 
firing characterisitics of the 40431 and 
40432 Triacs are coordinated inside a 
compact T0-5 case, you don't have to 
worry about designing in additional trig­
gering components. You benefit further 
from reduced circuit and assembly costs, 
plus improved packaging densities! So if 
your ac-load control circuits require a 
trigger, why not have it built-in for you? 
The 40431 controls 720 watts at 120V 
and costs $1.80*; the 40432 controls 
1440 watts at 240V and costs only $2.48*. 

RCA developmental types TA2834 and 
TA2835 Triacs extend solid-state con­
trol way up into the kilowatt range. 
These powerful T0-66 units have surge 
current protect ion up to lOOA, plus all 
of the other design benefits of RCA's 
lower current Triacs. Possible applica­
tions include power supplies, heating 
controls, motor drivers, and many 
other industrial and commercial usages. 

Need full-wave control of up to 1440 
watts in a T0-66 package? RCA 40429 
and 40430 Triacs are your answer .•• 
they feature high gate sensitivity, 
symmetrical triggering characteristics 
(IGT = 25 mA max), and surge current 
protection up to BOA. The 200V 40429 
costs $1.50*, the 400V 40430 only 
$1.98*. 
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nonLIDEARS 

Bourns offers you a wide selection of single and multiturn 
nonlinear potentiometers ... available in either bushing or 
servo mount styles. The curves shown on this page illustrate 
standard nonlinear functions available from Bourns.* 

If these standard functions do not meet your needs, man.y 
others can be provided by Bourns to satisfy your most exacting 
requirements. When it comes to that "out-of-the-ordinary" need, 
call Bourns ... where total-value is a reality. Contact your 
nearest Bourns office, representative, or write the factory direct, 
outlining your requirements . . . let us help you save time and 
cut costs. 

*Write for our 4-page bulletin "Nonlinear Functions" 
for data on capabilities, resistance ranges, conformity, 
etc. 

BOURNS. INC., TRtMPOT OIV1Sl0N • 1200 COLUMBIA AVE., RIVERSIDE. CALIF. 

TELEPHONE 714 684-1700 • TWX o 910 332-1252 • CABLE o BOURNSINC. 

TRIMPOT® and Precision Potentiometers - Miniature Relays - Electronic Modules - Microcomponents. 
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Probing the News 
Consumer electronics 

CA TV: the picture of health 
Regulatory, copyright , and ownership problems have not braked 

operators ' pell -mell expansion pace; over-the-air broadcasters, 

longtime industry foes, are now scrambl ing to get into the act 

By Kay Sloman 
Staff writer 

At the annual convention of the 
National Community Television 
Association (NcTA) in Chicago this 
week, the trade group will an­
nounce a larger public relations 
budget aimed at adding impetus 
to the community antenna televi­
sion (CATV) industry's rapid growth. 
Left for dead barely a year ago in 
the \.vake of bitter hassles over reg­
ulation, copyright, and ownership, 
operators have surprised many ob­
servers by continuing to thrive. 
And despite the Congress's failure 
to act on vital legislation and a 
spate of lawsuits, the CATV busi­
ness is stepping up its expansion 
pace. 

"Despite the wrangling among 
operating interests, consumers are 
willing to pay hard cash for CATV," 
says Irving B. Kahn, president of 
the TelePrompTer Corp., a large 
operator of cable systems. Available 
data suggest Kahn is right. From 
a standing start 17 years ago, CATV 
has grown into a lucrative business 
in which some 1,770 systems serve 
well over 2 million subscribers who 
pay an installation fee plus about 
$5 a month for cable service. Cur­
rently, the industry is adding about 
18,000 subscribers a month. 

Community antenna systems offer 
home viewers a wider choice of 
programing and better reception. 
The equipment involved is rela­
tively simple: an antenna picks up 
the broadcast signals and relays 
them to a point where they are am­
plified. From there the signals are 
fed into a coaxial cable distribution 
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network wired into subscribers' 
homes. 

I. The Government game 

Until March 1966, the Federal 
Communications Commission (FCC) 
made only token efforts to regu late 
the fast-growing offshoot of the tv 
business. At that time, the commis­
sion issued its eight-point second 
report and order asserting its juris­
diction over all CATV systems and 
asking Congress to ratify its author­
ity [Electronics, March 7, 1966, p . 
151]. Perhaps the most controversial 
of the Fee's eight rulings effectively 
froze operators out of the top 100 
metropolitan markets, which en­
compass 90% of all the tv receivers 
in the U.S. 

Predictably, the industry reacted 

Growth of CATV industry 

Operating 
Year systems* Wired homes 
1952 70 14,000 
1953 150 3 0 ,000 
1954 300 65,000 
1955 400 150,000 
1956 450 300,000 
1957 500 350,000 
1958 525 450,000 
1959 560 550,000 
1960 640 650,000 
1961 700 725,000 
1962 800 850,000 
1963 1,000 950,000 
1964 1,200 1,085,000 
1965 1,325 1,275,000 
1966 1,570 1,575,000 
1967 1,770 2,100,000 

* As of J a n. 1 Source: 1967 TV Factbook 

to the agency's change of heart 
with outraged cries and a spate of 
of lawsuits. Robert Beisswenger, 
president of the Jerrold Corp., a 
leading supplier of CATV apparatus 
as well as an operator, says: "The 
Fee's jurisdiction over CATV is an 
unprecedented attempt to restrict 
the freedom of tv reception in this 
country. Cable tv has proven to be 
the bes t method for obtaining clear, 
multichannel reception. The bene­
fits of this technology shouldn't be 
denied anyone des iring this serv­
ice." 

The Alice Cable Corp., a Jerrold 
subsidiary, is one of several systems 
suing, in separate cases, to test the 
commission's authority to deny peti­
tions by the plaintiffs to reconsider 
provisions of the second report and 
order as applied to them. 

Interest groups. "Some of the 
pressures on the FCC to do some­
thing about CATV have come from 
broadcasters . They feel that since 
the FCC regulates them, CATV should 
also be regulated ," says Robert 
Kolb, an account executive with 
CBS Fi lms, a division of the Colum­
bia Broadcasting System Inc. 

Robert E. Lee, one of the seven 
Fee commissioners, says, "vVe finally 
changed our minds and decided 
that we had jurisdiction over CA TV 
b ecause it has the potential to de­
stroy local broadcasters. Although 
cable antenna television does serve 
previously unserved markets, and 
has a useful place in the communi­
cations industry, the FCC is trying to 
protect the status quo of the broad-
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Telonlc Rotary Attenuators-avail­
able In 50 and 75 ohm impedances, 
DC to 1250 MHz, graduated in .1, 1, 
and 10 dB Increments, and llave a 
range up to 109 dB. Taale Switch 
Attenuators also come ln-50 and 75 
ohms, cover DC to 300 MHz, steps of 
0.5 and 1 dB, range up to 102 dB. 

Telonic Detectors-for general pur­
pose applications with signal and 
sweep generators are useable ~· 
3000 MHz. have a YSWR of less tllan 
1.2: 1, may be specified with 50 or 
75'ohm impedance, and with avarlety 
of connectors. 

Telonic Coaxial Switches-compact, 
li(bt weight, over 70 dB crustalk 
r&Jtction, with YSWR less titan 1.1: 1 
and insertion below .1 dB, at 1 8Hz. 
One pole, 8 · position, two and four 
pole, 2-rosition are all available with 
optiona external wafer switch. 

/~· 
INSTRUMENTS 

A Division of Telonic Industries, Inc . 

• 
60 N. First Ave., Beech Grove, Ind. 46107 
Tel. (317) 787-3231 TWX.·810-341-3202 

SWEEP/SIGNAL GENERATORS AND ACCESSORIES 

Representatives throughout the U.S., Canada 
and overseas. Branch offices in Maidenhead, 
England, Frankfurt, Germany, and Miian, Italy. 
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••• the Congress shows no inclination 

to pass CATV legislation this session ••• 

casting industry." 
Lee concedes, however, that "in 

a way broadcasters promoted the 
CATV industry by not being respon­
sible. They got fat at an early age 
and didn't worry about small tv 
markets." 

11. Task force 

Last December, the FCC es tab­
lished a CA TV task force ostensibly 
to deal with the Rood of waiver 
requests from operators seeking 
entry into the top 100 markets. But 
Stanley Kaufman, deputy chief of 
the task force, cites another reason : 
"The CATV industry complained that 
it was unfair to have their activi­
ties regulated by the Fee's broad­
cas t bureau. " 

Some observers feel that CATV's 
freeze-out problem may be moot if 
waivers continue to be granted in 
as lenient a manner as they have 
been. The nation's two top markets, 
New York City and Los Angeles , 
have been thrown open to CATV 
systems, and installations are being 
made in other major areas. 

Publicly, broadcasters are con­
cerned about the commission's per­
missive approach to waivers. A 
leading broadcasters' trade group, 
the Association of Maximum Serv­
ice Telecasters contends: "This ero­
sion must be curbed or the damage 
to existing and future free broad­
casting will be beyond the power of 
the FCC or Congress to ever repair." 

Commissioner Kenneth A. Cox 
agrees: "The FCC has not been 
carrying out the provisions of the 
second report and order in allow­
ing some CATV systems to import 
distant signal s. We are undermin­
ing our own rules." 

By simply enacting legislation­
pro or con-Congress could turn 
down the volume on the regulatory 
debate. But although the Fee's pro­
posed amendment to the Communi­
cations Act is pending, the legisla­
tive branch shows no inclination 
to pass such a law this session. 

111. Copyright capers 

Congress has also passed the 
buck on another issue vital to CATV 
interests-the ques tion of fees for 
copyright holders . In the absence 
of legislation-CATV provisions were 

deleted from the House version of 
the proposed new copyright law 
now pending in the Senate-the 
industry is making do with judicial 
decisions. 

The landmark case, so far, is 
United Artists Television Inc. vs. 
the Fortnightly Corp. In this case, 
F ederal District Court Judge Wil­
liam Herlands ruled in New York 
over a year ago that the CATV opera­
tor, Fortnightly, had to reimburse 
the plaintiff for relaying its copy­
righted motion pictures by cable. 
Last month, a Federal appeals court 
upheld Judge H er lands' decision. 
An appeal will be made to the Su­
preme Court. 

The appeals court judges stressed 
in their decision that the Fort­
nightly case doesn't cover all the 
ramifications of CATV vis-a-vis the 
copyright laws. F or example, they 
suggest that if a CATV system car­
ries signals that a viewer would be 
able to get from a conventional 
antenna, the operator would only 
be making the signal clearer and 
thus would not b e subject to copy­
right fees. 

No solution. "The copyright de­
cision didn't satisfy anyone," says 
Frederick W. F ord, president of 
NCTA and a former FCC commis­
sioner. "The rules of the game must 
b e laid down by Congress. Its first 
decision will probably be on copy­
right. Once this is decided, eve1y­
thing will fall into place. The fu­
ture of CATV will obviously b e de­
cided in Congress." 

IV. Who's on first 

Meanwhile, a real scramble is 
developing for CATV properties. 
"\i\lhile the FCC and Congress are 
agonizing over the regulation of 
CATV, people in the communications 
fi eld are no longer asking what's to 
be done. Instead, they're trying to 
find ways to get in on the act," says 
NCTA's Ford. Publishers, radio in­
terests, independent telephone com­
panies, and-ironically enough-tv 
broadcasters are all Rocking into 
the CATV business. 

Accurate fi gures on ownership 
are hard to come by since the FCC 
didn't require operators to file with 
the commission until the second 
order and report. Frequent changes 
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in ownership and feverish installa­
tion activity also make soundings 
difficult. However, on the basis of 
the partial reports on file with the 
FCC, the NCTA calculates that there 
were 1,765 CATV sys tems operating 
at the beginning of 1967. Another 
370 were in various stages of con­
struction and some 1,000 would-be 
operators held building permits. At 
least one-third of the operating 
CATV systems have ties with radio 
or tv broadcasting interes ts, 15% 
are owned by newspaper and maga­
zine publishers, and about 25% are 
in the hands of independent tele­
phone companies or on lease from 
the American Telephone & Tele­
graph Co.'s Bell System. 

Ambivalence. Broadcasting inter­
es ts are of two minds about CATV. 
\Villiam Carlisle, vice president for 
station services at the National As­
sociation of Broadcas ters , says, 
"The NAB isn't opposed to the 
growth of CATV, but it is against its 
uncontrolled growth. It is a para­
sitic industry, feeding off an exist­
ing fi eld, and until recently it didn't 
have to pay for anything except 
equipment." 

Carlisle notes, however, that the 
association has no particular ob­
jection to broadcasters' owning 
c ,\TV systems. It's just as well. For 
despite the official enmity of their 
leading trade organizations, a num­
ber of broadcasters-networks and 
indepedent groups alike-are jump­
ing into the CATV business. 

"There's a paradox about CATV: 
while public opinion is that all 
broadcas ters are against CATV, the 
broadcas ting industry has embraced 
it," says Larry Walz, administrator 
of CATV development at the Na­
tional Broadcas ting Co. "NBC is 
continually exploring and seeking 
CATV acquisitions and fran chise op­
ations. \ i\Te have a subsidiary in 
Kingston, N.Y., and three months 
ago ·we bought 80% of a sys tem in 
Los Angeles County." 

CBS has interes ts in some Cana­
dian CATV systems and one in a 
small village in Argen tina. "\Ve 
have an option on a system that's 
been in exis tence for 15 vears in 
San Francisco. It is a re~sonahl e 
assumption that CBS is waiting to 
see what happens in Congress and 
the courts b efore going into CATV 
in the U.S.," says Merle S. Jones, 
president of CBS-TV Stations Inc. 

The Cox Broadcasting Co.'s CATV 
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Columbia Components 
Thick-film hybrids. 

Send us your specs for fast action. 
The answers to your micro-packaging 

problems are as close as this coupon. 
The hybrid circuit is a versatile tool 

in the hands of the design engineer faced 
with problems in high power ratings, 
thermal tracking, precision component 
tolerances, intermixing monolithic IC's 
and other interfacing circuitry and com­
ponents. In applications where the de­
sign may undergo changes up to the 
first production article, the hybrid offers 
the designer freedom to institute ne­
cessary changes with minimal cost and 
time. 

Columbia Components Corporation's 
Thick-Film Hybrid Circuits are capable 
of reproducing any given circuit without 
degradation in circuit functions. These 
hybrids also present the most econo­
mical approach to most problems. 

r--------------------------~ 
Please ske tch schematic (or print, Generic 

if available) and attach. 
R Valve Toi. T.C. Wattage Q Type Toi. 

RI Ql 

R2 02 

Application R3 QJ .. Q4 

R5 Q5 

R6 Q6 

Customer Print # R7 

RB 

R9 

RI O 

Rev: Lead Forming 
Generic 

c Valve Toi. Roted Vol tage CR Type Toi. 

Is qualification acceptance required? __ _ 
Cl CR ! 

C2 CR2 
Is lot acceptance required? _____ _ CJ CRJ 

C• CR4 

Package style & size; _______ _ cs CR5 

C6 CR6 

Cl 
Body Material _________ _ 

CB 

C9 

Lead materials _________ _ CID 

MAXIMUM RATINGS 

Environmenta l Specifications 

Storage Temp. Range Operating Temp. 
Military Specs., if any Frequency 

Ambient Temp. Power Dissipation of 25 °( Other applicable specs 

D Have your engineer call. 
D Send descriptive literature. 

Voltages 

Nome Titl e 

Company 

Address Telephone 

[I ;~LUMBIA COMPONEN;~ CORP~, 
A Subsidiary of Computer Instruments Corp., 

L Woodside, N. Y. 11377. Tel: (212) 726-2600 J 
--------------------------Circle 145 on reader service card 145 



New, Tunable (Lock-in) 

Coherent Amplifier 

MODEL300-A 

For Measurement of 
Ultra-Low Level Signals 
in the Presence of Noise 

• Continuously tunable from 1.5 
Hz - 200 kHz 

• Variable Q from broadband to 
25 

• 160 db gain (100 nV- full scale) 

• 0.1 uV equivalent noise voltage 

• Plug-in preamplifiers 

• Reference channel drives co-
axial switch or chopper directly 

Applications: 
The Model 300-A Coherent Ampli­
fier is useful for detection of ef­
fects of biological stimuli, photo­
metric measurements at low S/N 
ratios, conversion of a commu­
nications receiver to sensitive 
radiometer, magnetic field effect 
studies, cross-correlation mea­
surements, and general amplifi­
cation and measurement of low 
level signals in the presence of 
noise. 

Write for data on the Model 300-A 
Price $1795 (including basic pre­
amp) 

Also available are: Fixed Fre­
quency Coherent Amplifiers, Co­
axial Switches, Radiometric Re­
ceivers, and Klystron Frequency 
Stabilizers. 

- Teltronics, Inc. 
Subsidiary of Roanwell Corporation 

P.O. Box 466, Nashua, New Hampshire 03060 

603-889-6694 
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subsidiary owns systems in six 
states. "Cox's faith in the future of 
CATV is shown by our recent pur­
chases of two systems in California 
-Mission Cable Tv Inc., the larges t 
system in the U.S. , and Bakersfield 
Cable Tv Inc. We've doubled our 
number of subscribers to a total of 
about 75,000," says a spokesman. 

Charles Woodard, president of 
the " ' estinghouse Electric Corp.'s 
Group W CATV subsidiaries says, 
"'Ve've owned such systems for 
three years, and believe CA TV is a 
natural extension of the communi­
cations business. However, we sup­
ported the Fee's freeze on the top 
100 markets because of the compe­
tition for local stations. We'd go 
into the top 100 in a situation 
where CATV would fill the gaps." 

V. Busy signals 

Some CATV operators like Wes­
tinghouse own their own cables, 
since it is generally more econom­
ical to build than to lease. As a 
rule, operators who don't own their 
own cables pay to use Bell System 
lines. 

For years CATV operators have 
been complaining to the FCC that 
the phone company's pole rental 
and cable rates favor AT&T sub­
sidiaries. The commission is now 
conducting hearings on these alle­
gations. 

Stop order. A 1956 antitrus t con­
sent decree enjoined AT&T from en­
gaging directly, or indirectly 
through its subsidiaries , in any busi­
ness other than the furnishing of 
common carrier communications 
services. But this decree didn't ap­
ply to the some 2,246 independent 
phone companies in the U.S. and 
Puerto Rico. United Telephone Co. 
of Ohio, a subsidiary of United 
Utilities Inc.; General Telephone 
& Electronics Corp. ; and the Con­
tinental Telephone Co. are among 
the independent phone companies 
owning CATV systems. GT&E alone 
owns 36 such systems. "In some 
places we lease cables , in others we 
own the cable," a company spokes­
man reports. 

The FCC has maintained that CATV 
is not a common carrier. If it were 
the commission would have to ap~ 
prove rates and franchises as well 
as es tablish operating ground rules 
under provisions of the Communi­
cations Act. 

D espite a court ruling affirming 
the commission's stand, Bell is 

still trying to get the FCC to call 
CATV a common carrier. Cliff Wil­
liamson, assistant vice president of 
engineering at AT&T says, "We con­
sider CATV a common carrier and 
sell them a communications serv­
ice.'' 

But the Fee's Kaufman warns: "If 
the FCC changes its definition of 
CATV, Bell could take over tomor­
row. The prospect of one line into 
every home conveying all messages, 
owned by a small minority fright­
ens the hell out of me. An edu­
cated guess is that the phone com­
pany will get its way with the FCC. 
By the time those on Capitol Hill 
and the public realize what's hap­
pening, it'll be too late." 

NcrA's Ford comments: "If the 
FCC changed its mind and now de­
clared CATV a common carrier, it 
would be the height of irrespon­
sibility. They'd have to reopen 
hearings and such a change in pol­
icy would b e inconsistent. Rede­
fining CA TV as a common carrier 
is a possibility, but not a probabil­
ity. I doubt if Congress would 
stand for this ." 

Operators tend to agree with 
Ford. One asserts that local gov­
ernments are so involved with CATV 
that if the Fee declared it a com­
mon carrier, they'd lose money. 

Rebuttal. Gordon N. Thayer, an 
AT&T vice president, emphasizes 
that the Bell System has no inten­
tion of providing CA TV service di­
rectly to customers. However, a 
C.\TV task force member rejoins, 
"Bell says it's not now involved in 
CATV because of the terms of the 
1956 consent decree. 

For all the furor over its growth, 
CATV is not yet a particularly prof­
itable proposition for some oper­
ators. Ford claims that broadcast­
ers paint a mu ch rosier picture of 
the industry than actually exists. 
He says, "If the system I'm involved 
in is any barometer of the industry 
as a whole, profits are pretty lousy." 
" vVestinghouse's ' Voodard says, 
There are only two types of CA TV 

operators making profits-those 
who've been in the business for 10 
years or so and those running a 
one-man operation." 

But TelePrompTer's Kahn dis­
agrees: "We are staking our cor­
porate life that 85% of all U.S. 
homes will have CATV within eight 
years. We have $29 million to in­
vest and are looking to buy large 
systems." 
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IMMEDIATE DELIVERY 
FROM STOCK 

VIDEO UNIT 

DYNAMIC AMPLITUDE 
RESPONSE OUTPUT 

DYNAMIC GROUP 
DELAY OUTPUT GROUP TYPE LFM 

(ENVELOPE) DELAY TEST ASSEMBLY 

FEATURES: 

• Measures Group Delay Of: 

• Video Systems, 0.1·10 MHz 
• VHF Systems, 25 • 250 MHz 
• UHF Systems, 250 • 1000 MHz 

(extended with Type MAD 
Modulator) 

• Measurement Range: ± 10 to ± 1000 
nsec, f.s.d. with a resolution of 
0.25 nsec. 

• Accuracy (Group Delay): ± 2% f.s.d. 

• 20 kHz probing frequency gener­
ated by internal Xtal reference 

• Measures Group Delay in Presence 
of Sync. and Blanking Pulses 

Get The Extra Capability, 
Greater Relia bility, and 
Longer Useful Life Of ••• 

APPLICATIONS 

Measure Group Delay Of: 

• Active and Passive Devices 
• TV Transmitters 

• Video Tape Systems, Amp· 
lifiers, etc . 

• Data Transmission Systems 

SWO F VIDEOSKOP provides 
dynamic plotting of envelope 
delay when used with Type 
LFM. 

Group (Envelope) Delay measure­
ment is of primary importance for 
the reduction of phase distortion 
of high quality TV and data trans­
mission systems. Type LFM Group 
Delay Test Set has been de­
signed particularly for measure­
ments on TV-systems and net­
works. Measurements are made in 
the base-band, at VHF and UHF, 
and on modulated VHF carriers. 
Measure point-by-point or dynam· 
ically by means of Type SWOF 
Videoskop which plots these data 
automatically. Use of a low pass 
(30 Hz) filter in the phase bridge 
makes plotting of the envelope 
delay curve possible in the pres· 
ence of sync and blanking pulses. 

ROHDE & SCHWARZ 
LEXINGTON AVENUE, PASSAIC, N. J. 07055 • (201) 773-8010 

Inquiries outside the U.S.A. should be directed to Rohde & Schwart, Muehldorfstrasse 15, Munchen 8, West Germany 

Electronics I June 26, 1967 Circle 147 on reader service card 147 



Solid state 

Second front for semiconductors 
Component manufacturers are supplying functional solid state packages 

for applications in consumer, industrial , and military markets; 

ease of installation appeals to customers not oriented to electronics 

By Mark B. Leeds 
Solid st ate editor 

Alert semiconductor makers no­
ticed several years ago that middle­
men were buying a few dollars 
worth of components and convert­
ing them into devices selling for 
several times the original cost of 
parts. Carefully picking their spots 
-so as not to ruffie the feathers 
of important customers-four large 
houses have edged into similar 
ventures. By going a step beyond 
their traditional activities, they 
have quietly built a thriving trade 
in a new breed of modular sub­
assemblies and are now opening up 
markets hitherto untapped by the 
electronics industry. 

The devices are variously called 
solid state conh·ol assemblies; uni­
tized semiconductor assemblies; 
assembled functions ; and advanced 
product subsystems. But all are 
substantially equivalen t : they are 
low-cost, solid state modules, in­
corporating semiconductors and 

other components, designed to do 
specific tasks, electronically, in in­
dustrial, consumer, and military 
products. Modular subassemblies 
should not be confused with diode 
and rectifier bridges, amplifier 
units, or other complex semicon­
ductor packages. Typically, manu­
facturers operate out of semicon­
du ctor facilities, and their high vol­
ume production is quite different 
from the development activities of 
laboratory groups, aerospace de­
sign centers, and industrial systems 
divisions. 

Nice and easy. Unlike integrated 
circuits or large-scale-integration 
(LSI) devices which require further 
engineering design before they can 
be incorporated in a particular 
piece of equipment, modular sub­
assemblies can be produced in 
volume lots and plugged into a sys­
tem to be put to work. Alterna­
tively, they can be made to operate 

on their own as separate units. 
Temperature controls for facsimi le 
photocopying machines, speed con­
trols for hand tools, and shutter 
conh·ols for cameras are but a few 
of the integral applications . Lamp 
dimmers for standard sockets, bat­
tery chargers, and portable light 
flash ers are some end products. 

Now six years old, the business 
is already running at an annual 
rate of close to $200 million. But 
within 10 years, semiconductor 
houses' volume in this area could 
reach $3 billion-an es timated 30% 
of the total subsys tems market and 
greater than projected IC sales. 

At the moment, this fi eld is still 
the private preserve of just four 
firms , each of which uses a differen t 
name for its wares. Senior member 
of the select group is the General 
Electric Co., which has been pro­
ducing since 1961. Motorola Inc. 
has been in the business for four 

On the line. Employees at Motorola work on motor-speed controls for power tools. Subassemblies of this type 
can be easily installed by customers in a variety of industrial and consumer goods. 

148 Electronics \ June 26, 1967 



years, while Texas Instruments In­
corporated has just over one year's 
formal experience. Tewest in the 
fraternity, with less than one year's 
exposure in the marketplace, is the 
Philco-Ford Corp. 

There are a number of a ttrac­
tions in subassemblies: research 
and development costs are minimal, 
sales growth averages a handsome 
25% to 60% a year; and profits 
can be realized almost immediately. 

I. The waiting game 

Semicondu ctor firms are provid­
ing their specialty servi ces largely 
for companies that have neither the 
resources nor the desi re to b ecome 
deeply involved in electronics . Os­
tensibly, such outfits approach de­
vice makers with a particular func­
tion in mind, furnishing size, 
environment, packaging, and cos t 
specifications . If an analysis indi­
cates that the unit can b e built 
profitably, the semiconductor house 
wi ll generally take on the project. 
\i\Then it's finish ed, the customer 
plugs, wires, or otherwise attaches 
the assembly to his equipment­
without concerning himself with 
the technology involved. 

Over the transom. The almost 
diffident approach of semicondu c­
tor firms to the fi eld is reflected in 
the way th ey have been ge ttin g 
business. John Mungenast, manager 
of market development for GE semi­
condu ctor products, says, "Approx­
imately two-thirds of our orders 
have been unsolicited-although 
most customers have used GE prod­
ucts or heard about them in the 
past ." 

At Motorola, Ian Dickson, opera­
tions manager, says that 80% of 
the company's unitized functions 
business comes in without an ac­
tive procurement effort. 

On the other hand, Philip R. 
Thomas, who heads n's assembled 
functions group, attributes better 
than 50% of the company's subas­
sembly bookings to aggressive sell­
ing tactics. Philco-Ford's experience 
has b een similar to that of TI. 

All four firms are stepping up 
marketing efforts and expect other 
large semicondu ctor manufacturers 
to enter the market soon because 
the potenti al is so great. For one 
thing, a subassembly group can 
operate as a separate profit center. 
For another, such an operation can 
b e a steady customer for a firm's 
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• 
• • Easy way out. Su bassem bl ies like these Motorola devices are popu lar 

with manufact urers that don't want to get involved in elect ron ics. 

component groups . Finally-and 
perhaps most important-modular 
su bassemblies afford an excellent 
means for market development, 
parti cularly in industrial and con­
sumer areas where electronics tech­
nology has made no signifi cant pen­
etration. 

11. Serendipity 

General Electric, which pio­
neered modu lar subassembly tech­
niques, made its start through 
chance. Six years ago when the 
si licon controlled rectifier was in 
its infancy, GE engineers developed 
scr motor-control circu itry. 

A large manufacturer of electric 
saws recognized the possibilities of 
scr control. However, this company 
was unwilling to get involved in 
circuit design and reluctant to set 
up a production line. Accordingly, 
it reques ted GE to supply scr subas­
semblies . On the grounds that its 
operations were not attuned to the 
venture, General Electri c at first 
demurred. But the saw maker in­
sisted. 

Capitulation. E ventually, GE, still 
showing its distaste for the project 
but committed to the worth of scr 
control , agreed to make the sub­
assembli es . It offered to produce 
the first 10,000 units for $7 apiece, 
the nex t 10,000 for $8 per unit, the 
nex t 10,000 for $9, and so on, hop-

ing the escalated terms would en­
courage the saw maker to take 
over production. But things didn't 
work out that way. 

During the first few months of 
the venture, GE turned out 50,000 
scr units. Anticipated production 
problems never developed and the 
company found itself making a tidy 
profit on scr orders. Subsequently, 
other control circuit needs were 
identi fi ed and satisfied for addi­
tional customers and the solid state 
control assembli es group was on its 
way. 

Neal Dowling, GE's product plan­
ner for subassemblies, points ou t 
that GE has been careful to pick its 
spots. "\ Ve didn 't want to compete 
with our component customers, so 
we res tricted ourselves to new mar­
kets ," he says. "W e tried to reach 
established firm s, rather than fly­
by-night operators . \Ve prefer those 
ori ented to innovation-people 
with marketing savvy whose ac­
ceptance of solid state controls 
would induce others to follow suit." 

D owling reports that during the 
last six years GE has considered 
some 200-odd subassemblies but 
on ly 50 or so devices have b een 
built. However, more than 2 million 
modules have been produced over 
this span. Among the commercial 
units GE has made are speed con­
trols for a drill manufacturer, dim-
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... customers couldn't care less 

about the insides of the module ..• 

mers for slide projectors, air con­
ditioner controls, and power switch­
ing modules for utility systems as 
well as light-switching controls for 
automobiles, appliance controls, 
thyratron firing modules , dashboard 
indicator arrays, computer lighting 
subassemblies, and heater controls. 

In the case of nonproprietary 
subassemblies, GE has slightly modi­
fied designs so it can offer off-the­
shelf wares. "\Ve now have more 
than a dozen standard items for 
various industrial and consumer 
applications," Dowling says. "The 
number is growing and they may 
pave the way for more rapid ac­
ceptance of solid state controls. 
Prices are lower than on custom 
units , and orders can be fill ed more 
quickly." 

111. Something to gain 

Texas Instruments entered the 
field on a somewhat different basis 
than GE. Thomas says, "vVe saw the 
need for a group to explain the 
potential of subassemblies to our 
customers and we wanted to crack 
the industrial and consumer mar­
kets-particularly, potentially prof­
itable areas where management 
was unaware of what solid state 
electronics could do." 

Along with its industry fellows, 
TI quickly concluded such custom­
ers were without know-how, re­
lu ctant to invest in staff and pro­
duction equipment, short on time, 
and extremely dollar conscious. "If 
they go solid state, they want to 
know how much, how soon, and 
what size-they couldn't care less 
about the insides of the module," 
says Thomas. "As a rule, they want 
a black box that can be fastened 
to their equipment and put right 
to work, lighting a lamp, turning a 
motor, switching something, or 
whatever. And we offer this serv­
ice." 

Potpourri. Texas Instruments has 
turned out more than 50 assem­
blies, and in some cases, volume 
has run into the hundreds of thou­
sands of units . In addition to semi­
conductor assemblies similar to 
those offered by GE, the company 
vends integrated circuit modules 
for the military, logic modules for 
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machine tools, power-distribution 
switching modules, and refrigera­
tion controls for trucks and vans. 
On the verge of introducing stand­
ard assembled function products, 
TI plans to lead with complex inte­
grated circuit modules. The com­
pany hopes these devices will pave 
the way for LSI. "The ultimate," 
says Thomas, "will be assembled 
integrated equipments, combining 
LSI, power devices, transducers, in­
terfaces , and the necessary means 
for heat sinking." 

Reverse order. Motorola's entry 
in the modular business resulted 
from customer requests and man­
agement's appreciation of the mar­
ket potential. Unlike the others, it 
first developed standard items, then 
went into the custom fi eld. The 
company prefers to group its com­
plex module products with unitized 
assembly operations. Dickson con­
siders modular subassembly the 
precursor of LSI , and expects future 
assemblies to be highly integrated. 
The company's product lines are 
similar to those of its competitors. 

Philco-Ford's move into the sub­
system sweepstakes stemmed from 
the Microelectronics division's dif­
ficulti es with the Victor calculator 
project [Electronics , March 6, p. 
231) and a management decision to 
reorganize operations along engi­
neering and manufacturing lines 

Double duty. Solid state converter 
is used for starting motors in 
lawn mowers and snow blowers. 

instead of remaining a component 
house. Assembly operations were 
included in the new effort. Dave 
Condon, manager of engineering, 
considers subassembly activity "as 
important as component operations 
now." To date, Philco-Ford, which 
devotes a higher percentage of its 
modular effort to military business 
than any of its three rivals , has 
made electronic fuzes , automotive 
controls, code-detector modules, 
and navigational subsystems. 

Turnkey. In most cases, the de­
velopment and design of modular 
subassemblies is handled by the 
solid state houses. Instead of nor­
mal engineering assistance, the 
semiconductor firm provides a com­
plete job-including contents, pro­
duction, and the packaging. Typ­
ically, the innards are semiconduc­
tor components purchased down 
the hall. Passive clements , wiring, 
hea t sinks, printed circuit boards, 
and even relays, tube sockets , and 
switches, also find their way into 
modular subassemblies. 

IV. In the driver's seat 

Semiconductor houses have sev­
eral advantages over other firms 
that want to get into the modular 
subassembly business. For one 
thing, they have easy and relatively 
inexpensive access to components. 
For another, the testing of most of 
the individual elements has already 
been done, which saves a produc­
tion step. Related materials, such 
as epoxy, or the metal for chassis, 
can usually be obtained from local 
sources. Richard J. H anschen, as­
sistant vice president and market­
ing manager for Tl's Semicon­
ductor-Components division says, 
"Only a few firms have a broad 
enough product and materials ca­
pability to provide the start-to­
finish work on functional modules." 

In most cases, the engineering 
talent required is already on the 
premises. Personnel in the applica­
tions department, instead of b eing 
limited to circuit design, develop 
a module to fit a particular func­
tion. One critical skill , assembly, 
isn't always as readily available; so 
semiconductor makers have been 
hiring mechanical and industrial 
engineers, creating a demand for 
these specialists. 

Dumping ground. Semiconductor 
makers enjoy yet another plus : they 
can use general-purpose and even 

Electronics I June 26, 1967. 



out-of-tolerance units in their de­
vices. Most industrial and consumer 
goods companies don't require 
high-speed transistors or low-power 
1c's. Moreover, they're primarily 
concerned with the input and out­
put operations-not internal lay­
outs. Both n 's Thomas and GE's 
Mungenast stress the importance 
of this factor. The freedom to use 
functional rejects permits semicon­
ductor firms to price their wares at 
attractively low levels. 

In the few cases where a cus­
tomer has his own design featuring 
alien components and semicon­
ductors, the big houses, with their 
vas t resources, can usually come up 
with equivalent devices so that a 
total package can be furnished 
from in-house stocks. Moreover, 
most large firm s generally produce 
res istors, capacitors, and related 
items, enabling them to operate as 
sole-source suppliers. Smaller semi­
condu ctor makers simply do not 
enjoy th ese advantages; nor do 
they have ready access to mass in­
dustrial and consumer outlets. 

Squeeze. Spokesmen at major 
semiconductor houses believe the 
smaller makers, medium-sized sub­
contractors, and original-equipment 
manufacturers will experience some 
erosion of their business . No one 
will paint a bleak picture of the 
future of the distributor market 
but clearly, as the sales of individ­
ual components are affected by 
modular subassemblies, volume will 
decline. H owever, this decrease 
may be offset somewhat if enough 
standard devices are re tailed as off­
the-shelf items through distributors. 

V. Good business 

General Electric's Mungenast 
notes, "The business is more stable 
than component sales. With semi­
conductors, you have to live with 
continually dropping prices, and 
the dynamics of technological 
change. Subassembly prices remain 
fairly firm . W e're still producing 
and selling units introduced years 
ago for the same price. Once you've 
penetrated a new market, you stand 
a chance of picking up business 
from the lagging competition with 
either a standard unit or a new 
custom design. With semiconduc­
tors, you rarely know when you'll 
be undercut, overpowered, or out­
maneuvered." 

"In addition, our custom items 
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30,000 INCREMENTAL FREQUENCIES 
(3x10-5) FOR $ 2.100 

Codasyn 301 
GENERA TOR VERSATILITY 
SYNTHESIZER ACCURACY 

TRIPLE RANGE 0.1 Hz to 100 kHz • DIGITAL FREQUENCY SELEC­
TION • REMOTELY PROGRAMMABLE • 7 MILLI SEC SWITCHING 
SPEED • IC DESIGN AND SOLID STATE RELIABILITY • SPECTRAL 
PURITY AND HIGH STABILITY • VARIABLE OSCILLATOR • COM­
PACT AND LIGHT WEIGHT. 

301 

2100 $ 

+ 
321 

350 $ 

311 

400 $ 

. 2850 $ 

The Codasyn 301 in laboratory measurements permits : bridge 
measurements, work with filters , networks - rapid location of loss 
peaks in test ing crystal fi lters - operation of the generator-synthesizer 
as a sweep generator - communications, carrier-current telephony, 
narrow band telemetry measurements - electroacoustic - medical 
electronic - vibration tests - all measurements or operations requi­
ring source of reference frequencies for standards labs, etc. The 
Codasyn301 in automatic measurements is adaptable to the program­
mer 311 and the display UNIT 321 . 

ilJI_ ~=I adret: §u~ 1iIS rs@l 
507 FIFTH AVENUE NEW YORK. N.Y. 10017 
TELEPHON (212) 661-1768. CABLE ADDRESS : ADRETEL 
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THE 6 WATT 
9589 SERIES 
(23 Models) 

Output Power Capability: 6 watts 
Operating Temperature: - 55'C to + 1 OO' C 
Input Voltage: 25-31 vdc 
Line Regula tion: 0.1 % 
Load Regulation: <3% (Yz to ful l load) 
Output Ripple: <0.6% p-p 
Efficiency: > 46% 
No Load Current: <75 ma 
Voltage Adjustability : ± 10% 
Volume: 4.3 cu. in . (1.75"x 3.5"x .7") 
Weight: 7 oz. 
Voltage Range: 5 to 5000vdc; 

± 15, ±25, ± 50, ±1 00 

Other T. E. C. Power Supplies-1 WATT, 
9583 Series; 3 WATT, 9567 Series; 10 
WATT. 9584 Series-Write or Call for 
complete details. 

ml 
TRANSFORMER 
ELECTRONICS 

COMPANY 

I ll BOULDER INDUSTRIAL PARK 

lli BOULDER . COLORADO 

TWX 303 443 ·2511 PHONE (303) 442-3837 

r;ml POWER SUPPLIES• INVERTERS um CONVERTERS • TRANSFORMERS 
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Good deal. General Electric's John Mungenast and N eal Dowling agree the 
modu lar subassembly business is more st able t han the co m po nent f ield . 

are manufactured on a contractual 
basis ," says Mungenast. "They go 
immediately to the customer and 
don't lie around on shelves. ' Ve 
won't even build a subassembly un­
less a market is es tablished, or close 
to it, and the profit projection sub­
stantiated. This greatly reduces 
capital risks ." 

Volume. Thomas of TI points out 
that the production runs are usu­
ally long term : ""'e may have a 
dozen different products being as­
sembled at one time, and the sched­
ules run into months, sometimes 
years- on an intermittent basis, of 
course. \Ve program the lines to fit 
the contract, and this gives us a 
flexibility rarely found in compo­
nent manufacture, where one must 
often anticipate, rather than pro­
vide." 

What's ahead. Certainly, semi­
conductor makers' ability to pro­
vide industrial and commercial 
customers electronics-on a low­
cost, volume basis-has played the 
leading role in the success of mod­
ular subassemblies. Now, produc­
ers are zeroing in on other poten­
tially lucrative outlets, the compu­
ter fi eld and the military, where the 
specification ground rules are a bit 
tougher. Spokesmen at Motorola, 
CE, and TI all say the military is 
showing greater interes t in their 
work. 

Texas Instruments is now work­
ing on standard re modules for the 

avy, which, Thomas says, "could 
be the biggest thing for us since 
Minuteman." He adds, " YVe soon 
expect to be supplying 100-gate as­
semblies and other functions to 
bridge the gap between today's Ic's 

and tomorrow's LSI products." John 
Keyes, engineering manager at 
Philco-Ford's Microelectronics fa­
cility, reports his company is work­
ing on three metal oxide semicon­
ductor subsyste111 projects for aero­
space and mi litary customers. All 
four firms are after orders in these 
areas, hoping to make deep inroads 
before rivals get in on the act. 

However, with re's, including 
LSI devices, more design is required. 
Input and output, biasing, interfac­
ing, and related factors must all be 
considered. A working knowledge 
of digital and linear techniques 
is also a must. Since re's are funda­
mentally small-signal units, their 
power handling is res tricted to me­
dium levels of a few watts. For 
dissipations above this point, de­
vices may be harnessed with dis­
crete chip-driving or controlling 
thyristors, power transistors , and 
the like [Electronics, May 15, p. 26] . 
This has already b een accom­
plished with modular su bassem­
blies. The re's used have been com­
plex units or combinations of older 
types. Thus, LSI will simplify the IC 
portion of future modular produ cts. 

By the same token, makers will 
introduce more complex component 
assemblies-for example, a small­
signal transis tor and a power pellet 
in one can. Such devices would 
interface with an IC subsystem to 
become part of a new unit. There 
is no conceivable power limit for 
modular subassemblies ; nor are 
th ere particular res traints in terms 
of frequency or complexity. De­
vices are technically limited only 
by the skill and ingenuity of their 
producers. 
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ide" range of frequencies, types, and performance 
characteristics that you don't have to design "around" 
hem. Your specific requirements are programmed into an 
ngineering computer, the filter designed and then produced 
o ·these precise parameters. 

· Basically modular, T elonic filters can be manufactured from elements 
in.stock, providing another benefit in fast delivery'!" With over 100,000 

0 lter designs already produced, even so-called special types may 
lieady be standard. Here is the broad selection you have in designing -
requencies from 30 MHz to 12 GHz • Lowpass • Bandpass • Tubular 
Miniature • Cavity • Interdigital • Tunable 

ith _that variety, quick delivery, and high performance, do you even 
need · a second source? 
*Three-day, Jet Order Service available 

x 277, • Laguna Beach, Calif. 92652 • Tel. : 714-4?4-9401 • TWX: 910-596-1320 
Representatives throughout the U.S. and foreign countries. hctory 
offices in Maidenhead, England, Frankfurt, Germany, and Milan, Italy .. 

, • 52 page Filter Textbook • 
Teionic's new catalog contains never before published 

data· on Jilter-insertion loss, attenua tion, physical 
size,' 'fre9uency and bandwidth tolerances, 

and ·pass band relationships. Send 
for_-Your C?PY· 



WE'VE GOT OUR WINGSI Types IN4942, 1.N4944, IN4946, IN4947 and IN4948 
are .. . ideal for use in high reliability airborne and missile .power supplies. Semtech 
Fast Recovery High Current Silicon Rectifi~rs offer maximum rectification efficiency 
with high frequency power sources. Offering reverse recovery (typically) of 100 nano­
seconds up to 600 volts and 250 nanoseconds, up to 1000 volts PIV. Rated to 
handle an average rectified current of one amp at 55 ° C offering extremely low leak­
age"current of 0.1 micro-amp at rated PIV, 25°C. 

TX and MIL Types 

Fast Recovery Rectifiers 
Meets MIL-S-19500/359 (USAF) 

Semtech hermetically seals the rectifiers in rugged Alumina filled glass body (.275" long by .135" diameter). 
Internally, Q.:' equal area heat sinking is provided on both sides of the silicon 
junction with tungstaloid pins that match the thermal expansion characteristics of the silicon. The junction 
tungstaloid pins and solid silver (.030") leads are bonded above 900°C. Immediate delivery. 

SEMTECH~I CORPORATION 

Western Office: 625 Mitchell Road , Newbury Park, California, (805) 498·2111 / from L.A. (213) 628·5392/ TWX 910·336·1264 
Regional Offices-Central : 4957 Main St , Downers Grove, Ill. (312) 368-2322. TWX 910·683·1896. Eastern: 71 West 23rd St., N.Y., N.Y. (212) 989·7550/TWX 710·581·5807 

European Sales: Bournes A G, Alpenstrasse 1, Zug, Switzerland (042)4 82 72/73 



Integrated circuits 

Hewlett-Packard's do-it-yourself IC's 
Circuitry training program and IC facility give instrument maker 

flexibility in make-or-buy decisions and an edge in marketi ng 

By Walter Barney 
San Francisco Reg ional ed itor 

During development work on the 
integrated-circuit counter that even­
tually b ecame the Hewlett-Pack­
ard Co.'s model 5216A, John Mc­
Mains, an instrument man by trade, 
got on-the-job design training in 
IC technology. His ability to come 
up with the right circuitry-which 
reduced the number of IC packages 
in the finished instrument-was the 
payoff for Hewlett-Packard's deter­
mination to expose instrument de­
signers to integrated circuits. 

From the outset, the company 
planned that the 5216A would in­
corporate Ic's designed in-house 
by instrument engineers and pro­
duced in its own manufacturing 
facility. The reasoning behind this 
was threefold: designers could an­
ticipate components that are be­
yond the current state of the art; 
they weren't limited to whatever 
devices the semiconductor industry 
deigns to produce; and the com­
pany could merchandise whatever 
proprietary circuit features were 
developed on an exclusive basis. 

One of a new breed of instru­
ment designers being schooled by 
the company, McMains has learned 
his lessons well. When he dis­
covered he was going to need a 
decade counter with a certain type 
of gating to iblank insignificant 
zeroes from the display, he knew 
he had to start from scratch be­
cause no such circuit existed. But 
as a result of his unique grounding, 
MoMains didn't simply toss his 
problems to the sizable IC facility 
at the company's Frequency & 
Time division in Palo Alto, Calif. 
[Electronics , F eb . 20, p. 50] . In­
stead, he designed the circuit him­
self, working out the logic func­
tions and even drawing the aotual 
masks used for production . 

On the move. To achieve its 
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ends, Hewlett-Packard has com­
mitted considerable amounts of 
time, money, and personnel in 
building an IC capability that en­
ables the company not only to de­
sign its own circuits but also to 
make them in sufficient quantities 
to supply its own production lines. 
The IC manufacturing facility is 
anything but a shoestring opera­
tion; the company's investment runs 
into the millions of dollars. Hew­
lett-Packard is by no means com­
mitted to making all its own cir­
cuits; but it is now in a position 
where it can reach an intelligent 
make-or-buy decision. 

Eventually, the company expects 
to have at leas t pilot integrated-cir­
cuit facilities at all of its major 
divisions so that all design engi­
neers will have the same access to 
IC technology that is now enjoyed 
iby staffers at the Frequency & 
Time division. At present, the only 

! 4IF'." 
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activity outside Palo Alto is in 
Loveland, Colo., where work has 
started on an IC laboratory. Love­
land makes some of the older Hew­
lett-Packard instruments , such as 
analog and digital voltmeters, am­
meters, ohmmeters, voltage and re­
sistance standards , distortion ana­
lyzers , and communications test 
equipment. 

I. The first steps 

McMains joined the company 
as a design engineer two years ago, 
after completing graduate work at 
Stanford University. About a year 
ago, the company began work on 
the 5216A and its smaller cousin, 
the 5221A. "We knew they would 
have integrated circuits," McMains 
says, "but we had to decide exactly 
what we had to design and build. 
I was told that it was up to me to 
learn something about Ic's." 

He already had a basic course at 

Masked marvel. John McMains, an inst rument designer schooled in IC's 
by Hewlett-Packard, checks mask he drew for circuitry in a new counter 
with Ian Band, his advisor from the company's int egrated-circuit facility. 
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Homemade. Production worker inserts proprietary Hewlett-Packard !C's 
into circui t board which will be inst alled in a new electron ic counter. 

Stanford. But McMains went on to 
take advanced training with the 
Integrated Circuit Engineering 
Corp. , a consulting 6rm, and then 
under Ian Band of the company's 
own IC facility. 

One of Mc:\fains' first tasks was 
to find out what circuits were avail­
able-since, as Band notes, " to 
make an intelligent make-or-buy 
decision, you first have to know 
what there is to buy." 

Tradeoffs. "vVe found ," ~1cMains 
says, "that either counter [5216A 
or 5221A] could have been built 
with off-the-shelf components; but 
that route would have required 
more packages, more power, and 
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more interconnects . The time-base 
decade, for instance, would have 
had to have extra gating to select 
one decade in the time-base chain ; 
those extra gates would have added 
one can per decade." 

"A year ago, the actual price of 
a single decade, without the extra 
ga ting, was already high , and avail­
ability was low," he says. " \Ve had 
to analyze our engineering inves t­
ment in terms of cost and volume; 
but there didn't seem much point in 
trying to buy a special circuit when 
th e cos t of a standard circuit was 
already high . At that time you 
couldn 't buy a standard IC decade 
for the price of a discrete decade." 

"There was another problem," 
Band adds. " You couldn' t buy a 
Nixie driver with the specifications 
we required. There was a high 
probability that the drivers would 
be available by the time we were 
ready to build the counter. But 
there was still an element of risk, 
so we treated the decade, buffer 
storage, and Nixie driver as a unit. " 

11. Away with zeroes 

"There was still no zero suppres­
sion," says McMains. " Although 
this was a 'maybe' item in the be­
ginning, it was one of our ob­
jectives." Zero suppression-the 
blanking of all zeroes to the left 
of the first significant digit-doesn ' t 
enhance the accuracy of a counter. 
It does, however, make the unit 
much easier to read. The 5216A is 
a seven-digit multipurpose counter. 
Instead of reading "0000186," the 
displ ay shows " 186." 

" At that time," McMains points 
out, " I didn' t know the limitations 
of the chip geometry, but •at least 
I knew what a decade looked like 
-I had a starting point. The pro­
cess people gave me the figures on 
tolerances and actual chip size. 
For a given size, there is a given 
yield; you shrink the geometries 
for higher fr equencies and yield 
decreases . Th ey tell you how big 
a chip you can expect." 

Of the process of drawing the IC 

mask, he merely says: " If you don't 
already know something about cir­
cuit design, you won't b e a good 
IC designer. " But Band is quick to 
point out that there were very few 
changes in the mask once the orig­
inal decisions about size and func­
tion had been made. 

In all, four special circuits were 
designed for the 5216A : the time­
based decade with special gating, 
a readout decade with zero sup­
pression , a buffer storage circuit 
with extra outputs for printers , and 
the Nixie driver with zero suppres­
sion decoding. 

111. The IC facility 

The IC facility , under Ed Hilton, 
didn' t design any counter chips; it 
simply builds and tes ts circuits 
for these units . Although the com­
pany doesn' t rule out taking its 
des ign s to large semiconductor 
manufacturers for production lots , 
it is presently turning out a suffi­
cient number of circuits to meet all 
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of its requirements. 
H ewlett-Packard begins its IC 

fabrication with the siJi.con slice, 
which it buys. It performs the epi­
taxial and diffusion operations, 
masking, and packaging itself. The 
Redgling facility was the first IC 

operation anywhere to make use of 
a laser interferometer camera to 
transfer masks to a silicon slice 
fElec tronics , April 3, p. 26; and 
April J7, p. 47]. 

As an example of the Bexibility 
afforded by an in-house operation , 
the company's first circuits were 
produced in a 16-lead dual in-line 
package, rather than the conven­
tional ] 4-lead dip. 

IV. Close harmony 

One of the principal advantages 
of the re facility is the close co­
operation that exists between it 
and other H ewlett-Packard oper­
ations. "There's an awful lot of en­
gineering mind-changing," says 
Hilton. "They [the engineers] might 
want to change the basic circuit, or 
perhaps just th e pin configuration. 
\ Ve give them control over design, 
freedom of des ign , and a fast turn~ 
around time." 

Good neighbors. "The instrument 
man can design with circuits that 
are six month s to a year ahead the 
state of the art." Band points out. 
" He can develop the re's as he 
develops the instrument." All three 
men-Hilton , Band, and McMains 
-stress the value of the physical 

.. 
•• • 

Eagle eye. Worker bonds fl atpack 
assembly in Hewlett-Packard 's 
integrated-circuit fa cil ity. 
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hp203A 
Variable-Phase Function Generator 
provides reference and variable-phase sine, square waves 
range 0.00005 Hz to 60 kHz 
distortion less than 0.06% 
continuously variable phase shift 0-360° 
four simultaneous adjustable outputs 0 ·30 v peak-to-peak 

Use it for: 
phase sh ift measurements 
low-distortion signal generation 
vibration studies 
frequency response measurements 
servo applications 
med ical research 
geophysical problems 
subsonic, aud io testing 

Here is a sol id-state function generator 
offering simultaneous sine and square­
wave signals 0.005 Hz to 60 kHz in 7 
overlapping bands (two optional bands 
available, down to 0.00005 Hz). Total 
harmonic distortion hum and noise 
(0.06%) is less than 64 db below funda­
mental. 

Accurate 1 % frequency dial calibra­
tion with 180 dial division, vernier drive 
for precise adjustment. All four floating 
output ci rcuits have individual 40 db 
continuously ad justable attenuators . One 
each of the sine and square-wave outputs 

HEWLETT 

1185 

contain the 0-360° phase shifter. A front­
pane l calibration provision permits easy 
line-frequency cali bration of the oscil­
lator to the environment in which it's 
being used. Pri ce, $1200. 

For a demon stration of the unique 
203A ca ll your Hewlett-Packard field en­
gineer. Or write for complete specifica­
tions to Hew lett-Packa rd , Palo Alto, 
California 94304, Tel. (415) 326-7000; 
Europe: 54 Route des Acacias, Geneva. 

Data subjec t to change without notice. 
Price t.o.b. factory. 

' PACKARD 
An ex tra m easure of quality 
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Your plant 
maybe ready 

for new 
electronics 

equipment ... 

but how about 
your people? 

Every day more sophisticated electronic equip­
ment is used by more companies to perform 
more critical operations. Computers. Calculators. 
Control systems. Process instrumentation. Com­
munications equipment. It's highly efficient ... as 
Jong as you have qualified electronic technicians 
·who understand it, know how to maintain it .•• 
and can fix it fast if it ever fails. 

A good way to build a competent staff of skilled 
electronics technicians is to up-grade your pre­
sent technical personnel. And a good way to do 
it is with a Cleveland Institute of Electronics 
Training Program. CIE " AUTO -PROGRAMMED" 
Courses are fast, effective and economical. What's 
more they can be " tailored " to your specific 
training needs. There are other advantages, 
too . .. and hundreds of satisfied users. Learn 
about them. Send coupon today for FREE details. 
Cleveland Institute of Electronics, Dept. E-29, 
1776 E. 17th St., Cleveland, Ohio 44114. 

SEND COUPON TODAY 

Cleveland Institute 
of Electronics 

Dept. E-29, 1776 E. 17th St. , Cleveland , Ohio 

Gentlemen: I am interested in learning more about 
your Electronics Home Study Programs. Please send 
complete information. 

Name __________ _ _ 

Title ____________ _ 

Company _ _ ________ _ 

Address. _ _ _________ _ 

City State __ Zip __ _ 

Accredited Member. National Home Study Council. 

~--------------------------~ 
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... semiconductor houses aren't interested 
in filli.Pg relatively small orders . . . 

proximity of the re facility to the 
company's other sections. Mc­
Mains' desk is a 30-second walk 
from llilton' s domain. "There is 
continuous feedback," says Band. 

Something to gain. Hewlett­
Packard's re activity has taken the 
mystery out of integrated circuits 
for irs instrument designers at the 
same time that it has answered one 
of the most pressing ques tions 
posed by the technology: how re's 
will affect the functions of the sys­
tems designer and the business of 
the instrument manufachuer. In 
this respect, the company is a bell­
wether in the instrument field. 

J. Philip Ferguson, head of the 
Philco-Ford Corp.'s Microelectron­
ics division says that with more 
and more circuit functions being 
cmmmed onto a single chip, 
the component manufachuer is 
tempted to add a power supply and 
a display, and market an instrument 
himself. But Philco-Ford's woes 
with the Victor Comptometer 
Corp.' s calculator [Electronics, 
March 6, p. 231] prove that it's 
easier said than done. However, 
it is undeniable that instrument 
makers must find a way to protect 
the value contributed by their ex­
pertise in the fi eld. 

Some component companies-
Philco-Ford among them-arc 

offering customers a chance to par­
ticipate in circuit design; but such 
participation has proved largely 
ineffective thus far. 

H ewlett-P>ackard has found from 
experience that the semiconductor 
houses aren't terribly interested in 
devoting much effort in filling 
relatively small orders required by 
the company. "Our idea of large 
volume is small to them," McMains 
po in ts out. 

"Now that the instrument and 
the circuit have been designed," 
Band says, "we are in a better 
position to go to ·an outside source 
if we want to. We can give him 
the masks and tell him how to make 
the circuit, so that his development 
cos ts are low." 

Perhaps most important to Hew­
lett-Packard, home-designed cir­
cuits preserve the individuality of 
the company's instruments and. at 
the same time, they provide enough 
fl exibility to be des igned into other 
equipment. A circuit that may be 
a custom job for a component com­
pany is likely to be a general­
purpose device to H ewlett-Packard , 
which now has four re counters in 
its line. Since H ewlett-Packard is 
one of the most product-orien ted 
companies in the industry, it seems 
likely that there will be more IC 

instruments to come. 

End man. On final assembly line, circuit board incorporating 
Hewlett-Packard's own JC's is installed in electronic counter. 
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S/LECTRON CORES 
Standard and Custom Designed Cores With 
Highest Performance Characteristics 

Arnold Silectron cores are fabricated from the highest grades of grain­
oriented silicon steel. We maintain complete control over all phases of 
fabrication . . . processing, rolling, slitting, winding, annealing and final test 
are all " in plant" functions. Many are in stock ready for same day shipment. 

Arnold is also • Permanent Magnets • . Tape Wound Cores • Bobbin 
Cores • MPP Cores • Iron Powder Cores • Electrical Alloy Transformer 
Laminations m Transformer Cans & Hardware • Magnetic Shields • 
Special Magnetic Materials 

Our facilities are complete 

fH( AINOlD INGINllltNO COMPANY, Mo•" Offll(~ MAIENCO, Ill 
llAHCH OfftCfS oMI lfPtfSENTATIVfS .,. PllH(.,Al (lflfS 
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Let's take 
an engineer's look at 

TTL from TI 

.. ~ ... , .. .,ic 

' "' 

..... fl • ""'~ ~" : 

" ' 

Many key TTL performance charac­
teristics are not readily understood. 
What do the specifications really 
mean? How were they determined? 

Answers to these questions are 
important to engineers involved in 
designing digital systems. Here are 
some of the reasons why we "spec" 
Series 54/74 TTL circuits the way 
we do. It's all part of our efforts to 
assure reliable, high-performance 
system operatioP 

Logical zero DC noise immunity 

2.4• lOGICAl I _ j 
OOTPUT Yot IAGE 

The noise required to false trigger 
a gate is typically more than one 
volt. However, Tl's guaranteed logi­
cal zero noise immunity is 400 mV. 
Here's how this is determined: 

The logical zero input test condi­
tion (voltage at whi'ch the output 
does not fall below its 2.4 volt 
logical one minimum ) is 0.8 V . 
However, guaranteed max rm·um 
logical zero output voltage is 0.4 
V. Thus, the difference (400 mV ) 
becomes guaranteed noise im­
munity. 

Logical one DC noise immunity 

%' 400m• /,'/,0 
NOISE IMMUNITY ' 2.0• lOGICAl I B 

INPUT VOLTAGE I 

.4w LOGICAl 0 _j 
OUTPUT YOl TAGC 

Similarly, guaranteed logical one 
noise immunity is 40-0 mV. In this 
case it's the difference between 
guaranteed minimum logical one 
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output voltage (2.4 V) and logical 
one input test condition of 2.0 V. 

Here again, it typically takes 
more than one volt of noise before 
a gate actually false triggers. 

Low logical one 
AC noise susceptibility 

Series 54 /74 Output 

Series 54/ 74 TTL has a high im­
munity to signal line noise. It also 
exhibits a low susceptibility to 
noise getting there in the first 
place. Here is an example: 

Low output impedance results in 
a low susceptibility to capacitively­
coupled noise .. . and Series 54/74 
logical one output impedance is only 
70 ohms. This is far better than for 
DTL, which typically has a 6000-
ohm logical one output impedance. 

Worst-case 
Supply voltage conditions 
TI uses the worst-case voltage test 
condition when testing input cur­
r ent and output voltage. The low 
supply voltage is critical when 

testing output voltage, so the mini­
mum 4.5 volt supply is used. For 
logical zero, a lower supply volt­
age reduces the base drive to the 
lower output transistor ... thus 
creating a worst-case condition. 

y cc - ~ot~:C,EER 
HERE 

MEANS 

Logical 1 Voltage 

Vee- ~oi~~J: 
HERE 

MEANS 

- MORE OlfFICULIY 
KEEPING THIS 
TRANSISTOR 
IN SATURATION 

Logical 0 Voltage 

- A HIGHER £. A HIGHER Yee VOLTAGE Vee VOLTAGE 
HERE HERE 

MEANS 
MEANS 

A HIGHER -- A HIGHER 
- CURRENT CURREN T 

HERE HERE 

Logical O Current Logical 1 Current 

On the other hand, when testing 
input current, the high supply volt­
age is critical, since a higher sup­
ply voltage means a higher input 
current. For these measurements, 
TI uses the worst-case high supply 
voltage of 5.5 volts. 

Worst-case loading conditions 

I :,i,, 400p.a 

Logical 1 Load Logical O Load 

TI measures output voltages while 
output current is at least the value 

required for a fan-out of 10. For 
logical one, this value is 400 p.A, 
while for logical zero, it is 16 mA. 

Worst-case temperature conditions 

Since all circuit parameters vary 
with temperature, many look better 
at 25 °C than at temperature limits 
(for example - 55°C or + 125°C). 
However, TI guarantees all Series 
54/ 74 DC parameters over the 
full temperature range. 
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Furthermore, propagation delay 
of TTL circuits - an important 
measure of AC performance - is 
only minimally affected by temper­
ature changes (see chart). 

New TTL Brochure 

Want to know more about Tl's 
family of TTL circuits? A new 
48-page brochure .,," 
is just off the rroo~:t=~" 
press and provides 
in-depth informa­
tion on all Series 
54/ 74 ICs . For 
your copy,circle 212 
on the Reader Ser­
vice card or write 
us directly at P .O. 
Box 5012, Dallas, 
Texas 75222 . 

. TEXAS INSTRUMENTS 
INCORPORATED 
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AIRPAX 
ELECTROMAGNETIC 
TIME-DELAY 
CIRCUIT 
PROTECTORS 
SERIES 
APL 

Sensitive - trip level~ as 
low as 50 mill iamperes 

Rugged - withstand shocks o1 
50 g while operating 

Powerful - trip levels as high as 
50A at 50 v de or 250 v ac 

Reliable - rated for at least 
10,000 operations 

Stable - trip level unaffected by 
ambient temperature or past 
current history 

Safe - handle is trip free so that a 
protector cannot be manually held 
closed in presence of overload 

Versatile - instantaneous trip 
for protection of sensitive cir· 
cu its - ti me delays of normal 
surges without tripping 

Adaptable - units can be stacked 
for mechanical interlock, auxili­
ary contacts permit remote elec­
trical interlocking and signalling 

Dependable-designed and 
manufactured by Ai rpax 

AIRPAX ELECTRONICS, Cambridge, Md. 21613 
Phone 301 228-4600 • TWX 710 865-9655 • TELEX 8-7715 
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New Products 

Hybrid IC's aim at the consumer market 

Monolithics may someday prevail but for today's needs hybrids 

are more economical and afford greater design flexibility 

While most integrated circuit mak­
er are trying to penetrate the huge 
consumer elec tronics market with 
selected types of monolithic 1c' s. 
Texas Instruments Incorporated 
plans to establish a broad beach­
head with hybrid 1c 's. For openers, 
it has introduced a series of fi ve 
circuits, ranging from a triple-cir­
cuit television sound system to am­
plifiers for radios and phonographs. 

Company spokesmen expect 
monolith ic 1c's to prevail eventually 
in the consumer market, but .they 
contend that hybrids :will win quick 
acceptance as an interim_ step be­
tween discrete components and 
monolithics. 'The hybrids, they ex­
plain, are more .economical at pres­
ent and offer greatel' d es ign flex­
ibility. Several large manufacturers 
of radios are already converting to 
in-house production of hybrid 1c' s. 

INPUT 

Vee OUTPUT INPUT INPUT 

3 2 

F-M 
DETECTOR 
2 DIODES 

Texas Instruments hopes to con­
vin ce other equipment designers 
of th e merits of 1c's-and is pricing 
its circuits in the $2 range to en­
courage them to buy rather than 
build. The hybrids, TI points out, 
are closer to discrete-component 
assemblies in their fun ctionin g 
than are monolithic 1c's. Therefore, 
the designer faces fewer problems 
in interfacing them with exis ting 
discrete and vacuum .tube circuitry 
stages. 

Also, the ·company ·Submits, it 
cos ts less to develop hybr.ids and 
to produce them iQ small a nd me­
dium quantities during the period 
·when. consumer equipment manu ­
facturers are making their -initial 
use of rc'5: It Would be difficult and 
expensive to produce monolithic 
circuits requiring a mix of compo­
nents, such as bipolar and fi eld 

IN PUT 

11 

effect transistors , complementary 
npn and pnp transistors, zener di­
odes, and power devices. 

The television sound module-
1/2-inch square .by 0.2-inch 11igh­
contains the fun ctional equivalent 
of 30 individual components. The 
HC-1001 module combines a wide­
band amplifier, an f-m detector, 
and an audio preamplifier in a 0.5 
x 0.5 x 0.2-inch package containing 
discrete semiconductors and thick­
Rlm resistors . Th e semiconductor 
chips are coated with glass , as­
suring an effec tive moisture bar­
rier. Transistor, diode and capaci­
tor chips are inverted and bonded 
by a solder reflow process that in­
creases reliability. The completed 
assembly is enclosed in a metal 
case with 12 rigid pins on 0.125-
in ch centers projec ting from the 
bottom of the package. 

The module accepts typical 4.5-
Mh z television i-f signals and pro­
du ces an audio signal that needs 
no preamplification to drive an out­
put amplifier. The circuit's output 
can b e taken from an emitter-fol­
lower to drive transistorized audio 
power amplifiers, or from a com­
mon emitter to provide high level 
audio for driving a vacuum tu be 
amplifier. 

At the input, sensitivity is 300 
microvolts , about half that of com­
parable tv transistor or tube cir­
cuitry, and a-m rejection is 3.5 db, 
making unnecessary the elec tro­
lytic capacitors normally found in 
f-rn detector circuits. vVith vacuum 

OUT PUT - HIGH z tube receivers , the circuit accepts 
supply voltages of 130 volts; it 
operates from 18 volts with tran­

OUTPUT - LOW Z sistorized receivers . 

Hybrid integrated circuit t elevision sound module. 

Other hybrid re's in the series are 
audio amplifiers. A low input im­
pedance circuit (HC-1003) is de­
signed for a-m radio applications; 
a high input impedance circuit 
(HG-1005) is aimed at f-m radios 
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New Products 

and phonographs. Both deliver a 
minimum of 300 mi lliwatts of au­
dio power and operate from a 9-
to 12-volt power supply. A 40-volt 
d-c suppl y powers these units as 
clirect-couplccl amplifiers capable 
of driving silicon power transistors 
to 15 watts nn s output per chan­
nel for high power stereo systems . 
For I-watt audio systems, des ign­
ers can choose either the HC-1004 
low-input-impedance module, or 
the HC-1006 high-input-impedance 
unit. These re's differ only in input 

circu itry, the HC-1004 using an npn 
transistor while the HC-1006 uses 
a FET. Both modules operate on 18-
to 24-volt power supplies . 

Specifications (for HC-1001) 

1-f s ig na l input 4 .5 Mhz 
Output aud io signal 

High level 34 v P·P 
Low level 0.3 v rms 

Oper ating voltage 
For vacuum tube receivers 130 volts d·c 
For t ransisto r rece ivers 18 vol ts d·c 

A-m rej ection 3 5 db 
Texas Instruments Incorporated, P.O. 
Box 5012, Dallas 75222 
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Bull's-eye for Gunn signal generator 

A signal generator with a frequency 
range of 8 to 16 gigahertz is the 
fir st commercial instru ment to use 
a Gunn-effect diode as the basic 
power source. H.cplacing the con-
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163 Hybrid IC's aim at the consumer 
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ven tional klys tron with a Gunn 
diode results in a considerably 
smaller package. But operating 
specifica tions and over-all cost are 
comparable with klystron gcner-

Semiconductors 
178 Matched t ransistors in 1 package 
178 Low-cost trigger 
178 Scr' s handle high voltage 
178 Zener diodes rated at 1 watt 
178 Fast-switching power tran sistors 
Instruments 
180 H·f spark tester 
180 Resistance bridge measures 

rapidly 
180 Dvm covers wide ra nge 
181 Wideband raster generat or 
Subassemblies 
182 Missi ng-pulse detector 
182 Dual -output power supply 
182 Neodymium-doped YAG laser 

system 
183 Compact discriminator for f ·m 

telemetry 
Microwave 
184 Voltage·variable attenuator 

a tors now in use. 
Because the Gunn diode requi res 

only 10 volts d-c to set it into 
microwave oscillations, power-sup­
ply cos ts as well as size, arc 
sharply reduced ; klys trons require 
cos tly high-voltage supplies . Only 
4112 inches high, the new generator 
weighs 15 pounds. Klystron gener­
ato rs, on the other hand, are typi­
ca lly 12 inches high and weigh 
about 40 pounds. 

The Gunn generator delivers 
about 0.5 milliwatt in the contin­
uous-wave mode and about 10 to 
20 milliwatts peak in the pulse 
mode. The diode operates in a 
broadband high-Q coaxial reson­
ator that is hmed by a mechani­
cally driven piston. A frequency­
linearizing cam mechanism actuates 
the piston. The cam mechanism is 
coupled to an odometer-type fr e­
quency-settin g dial on th e panel. 

Power is coupl ed to the output 
con nector tl1rough a matched pis­
ton attenuator that has an accu­
racy of ± 3 decibels. Becau se the 
Gunn diode is ex tremely sensitive 
to supply voltage changes, spectral 
width isn't as good as that of a 
klys tron source. 

Specifications 

Power requirem ents 10 v d ·c 
Spec tra l width 15 khz 
Power outpu t (c-w) - 3 dbm 
Output level r ange - 3 to -130 dbm 
Attenuated output accuracy ±3 db 
Price $2,800 

Fiann Microwave Instruments ltd., Old 
Bridge Street , Kingston -on -Thames, 
Surrey, England. [350] 

184 Source produces 2 watts at 1 Ghz 
184 Telemet ry transmitter for video 

use 
185 Broadband balanced mixers 
185 Hard r-f head for altimeter 
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In screen processing 
of complex printed circuitry .•• 
there's no margin for error! 
That's why Ulano oHers 
a complete line of 
Screen Process Stencil Films 
especially designed for 
the Electronics Industry. 

U I a n---~T-1111.Mr--. _6_10_D_E_A_N_S_T_R_E_E_T_. _B_R_o_o_K_LY_N_. _N_. _v_. _11_2_3_s _______ _ 

NEW YORK • CALI FORN IA• C HI C A GO• ZU RICH 

In Europe: ULANO A. G. , Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland 

For free working samples, write today 
on your letterhead for Kit No . 5848 

Circle 165 on reader service card ' 



~ 
DMS-3200 
DIGITAL MEASURING SYSTEM 

-• 

(Fully transistorized) 

DMS-3200 ,,,;n ' ""'• $320 
(sh own v. 1th OP-100) 

DP-100 

Plug m 

$175 

DP-150 
l ·~c Coun1 er 
Plu g 1n 

$195 

DP-170 
Ot1mmeter 

$240 
DP-200 
Caoac11y 
Mele r 
Plug rn 

$240 
DP-140 
[ .. ent Counter 

' "" ~lave Plu g-i n 

... .:;ti::;;. ·, $75 

DESCRIPTION 

The Hickok DMS-3200 D1g1tal Measuring System is 
a precision electronic measuring device wh ich dis­
plays readings m d1g1tal form instead of the rela­
tively inaccu rate and d1tt1culMo-read mov1ng-po1nter 
meter display. 

Because the DMS-3200 consists of a main frame 
which will accept a number of "plug-in" units, 1t can 
be used to mea sure a variety of electrical param­
eters. The main frame provides display of the read­
ing; the plug-in determines the appl1cat1on . 

The OMS-3200 is designed for rugged industr ial 
and laboratory applications. Solid-state construction 
and conservative design rat ings insure long. trouble­
free life. By utdmng a design which has the opt i­
mum combina t ion of acc ura cy capability and num­
ber of d1g1t display, the DMS-3200 meets the general 
purpose measurement needs of industry for relrable 
digital measurement equipment m the $400 - $500 
pnce range. 

A sk Your HICKOK Oislnoulor For A Demons tration! 

THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
10514 Dupont Avenue • Cleveland, Ohio 44108 
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Eddy currents trip proximity switch 

Neither snow, nor ice, nor dirt 
can falsely trigger a proximity 
swi tch whose operation is based on 
eddy-current effects. It senses only 
the presence of metal ; cheaper and 
more popular capacitance sensors 
can be triggered by other materials. 

Switching in the new device is 
done with a tran sistor to avoid the 
contact boun ce, spark, and deteri­
oration probl ems of mechanical 
switches. 

An oscillator circuit sets up a 
magnetic fi eld around the sensor 
head. " 'hen a metal object en ters 
the fi eld, eddy currents set up in 
the metal are sensed as a loss by 
the detecting circuitry, and an out­
put transistor is switched on. Short 
or open circuits cause the tran sistor 
to revert to the off state, making the 
sensor fail-safe. 

The only external connections 
are power-supply and output-sig­
nal leads_ The case is elec tri cally 
isolated and contains an electro­
magnetic interference filter. The 
unit operates from a 12-volt supply 
and can deliver a 100-milliampere 
signal. 

The sensor was originally devel­
oped to indicate when a plane's 
landing gear is locked in position; 
mechanical switch fai lu res some­
times cause a pilot's indicator lamp 
to light prematurely. 

Normal operating temperature is 
- 65 to 250°F , although the device 
can sense objec ts hea ted to 800°F 
if the circuitry is p laced in a loca­
tion remote from the sensor head. 
Th e switch's rise and fall time is 
less than 20 microseconds, and its 
deadband can vary from 0.002 
inch to 50% of th e specified sens­
ing distance. Switches have been 
cycled more than 15 million times 
without a chan ge in the switch 
point. 

The current price is about $160, 
but the manufacturer expects to 
cut this to about $75 each for 
quantities of 200 or more. 
Electro-Optical Sy~.tems Inc. , 300 N. 
Halstead St. , Pasadena, Calif. [351] 

Low-resistance 

circuit protector 

A hermetically sealed circui t pro­
tector has a resistance far lower 
than that of fus es previously avail­
able to industry, according to the 
manufacturer. This permits use of 
the device, called the Microtime, in 
lower-voltage and low-power cir­
cuits, but doesn' t bar its use in 
high er-powered circuits. 

The Microtime's size is suhrnin ia-
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tu re, and its design doesn 't require 
solder as support for the fu sible 
element. The fuse is of rngged 
metal constru ction, and is insensi­
tive to shock and vibra tion. 

Th e circuit protector has b een 
developed as a companion product 
to the manufacturer's line of sub­
miniature Microtemp thermal fu ­
ses, which open upon a critical in­
crease in ambient temperature. The 
new pro tectors' response to elec­
trical-current in creases can b e spe­
cifl ed within microseconds or mill i­
seconds. 
Micro Devices Corp., P.O. Box 501 , Far 
Hills Station, Dayton, Ohio 45419. 
[352] 

Dual-gun tube 

can read, write 

A mini a ture storage tube is capa­
ble of readin g and writing simul­
taneously. The CK1519 is a clual­
gun tube th at can ·be regarded as 
an, elec tronic s torage device com­
bining high outpu t signal with high 
resolution. 

The tube has a nominal length of 
16112 in . and a maximum .bulb diam­
eter of 1112 in . Resolution is typi­
cally 850 tv lines per diameter. 

T he chief a ppliea tion would b e 
scan conversion to televis ion-type 
p resenta tion of the outputs of such 
airborne sensors as sonar, infrared 
and radar. The sys tem yields a 
bright display with adju stable 
gradu al erasing. 

Stored signals can b e h eld for a 
long period, read several thousand 
times, or erased in a fr action of a 
second. Th e storage capabilities 
permit addi tional .coherence of tar­
ge t information despite high noise 
levels. 

The tube provides a w ide range 
of gray shades , fas t writing speeds, 
and selective erasure of stored in-
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New Barnstead Purity Meters 
take the work out of 
being right! 

'T he new so lid -state Barnstead instruments great ly simp lify 
measu r ing, monitoring and controlling water purity. 
In accuracy, speed and economy they are way ahead of 
other models. 

The Model PM-5 (foreground), an inexpens ive workhorse for 
test ing d isti l le d and demine ral ized water, is a good examp le. 
To test water purity, you me rely set one knob to water 
temperatu re; turn the othe r until both red and amber signa l 
l ights come ON. Then read the dial, calibrated 0 to 1.5 
Megohms and .01 to 10 ppm. (A) 
The red light indicates that water is below desired purity 
settings - the amber above - thus pe rmitting hi / lo tests . 

Price: $88 (not inc luding conduct ivity cell). 

Other stars in the new fou rsome: 

PM-20 - same as PM-5, but calibrated 0 to 18 Megohms. 
Price: $118 (not inc luding conductivity ce ll) . (B) 

PM-50 - di rect-reading, 0 to 18 Megohms; three large scales 
- O - .18, 0 - 1.8 and 0 - 18 Megohms. No temperatu re 
settings needed; tempe rature compensation is automatic. 

Price: $148 (not including conductivity cell). (C) 

PMC-50 PUROMATIC® Controller Type Purity Meter -
same as PM-50, with built-in relay and "above /below" monitor 
lights added. Protects against distribution of substandard 
water by activating val ves, alarms. (0) 

Price $198 (not including conductivity cell). 

Write for information. 

Helping you get more out of water! 

Barnstead 
A Subsidiary of Ritter Pfaudler Corporation 
451 Lanesville Terrace, Boston , Massachusetts 02131 
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Nobody ever built a stepping motor this way before. 

Or sold one for so little: 
A stepping motor has always been a rotary motor that steps. With all the 
design and manufacturing difficulties that implies. Precision bearings, 
dynamic balance, and the like. Incremental rotation calls for detents, 
springs, balls. Or magnetic braking. Then there's the axial thrust prob­
lem. Not surprisingly, you pay a lot of money for a rotary motor that steps. 

Our picture shows a stepping motor that is not a rotary motor. It's a 
solenoid in disguise. A spring-loaded armature actuates a ratchet and 
pawl mechanism. Mechanically, that's all there is to it. 

But functionall y, there's a great deal more. For example, there's a 
double-ended shaft that lets you choose the direction of output rotation. 
An output torque of 0.1 inch-pounds. A ten-step star wheel (very handy 
for decade functions ). A standard step­
ping speed of 600 steps/min. 

There's still more, but we'll save it until 
you ask-either for Bulletin 701, which is 
free, or for a sample motor, which costs 
ten dollars. If you'd like the sample, please 
let us know whether you want the 12 VDC 
or 115 V AC model. Heinemann Electric 
Company, 2600 Brunswick Pike, Trenton, 
N.J. 08602. 

•$8, to OEM 's, in quantities of 100 to -499. 

3657 ~HEiNEMANN 
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formation. Erasing operations can 
be carried out by ei ther the reading 
or the writing gun. 
Raytheon Co., 465 Centre St., Quincy, 
Mass. 02169. [353] 

Hysteresis sync motor 

comes in two sizes 

Starting torque approximates run­
ning torque in a line of self-starting 
hysteresis synchronous motors. The 
motors run at synchronous speed, 
but are not phase-polarized as are 
other polarized synchronous mo­
tors. The rotatjon direction of the 
shaft is reversible externally. Dual­
voltage and/ or dual-speed motors 
are available in frame size 47 (33/s 
in. in diameter), and frame size 59 
( 43/s in . in diameter) , but many 
elech·ical variations are possible. 
Rpm 's are 1,200, 1,800, and 3,600. 

Air-cooled bearings keep operat­
ing temperature low. Dimensionally 
stable aluminum alloys are used for 
the motor frame, with all sm:faces 
or parts machined simultaneously 
to assure concen tricity. Rotors are 
dynamically balanced to exceed re­
q uirem en ts of ::--nL-u -17 059. 
Mclean Engineering Laborato,.ies, 
Princeton Junction, N.J. 08550. [354] 

Spark gaps feature 

precise arc voltage 

Protection from transient voltages 
up to 2,500 v is provided by a series 
of spark gaps. The devices' precise 
arc voltage and low cost make 
them suitable for color tv applica­
tions. 

Less expensive, lower voltage 
components can be used in grid 
and deflection circuitry because 
the units assure the harmless by-
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pass of stray transients. By using 
the cross section of a wire lead 
as the elec trode, and by precisely 
controlling the gap width, re­
peated arcing is achieved with no 
appreciable increase in start vol­
tage. 

Called type sc, th e units are avail­
able with arc voltages ranging 
from 1,500 to 2,500 v. Two standard 
E lA color-coding bands indicate 
first two figures of breakdown volt­
age. 

Price is $25 per 1,000 in lots of 
10,000. Delivery takes four weeks. 
IRC Inc., 401 N. Broad St. , Philadelphia, 
Pa. 19108. (355] 

Miniature capacitors 

span 66 values 

,1 1 

A minia ture ceramic capacitor has 
been developed for 200 working 
volts d-c. Designated the series 16, 
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Want film resistors ... fast? 
Say "MOL': .. 

and stand back ! 

.---liii~~~J---- Delivery of MOL metal oxide film resistors 
is now immediate. From our expanded, 

automated plant we ' re shipping th em to most leadin g TV and electronic 

equipment manufacturers. Del ivering them, in fact, almost as fast as you 

can say, " High -stability MOL 's have less than 5% resistance change on 

10,000 hour load -life test ._ . and the price is ri ght. " Try us . Call or write 

for deta ils to Mallory Controls Company. 

MALLORY . . . 
MALLORY CONTROLS COMPANY 
n divjsion of P. R. i\fA LLORY & CO. INC. 
)3o x 327, F r nnkfo n. I ndiann 46041 
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FOR THOSE WHO 
CAN'T GET IT OUT 
OF THEIR SYSTEM 

We have a better system. The DG 5000, 
an assembly of CEC standard products 
systematized into a complete configu­
ration. Nothing else can match it for 
the acquisition and measurement of 
dynamic or quasi-s tatic data from 
event to readout. 

As a result, the DG 5000 has become 
the ideal answer for industry, aerospace 
and medical sc ience. 

W hat makes t he DG 5000 System 
so superior? 

It is uniquely versatile in the three ways 
most important to every user. 

CEC 's building-block concept 1. makes it poss ible to tailor-m ake 
the system to virtually any configura­
tion. It will accept any of CEC's wide 
ranoe of oscillographs, delivering up 
to S2 recording channels with light-

beam galvanometers or 8 channels for 
thermal writing applications. 

2 Maximum application flexibility 
• can be provided for variations of 

system configuration through a 
programmable building-block inter­
connection. 

3 The DG 5000 System may be 
• easily and eco110111ically expanded 

to meet any future configuration 
requirements. 

So-with a DG 5000, you can get it 
out of your system. Every bit of it. 

For complete information, call your 
nearest CEC Field Office, or write Con­
solidated Electrodynamics, Pasadena, 
California 91109. A subsidiary of Bell 
& Howell. Bulletin DG 5000-X 8. 

CEC/ DATAGRAPH PRODUCTS 

BELLE. HOWELL 
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the square, epoxy-encased units 
are available in 66 capacitance val­
ues ranging from 10 pf to 0.12 µ.f. 
Case sizes measure 0.200 x 0.200 x 
0.100 in. for values of 10 pf to 
1,000 pf and 0.300 x 0.300 x 0.100 
in. for 1,200 pf to 0.12 µ.f. 

The radial lead unit is designed 
for p-c board applications with 
0.20-in. lead spacing. The lead 
material is nickel-with a di­
ameter of 0.025 in. per MIL/STD-

1276 N-1 for welded or soldered 
connections. 

Standard capacitance tolerances 
are 10% with tolerances of 5% and 
20% also available. T empera ture 
characteris tics are -55° to 125°C 
± 15%. 
U.S. Capacitor Corp., 2151 N. Lincoln 
St. , Burbank, Calif. 91504. [356] 

Potentiometers offered 

in compact size 

Compact three- and five-turn pre­
cision potentiometers are available 
in standard bushing and servo­
rnount models, as well as standard 
two-gang units. 

The units have 1.5-watt power 
ratings, ±3% standard resis tance 
tolerances , ± 0.25% standard in­
dependent linearities in most val­
ues, and are 7/s in. in diameter and 
less than 1 in. long. 

Series 7360 potentiometers have 
standard resistance values ranging 
from 10 to 30,000 ohms. Series 
7460 values range from 10 to 50,-
000 ohms. Both series meet MIL­
R-12934E requirements. 

Construction features include 
molded plastic housings , gold­
plated terminals , and stainless­
steel shafts. Numerous custom fea-
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tures are available on special or­
der. 
Beckman Instruments Inc., Helipot Divi· 
sion, 2500 Harbor Blvd., Fullerton, Calif. 
92634 . [357] 

Shielded transformers 
give high isolation 

Six miniature Data-Guard shielded 
transformers designed for p-c board 
mounting provide pulse or signal 
circuit isolation. 

The series 8200 is offered in a 
wide range of nominal impedances 
from 100 ohms to 100,000 ohms. 
Frequ ency response is from 0.500 
hz to l Mhz. High performance is 
assured by full application of box­
type electrostatic shields , fin e wire 
windings, and high permeabi lity 
nickel core. Common-mode isola­
tion is 75 db at 20 khz. 

Electrostatic shielding is pro­
vided for each winding and it re­
du ces capacitance between wind­
ings to less than 0.2 pf and attains 
circuit isolation in excess of 100 db. 
All units are fully encapsulated for 
severe environmental protection. 

Phase shift is minimal over the 
operating range and insertion 
losses are below 1 db in most cir­
cuits. Operating temperature range 
is - 55° to 100° C. Shield-to-shield 
insula tion a t 300 v d-c is 5 x 10n 
ohms minimum. Shield-to-winding 
insulation a t 100 v d-c is 5 x l Q!l 

ohms minimum. Frequ ency re­
sponse is as much as 3 decades . 

Units are des igned with six p-c 
type connecting gold pla ted 0.0285-
in . diameter pins, or in a shielded 
lead coaxial package, 11/s in . long 
and 0.5 in. in diameter for in-cable 
installation. 

Pri ce range for the series 8200 
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Model 41A 

High frequency full wave diode detector overcomes stability, 
sensitivity, and overload limitations of thermal types 

I Frequency range : 100 KHz to 7 GHz 
I Power range: 0.01 µ.W (- 50 dBm) fs 

to 10 mW (+ 10 dBm) fs with a single detector 
I Power sensitivity: 0.001 µ.W (- 60 dBm) 
I Drift less than 0.001 µ,W per hour 
I No zero balancing except for 

fractiona 1-m icrowatt measurements 
I Withstands overloads up to 300 mW 
I Can be calibrated from low frequency rf source 
I Stable de output 
I Price: $695.00, fob Parsippany, N. J. 

Full technical details available on request 
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DEG MtN •• 
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ANGLE PO~~~~~ 
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Jll-80)5 DEG - . - MIN --

how to measure resolver 
or synchro position 

with 30 second repeatability 
In both production test and ground checkout systems, North Atlant ic's high per­
formance Angle Posit ion Indi cators provide exceptional operator ease and prec ision 
in t he measurement of synchro and resolver pos it ion. Features include · digita l 
readout in degrees and minutes, 30 second resolution, continuous rotat ion, plug-in 
solid-state ampl if ier and power supply modules. Due to the design flexi bi l ity of 
these units, they can be read i ly provided with a variety of features for speci fi c 
requ irements. Typ ica l units in th is line incorporate combinations of the fo llowing 
features: 

172 

•Single Synchro or Resolver Input 

• Dual Synchro or Resolver Inputs 

• Retransmit Synchro, Resolver, 
Potentiometer, or Encoder 

• 2-Speed Synchro Input 
• Multi-frequency Inputs 

•DC Input 
• 0-999 Counter 

BASIC SPECIFICATIONS 

Range . 
Accuracy .. 
Repeatabili ty . 
Slew Speed . 
Power .. 

. . 0°-360° continuous rotation 
.. 6 minutes (standard) 

..30 seconds 
. ... 25° I second 

............... ..... .. .... ........ ... ... .. ....... 115 volts, 400 cps 

Size . .APl-8025 . 

APl-8027 ... 

.... 1 %"h x 9Y2"w x 9"d 

..... 31/2"h x 4Ktw x 93/4"d 

Your local North Atlantic representative has complete data on the AP I 
line. Call him today or write direct for technical literature. 

NORTH AT L ANTIC i n dustri es , inc. 

TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • OVerbrook 1-8600 
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miniature transformers in small 
quantities is $20 to $30 each. Pro­
duction lots in excess of 100 are $10 
to $18. Delivery takes seven to nine 
weeks. 
James Electron ics Inc., 4050 N. Rock­
well St .. Chicago 60618. [358] 

Nonmagnetic, I-piece 
p-c board guides 

The series 30 printed circuit board 
guides include integral cantilever 
spring grips that hold 'boards se­
curely and prevent lateral motion 
and assure high r etention under 
severe stress , shock, and vibration. 
The units are polycarbonate, non­
magne tic, one-piece, lightweight, 
and easy to assemtble. Gauges rnng­
ing from 0.050 in. to 0.125 in. -can 
be held. Press lugs permit the 
guides to snap into place without 
fastenexs. 

The corrosion-proof guides with­
stand temperatures up to 250° F. 

The guides are available at 15 
cents each in quantities of 5,000. 
Tau rus Corp., Academy Hill, Lambert­
ville, N.J. 08530 . [359] 

Wirewound pot 

resists humidity 

A wirewound potentiometer that 
resists humidity has a resistance 
range of 10 to 50,000 ohms, power 
rating of 1 watt at 70° C, and an 
operating temperature range of 
- 65° to + 175° C. 

The Model 3290, measuring only 
0.150 in. x 3/s in. square, has posi­
tive-end stops, plus a clutch action 
to prevent damage from forced ad­
justment. It meets or exceeds en-
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With our custom recording systems 
one of a kind beats a full house 

This satellite recorder, for example. 
To date, we've built 24 variations of it. 
Each was a special. No production-line 
unit will solve the tough recording 
problems we take on. 

Of course, a lot of our custom 
projects are under tight security wraps, 
and we can't talk about them. But we 

can show you part of our hand. 
We've put together a catalog 

of recorder applications that aren't 
classified. It's called, "Technical 
Abstracts on Record/ Reproduce 
Systems." Programs like LEM, Apollo, 
the Prime re-entry vehicle, and a 
host of satellites are all in it. 

Ask for a free copy. It shows you why 
our recorders don't have to be 
classified to have class. 
Leach Corporation, Controls Division, 
717 No. Coney Ave., Azusa, California 

LEACH 
Phone (213)334-8 
Export: Leach 
International, S.A. 
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A 
BIG 

PUSH, PULL, TWIST OR 
TURN, IN A 

SMALL 
SPACE 

Ledex solenoids can help you get a lot of work done in places 
where you don't have much room. We make both push/ pull 
and rotary solenoids in a wide variety of shapes and sizes to 
solve just about any actuating problem y9u have. 

PUSH/PULL 
Our push/ pull solenoids are designed 
for fast r esponse and high force-to­
size. Generally, the fl at face is best 
for big loads and short s trokes, and 
the conical gives you more force with 
longer strokes. Here's a performance 
comparison for a Ledex size 5 (1~" 
dia. x 1 Yis"): 

STROKE 

.020 inch 

.120 inch 

FORCE 
flat-face plunger, 

90 watts. 
1/10 duty 

96 pounds 

12 pounds 

ROTARY 
Ledex rotary solenoids a re known 
best for their shock resista nt abi lity 
and high torque-to-size rotary mo­
tion. For example, with a load tha t 
must be moved through a 25 ° a rc, our 
smallest rotary solenoid (1" dia. x 
%") snaps 1.1 pound-inches, and our 
largest (3:f~" dia. x 2'Yin") moves a 
hefty 117 pound-inches. 

Because Lede x rotary so le noids 
have a relatively flat output torque 
curve, they are often used to move 
linear loads. They are also used for 
linear loads when shock conditions 
exist or when stroke length is beyond 
the efficient range of pus h / pull 
solenoids. 

Conical 

Flat Face 

FORCE 
coni ca l plunger, 

90 watts , 
1/10 duty 

35 pounds 

27 pounds 

::> 

~ 
Standard Solenoid . 
Life to 10 million 
actuations. 

Endurance Engineered . 
Life to 100 million 
actuati ons. 

Call Ledex when you need a lot of power in a small space 
to push, pull, turn, twist, step, index, hammer, punch or trigger. 
For a quick start on your prototype, choose from over 350 
different stock model designs. Or, send details and we 'll custom 
design a space-saving solenoid for you. 

LEDEX INC. , 123 WEBSTER STREET, DAYTON, OHIO 4540.Z 
Custom Circuitry & Controls phone (513) 224-989 L 
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New Components 

• 
vironmental conditions of MIL-R-
27208 and is guaranteed by the 
company. 

Standard resistance tolerance is 
± 5%; absolute minimum resist­
ance, 0.1 % or 1.0 ohm, whichever 
is greater; insulation resistance 
( 500 v d-c ), 1,000 megohms mini­
mum; tempera ture coefficient per 
~IIL-R-27208 , 50 ppm/ ° C maxi­
mum; load life, 1,000 hours per 
~IIL-R-27208 ; vibration, 30 g; and 
shock, 100 g. 

The company's Silverweld proc­
ess eliminates vulnerable single­
wire terminations. 
Bou rns Inc., 1200 Columbia Ave., River­
side, Calif. 92507. [360] 

Modularly designed 
connector header 

Available in configurations of from 
one to 30 pins, a modular connec­
tor header can be used in a large 
number of applications where 
space and weight are frequently 
critical factors. The SS-0100-2800-00 
connector has a glass-filled diallyl 
phthalate insulator that is durable, 
does not become brittle under 
changing environments, withstands 
stress, and performs well under ad­
verse operating conditions . Contact 
points are made of gold plated 
phosphor bronze for the ultimate in 
conductivity and reliability. 
Methode Electronics Inc., 7447 West 
Wilson Ave ., Chicago 60656. [361] 

Electronics I June 26, 1967 



Save time and money 
with Philbrick 

TransconductorS 

Examples: Linearize transducer outputs; 
convert DC Digital Voltmeters to stable, 
accurate dB-meters; make true-RMS measurements; 
get accurate ratios over wide dynamic ranges; perform 
trigonometric an~· vector operations; generate abitrary 
nonlinear functions, adjustable to virtually any form; 
measure discharge time constants instantaneously; build 
instantaneous wattmeters; square, root, or compute any 
arbitrary power. 

PHILBRICK TRANSCONDUCTORS are economical, 
stable, accurate, highly-reliable passive networks. With 
them, in conjunction with operational amplifiers (ideally, 
Philbrick ), you can build high-performance non-linear 

for active 
nonlinearity 

circuits as easily as linear circuits ... at mass-
production prices you can't match in-house, whether 

you need 1 or 10,000. 
Your local Philbrick Rep, backed up by our Applications 
Engineers, is eager to help you use these versatile stan­
dard packages to save time and money. Call him in today, 
or write for Bulletin 6220. Philbrick Researches, Inc., 
22 Allied Drive at Route 128, Dedham, Mass. 02026. 

Tel. (617) 329-1600, TWX: 617 326-5754, Telex: 094-6576. 

*A Philbrick Transconductor is an active or passive net­
work, the short-circuit output current of which is a 
specific, accurately known, often non-linear function of 
the input voltage. 

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING, MEASURING, MANIPULATING and MUCH ELSE 

PHILBRICK. 
A TE LEDY NE CO M PANY 
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New Semiconductors 

Matched transistors 
in one package 

Popular npn and pnp differential 
amplifier transistors are now avail­
able in production quantities. The 
devices are used primarily as differ-

Low-cost trigger 
for thyristors 

• c 
• • • • • 

I 

• 

Neons, zeners, four-layer diodes, 
and other thyristor h·iggering de­
vices can be replaced with a low­
cost, three-layer bilateral trigger. 
Designated the MPT series, these 
plastic units have typical breakover 
voltages of 28, 32, and 36 volts and 
a breakover current of 20 µ.a . They 
cost 48 cents each in lots of 100. 

The two-terminal devices pre­
sent a high internal resistance until 
the applied voltage reaches the 
switching level and causes internal 
breakover. Beyond this level the 
devices go into the negative resist­
ance region, producing a current 
pulse suitable for thyristor h·igger­
ing. Switching is induced by either 

178 

ential amplifiers and input stages of 
differential amplifier circuits, and 
in flip-flop and mixer circuits. They 
include the 2 2920 and the SMT-
105 series and are mounted in six­
lead T0-78 or T0-71 packages. 

Because the devices are con­
structed of two transistor chips 
mounted on the same header, they 
exhibit the same parameters as a 
single transistor, with d-c gains 
matched to 0.9, base-emitter volt­
ages matched to 3 and 5 mv and 
voltage tracking matched to lo µ.v 
per 0 C. Typical characteristics in­
clude d-c gain of 175 at 10 µ.a , leak­
age (Icuo) of less than 1 nanoam­
pere at 45 volts, and a noise figure 
of 2 db at 10 µ.a. 

Solitron Devices, Inc., Riviera Beach, 
Fla. [362] 

positive or negative polarity volt­
ages, permitting simplified full­
wave phase control. 

Delivery is from stock. 
Motorola Semiconductor Products Inc., 
Box 955, Phoenix, Ariz. 85001. [363] 

New scr's handle 
high voltages 

New planar silicon controlled recti­
fi ers are intended for high voltage 
switching; blocking voltage capa­
bilities extend to 400 v. Designated 
types TT-50-2, 3, and 4, they have 
a peak inverse voltage of 200 300 
and 400, respectively, gate ct~rrent 
of 200 µ.a and a gate voltage of 0.8 v 
maximum. 

The units are packaged in T05 
cans and are available from stock 
for $6 each in quantities of less 
than 100 and $4 in lots of 100 to 
999. 
Transitron Electronic Corp., 168 Albion 
St. Wakefield , Mass. [364] 

1-watt zener diodes 

keep cool in sink 

Twenty-one new zener diodes, each 
rated at 1 watt, are priced at 99 

cents each. Designated the SZ fam­
ily, the diodes cover the 2.4-to-16-
volt range. 

All utilize gold-plated, pure 
nickel leads. Encapsulation in an 
alkyd resin case bolstered by a 
heavy tantalum heat sink ensures 
cool operation. These zeners have 
an inner epoxy seal, long leakage 
paths, and a low dynamic imped­
ance. 

The zeners may be applied in 
voltage regulator circuits as power 
supplies, waveform clippers, or 
protectors against pulse voltages. 

Off-the-shelf delivery in limited 
quantities is available. 
Semitronics Corp., 265 Canal St., New 
York, N.Y. [365] 

Fast-switching 

power transistors 

Silicon planar power transistors for 
high-power and fast-switching am­
plifier applications are available in 
15- and 20-ampere ranges. Desig­
nated the Bl48000 series , the h·an­
sistors come in T0-61 packages 
with the collector connected to the 
case. 

Collector-to-emitter voltage runs 
from 60 to 100 v; power dissipation 
is 100 w; thermal resistance is 
L'.'.'. I.5°C per watt; switching speed 
tn-.<::::200 nsec; and saturation volt­
age is 1 v maximum at 10 amperes 
collector current. Secondary break­
down is said to be no problem. 

Prices range from $20.50 to 
$35.50 each in lots of 100 to 999. 
Availability is immediate. 
Bendi x Corp., Semiconductor Division 
Holmdel, N.J. [366] ' 
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This new DVM from 
Trymetrics proves-

i. 
DELIVERY FROM STOCK 
ON MOST MODELS 
Models 103-104-105 
Single range plug-in heads 
IOV, l V, lOOMV 

Models 300A-400A-500A 
3, 4 and 5 automatic range t 

plug- ins; 101LV-lOOOVDC 

., ,. 
. Models 300M-

400M-500M 
3, 4 and 5 manual 
range plug- ins; 
10 1LV-1000VDC 

Check t hese Trymetrics features: 
• Full 4 cjigit resolution . • Accuracy 
:±:0.01 % of reading :±:1 count. Automatic 
polarity and overscale indicator. • H igh 
common mode rejection. • Complete range 
of plug-in hea ds for optimum flexibility. All 
silicon solid state circuitry. • Operat ion up 
to 50 ° C. • Sampling speeds up to (10) 
samples/ second . • Sensitivity to 10 p,V. • 
BCD print er output. • Crystal controlled 
oscilla tor guarantees ult ra stab le voltage·to· 
·time convers ion system. 

Check t his Trymetrics price: 
Model 4000 DVM $840 w ith Model 103 lOV 
Range Plug.Jn . For complete informat ion 
and p rices, wri t e to: 

TRYMETRICS 
,. , =-...... Co rporat ion 

204 Babylon Tpke., Roosevelt , L.1., N.Y. 
Phone 51 6 -378-5020 Zi p 11 575 
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New Instruments 

Spark tester operates 

at high frequency 

A fresh concept in dielectric test 
equipment for wire and cable 
manufacture and consumer inspec­
tion is a high-frequency sine wave 
spark tes ter. The unit, designated 
HF-20, operates at a tru e sinusoidal 
frequ ency of 3,000 hz, and contains 
a short electrode, allowing speeds 
up to 10,000 ft per minute, with 
positive, instantaneous, bipolar 
fau lt indication. 

Regulated tes t volts, variable 
from 1 to 15 kv rms, create a com­
plete conducting sheath of ionized 
air around the wire insulation. 

The unit's transient control al­
lows up to 3% overshoot. Direct 
calibration and adjustable fault sen­
sitivity provide increased reliability 
and economy. 
Addison Electric Co. , 1101 Bri stol 
Road, Mountains ide, N.J. [371] 

Resistance bridge 
measures rapidly 

-
~ ~.·:· 

6f!!'I , _: 
u ; 

. --9 -·~J' 
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An in strument that measures pre­
cision resistors uses a Kelvin bridge 
circuit to eliminate the effect of 
lead res istance and insure full ac­
curacy at low values. The unit con-

sists of a Kelvin comparator brid ge 
and resis tance standard, as well as 
regulated, short-circuit-proof po"·er 
supply and a null detec tor. 

The null detector enables th e per­
centage deviation from the stand­
ard to be read direc tly from the 
panel meter rather than from the 
readout dials, and does away with 
any furth er adjustments. The over­
all accuracy is ± 0.01 % of reading 
or 0.2 milliohm. The deviation me­
ter is calibrated to read 10%, 1 %. 
0.1 % and 0.001 % full scale. The 
± 0.01 % range allows resistors to 
be measured at the resolution of 
± 1 ppm. 

The null detec tor recovers rap­
idly from large overloads, allow­
ing the instrument to be used with­
out the foot switches norm ally re­
quired. There is no shock hazard 
since there is never more th an 4 
v d-c present in the bridge circuit. 

Three calibrating control s make 
possible measurements to within 
0.01 % or better. 

The model B-42R res istan ce 
bridge is priced at $1,550 and de­
livery is within 20 days . 
Medistor Instrument Co., 1443 N. 
Northlake Way, Seattle, Wash. 981 03. 
[372] 

Digital voltmeter 
covers wide range 

I 0.9 5 7 6 

A solid s tate, null-balance digital 
voltmeter rneasu res d-c voltages 
from 1 0 v to 1,100 v. It is a f:ive­
digit in strument ·with a sixth digit 
overrange to preserve accuracy in 
the range crossover regions. Five 
full-s cale d-c ranges are provided: 
llO mv, 1,100 mv, ll v, llO v, and 
1,100 v. Ranging is controlled man­
ually by a front-pan el switch. by 
remote program signals, or au to­
matically after the selection of 
either the millivolt or the volt full­
scale mode. Polarity is selected and 
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displayed automatically. 
Model 5500/ 112 has a d-c volt­

age accuracy of ± 0.005% of read­
in g and ± 0.0009% of full scale. 
The millivolt accuracy is ± 0.01 % 
of reading and ± 0.02% of full scale 
on the 100-mv range; ± 0.01 % of 
reading and ± 0.005 % of full scale 
on the 1,000-mv range. The value of 
the least significant digit on the 
100-rnv range is lµ,v , establishing 
the units ultimate resolution . 
Dana Laboratories Inc., 240 1 Campus 
Drive, Irvine, Calif. 92664. [373] 

Raster generator 

spans 50 hz to 25 Mhz 

A wideband raster generator is de­
signed to enhance the detection ca­
pability of electromagnetic inte1-
ference (El\CI) tes ting sys tems. 
Called the Model 4856, the unit is 
said to provide a statistical mean s 
of detectin g and analyzing un ­
kn own periodic signals in the pres­
ence of known random noise or 
interference. 

The in strument operates over th e 
50-hz- to - 25-Mh z range with other 
un its of £}.II tes t sys tems. Its mini ­
mum impulse bandwidth is 15 Mhz. 

Other fea tures include raster 
sweep rates that can be extern ally 
synchronized, a manually con­
trolled single raster for photo­
graphic purposes, a slideback peak 
de tec tor, a variable pulse stre tcher 
fo r improving response to impulse 
signals, variable high-pass filters 
fo r adju sting video bandpass. and 
a h igh-level aural signal monitor. 

A dual-beam oscilloscope with 
long-persistence crt phosphor nor­
mally operates in conjunction with 
the ras ter generator. 

The solid sta te generator weighs 
19 lbs. 
Honeywell Inc. , P.O. Box 391 , Anna· 
polis, Md. 21404.[374] 
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Now ... 
Thin Film Resistors from 

Cinch-Graphik 
ow you can order thin film resistors as an integral part of the world's 

finest printed circuits. This Cinch-Graphik innovation offers packaging 
design flexibility and economy never before possible. These electron­
ically deposited resistance patterns are only 2 millionths of an inch 
thick. They occupy virtually no space, weigh practically nothing, and 
are competitive in price and performance with discrete resistors. In 
addition, Cinch-Graphik's thin film resistors are stable, reliable and 
have electrical characteristics as good as ordinary resistors. Available 
in resistance values from 1011 to 150K11, these resistors can be utilized 
in single or multilayer circuits on standard printed circuit laminates. 
Other components or conductor paths can be placed directly on top of 
the thin film resistors. 

Specifications: 
Value Range on Drift always posi tive 

Single Resistivity 10 ohms- 150,000 ohms (5000 hours @ 75 "C@ 2 watts/ in' ) Less than 2% 

Sheet Resistivity 10 ohms-50 ohms / sq . Resistor line width and spaci ng 5 mi ls min. 

Resistor Tolerances 5% , 10%, 20% 

Temperature coeffic ient 

Resistor th ickness 600 angstroms @ 50 ohms 
sh eet resistivity. 

of Resistance + 80 ppm Power dissipation 2 -4 watts/ in1 

For additional details or specifications, call, write or wire: 

CINCH·GRAPHIK 

DIVISION 0 F UNITED - CARR 
MEMBER 

'

':! .... " .. I 
ii 200 South Turnbull Canyon Road, c ;ty of Ind ustry (Los Ange les), Ca nt. 9174 4 • Phone (2 13) ED 3 · 1201. Sales 

offices in 33 pr incipal ci ti es throughout the U ni ted States, Great Britain, Ca nada, Australia and West Germany. 

CONSISTING Of CINCH MANUFACTURING COMPANY, CINCH·GRAPHIK, CINCH·MONAONOCK, CINCH·NULINE, UCINI TE (ELECTRONICS) ANO PLIXIAL CABLE DEPT. 
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New Subassemblies and Systems 

Device to detect 

gaps in the BITE 

MCG 
:rectron;cs -· MPD - 200 

Breadboard and Rnal systems are 
expected to benefit from a general­
purpose detector of missing pulses. 
The unit, des ignated YIPD-200, is 
suited for avionic applications re­
quiring the use of BITE (bui lt-in 
tes t equipment) circuitry for fau lt 
indication down to the module 
level. 

Regulated supply 
provides dual output 

A solid state power supply fea­
tures two continu ously adjustable 
outputs covering the range from 
1.2 to 30 v at currents from 0 to 
500 ma and with a ripple level be­
low 1 mv rms. \Vhen operated in 
series as one unit, the two sup­
plies will furnish voltages between 
2.4 and 60 v at currents up to 
% ampere. 

Output voltages of the RSD-30 
are monitored by two front-panel 
meters. The output terminals of 
each supply are isolated so that 
eith er terminal can be grounded. 
Short-circuit protection and cur-

The MPD-200 delivers a fault 
pulse whenever the system or sub­
sys tem pulse repetition frequency 
drops below a predetermined 
threshold frequency. The lower 
threshold for an unmodified \ IPD-
200 is 200 hz, but the unit can mon­
itor pulse frequencies down to 100 
hz quite easily with the addition 
of an ex ternal capacitor. Alterna­
tively, the monitoring threshold of 
the MPD-200 can be raised to 15,-
000 hz by th e use of an ex ternal 
resistor. The detector will monitor 
any pulse repetition rate larger 
than its threshold frequency up to 
100,000 hz. 

Other pertin ent specifications 
for th e solid state, epoxy-encapsu­
lated MPD-200 are: pulse sign al 
input, 2 to 5 vat 0.5 p.sec or grea ter; 
and fau lt pulse output, + 3 v peak 
(minimum ) with pulse width of 
0.4 p.sec at th e 2-v level. The 
power supply required is 24 v at 
0.5 ma (regulated). 
MCG Electronics, 11·22 Joselson Ave., 
Bay Shore, N.Y. 11706. [381 ] 

rent limiting are provided. 
The RSD-30 is designed for easy 

servicing; all components are ac­
cess ible for checking and replace­
ment. The unit is 31/2 in. hi gh , 15 
in. wide, and 8 in. deep. It is 
priced at $85. Delivery is 30 days 
from receipt of order. 
Aul Instruments Inc., 24-13 Bridge 
Plaza North. Long Island City, N.Y. 
11101. [382] 

Neodymium-doped 
Y AG laser system 

Capability of up to 5,000 pulses per 
second is one fea ture of a Q­
switched, neodymium-doped, yttri­
um-aluminum-garnet (YAG) laser 
sys tem. Called the LGW3-QS, the 
sys tem uses a double elliptical cav­
ity with two 1,000-w tungsten 
lamps. Peak output power ranges 
from 0.75 to 1.0 kw in pulse widths 
of 150 to 200 nsec. 

Repetition-rate range of the laser 
is 1,000 to 5,000 pulses per second, 
and beam divergence is 5 millira-
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dians. The LCW3-QS is water­
cooled and capable of continuous­
wave operation with a 1.5-w out­
put. Output is at 1.06 microns. 

Compactly packaged, the unit 
measures 21 in. long and has a 
vo lume of less than 0.6 cu ft. 
Weight is approximately 35 lbs. 

The sys tem includes an adjust­
able a-c power supply and a power 
supply for the Q-switching element. 
For extremely stable operation, a 
stabilized d-c power supply can be 
ordered. 
Raytheon Co., Laser Advanced Develop· 
ment Center, 130 Second Ave ., 
Waltham, Mass. 02154. [383] 

Compact discriminator 

for f-m telemetry 

A portable f-m telemetry system 
needs a compact discriminator with 
a low current drain. Such a unit 
is the A-135A subcarrier discrim­
inator, which is designed to oper­
ate from 27 to 32 v d-c at a nom­
inal current of 50 ma. It features 
subcarrier center frequencies , devi­
ation ratios and intelligence band­
widths for IRJG bands 1 through 18 
(± 71/2% channels) and for A 
through E (±15% channels) , and 
100 khz for demultiplexing a trans­
mitted reference frequency. 

' Vith the compactness of the 
A-135A, 18 units weighing less 
than 1 lb each can b e mounted in 
a REDIA rack 19 in. long, 31/2 in. 
high, and 16 in. deep. The R 1005 
rack has space in the rear for the 
required power supplies and con­
nectors. Each channel has a B:-.-c 
connector on the rack for the 
limiter output of the discrimin ator. 

The unit has an input impC"dan cc 
of 200 kilohms, an output imped­
ance of 0.5 kilohm, and an operat­
ing temperature range of 0°C to 
55°C. 
Genisco Technology Corp., 18435 Su· 
sana Road, Compton, Calif. 90221. 
[384] 
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Why is a Jennings vacuum 
relay the only choice for 
high voltage switching? 
There's nothing to it! 
That's right. Only a vacuum 
dielectric can provide a solution to 
almost every high-voltage switching 
problem-and only a Jennings 
vacuum relay offers the numerous 
advantages unequalled by any other 
relay type. You pick a Jennings 
vacuum relay when you want the 
utmost in performance for 
switching sonar transducers, 
switching between antenna 
couplers, tap changing on rf coils, 
switching between transmitters , 
antennas, and receivers, and many 
similar applications in airborne, 
mobile, or marine communication 
systems. In fact, in any application 
where reliabil ity is a must and 
space is minimal. 

Why? 

Check these features: High RF 
'Current Ratings • Faster Operation 
• Highest Voltage Ratings • Long 
Contact Life • No Contact 
Maintenance • Impervious To 
Environment • Models To Interrupt 
High DC Power .. . plus the 
reliability and quality backed by 
more than 24 years experience in 
the design and manufacture of 

vacuum electronic components. 

If you have a high-voltage switching 
problem, Jennings probably 
already has a solution. If not, no 
one is better experienced to find 
one. For complete information 
write for our relay catalog No. 102. 
ITT Jennings, a subsidiary of 
International Telephone and 
Telegraph Corporation, 970 
McLaughlin Avenue, San Jose, 
California 95108. 

JENNINGS ITT 
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11 9 years ago 
we had a great 

idea that put us 
in the high-rel 
relay business. 

It's still a great 
idea, and now 

we've put it 
in a one-inch 

package! JJ 

Wedge-action • was the great idea. By com• 
bining long precious-metal contact wipe with 
high co ntact force, it gives Electro-Tee relays 
the highest dry-circuit confidence level ever 
reached. (90°/o, based on a failure rate of only 
.001°/a in 10,000 operations.) 

Packing wedge-action into a one-inch enve· 
lope wasn't easy. But it w as worth it. It gives 
you maximum reliability in minimum space. 
And it 's availa ble for both 6PDT and 4PDT 
operations , in r elays th a t exceed all require• 
rn cnts of MIL-R-5757/1 and /7. 

The one-inch relay is just one of our family 
of wedge-ac tion relays, which cover almost 
every dry-circuit to 2 amp a ppli cation . When 
you need a high-rel relay th a t really works, 
remember our great idea, and put it to work 
for you. 
•u.s. Patent No. 2,866,046 and others pending. 

® 
Eieotro.:reo corp. 
SLIP RINGS• RELAYS • SWITCHES • OPTICS 

P . 0. Box 667 • Ormond Beach, Florida 
(904) 677-1771 • TWX 810-857-0305 

Manufa cturin g Facilities: 
Ormond Beach, Fla. • Blacksburg, Va. 
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New Microwave 

Voltage-variable 

switch attenuator 

I'' ' I 
2 

' 1'l' 1'I'1' I' 1' 
l 

frequency s tability of two parts i1 
1,000 over a temperature range o 
-30° to + 60°C. It converts clcc 
trical energy from d-c to r-f fre 
qu cncies with an efficiency greatc 
than 30%. 

Spurious response is -3.5 clh he 
low the fundamental fr equency 
Th e source operates on a suppl] 
voltage of - 28 v d-c. 

Dimension s of th e unit arc 2112 i 

1 x 2 in. includin g heat sink. De 
livery time is 90 days. 
Micro State Electronics Corp., 15£ 
Floral Ave., Murray Hil l, N.J. [392] 

Telemetry transmitter 
A voltage-variable attenuator can for video applications 
operate in a frequ ency range of 8 
to 12 Ghz at a switchin g speed of 
less than 20 nsec. 

Maximum vswr for the model 
MAC-004 is guaranteed less than 
1.8:1 but typically is less than 1..5:1. 
Insertion loss is 0.5 db. To swing 
from 0.5 to 30 db requires 0.5 ma of 
control current. 

The unit is available with coax ial 
or s trip line connections, standard 
brackets or mounting holes . \Veight 
is 1% oz. and size is less than a 
cubic inch. 

Price is $925. Delivery takes two 
weeks. 
Comt ronix, Inc., Box 69, Alpha Road, 
Chelmsford , Mass. 01824. [391] 

Source produces 
2 watts at 1 Ghz 

A microwave source employing 
varactor multipliers produces two 
watts of power in the 1-Ghz range. 
The unit has a mechanical tuning 
range from 950 to 1,080 Mhz and a 

Transmitters for S band and L 
b and utilize solid state multiplier 
chains to produ ce r-f output power 
levels from 0 . .5 to 10 watts. De­
signed for missile and satellite ap­
plica tion s, the TR2200 (S band) 
and TR1400 (L band ) transmitters 
are capable of wideband deviation 
and high-frequency respon se fo r 
high resolution , real-time video ap­
plications. 

Improvements in free running r-f 
oscillators afford linear wideband 
modulation with better than 1 % 
linearity to ± 10 Ml1Z, and uni form 
response within ± 1 db from d-c 
to over 7 Mliz. Deviation sensitivi­
ties are 0.4 mv/khz peak. Auto­
matic ga in control in the r-f power 
and amplifier chain produces nearly 
iconstant r-f power outputs even 
with large variations in supply volt­
age and operating tempera ture. 
The units will operate with ovcr­
voltages as high as 36 or tran sient 
voltages up to 70. As an option, 
current limiting circuits are avail ­
able to protect against reverse po­
larity and current surges during 
turn on. 

All transmitters meet require-
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ments of IRIG 106-66. 
Prices start at $2,900 with total 

cost depending on options and out­
put power. Delivery takes 90 days. 
Teledyne Telemetry Co., 9320 Lincoln 
Blvd., Los Angeles 90045. [393] 

Balanced mixers 

stress range and size 

Six broadband balanced mixers , 
covering a frequency range from 
10 Mhz to 18 Ghz, are suitable for 
both coaxial and waveguide sys­
tems. Noise figure as low as 8 db 
and a conversion loss of 6.5 to 7 
db, plus small size, make the 600 
series useful for sys tem or labor­
atory operation. 

The mixers were des igned to ex­
tend th e frequency ran ge of the 
company's 915-B attenu ation cali ­
brator but can also operate as 
s tandard single output devices. 
PRD Electronics Inc., 1200 Prospect 
Ave ., Westbury, N.Y. 11590. [394] 

Hard r-f head 

for altimeter 

Designed to fun ction as the r-f por­
tion of a C-band radar altimeter, 
a miniahue air-strip package con­
tains a single-s ideband generator, 
two balanced mixers employing 
tunnel diodes, four isolators , and 
three directional couplers. 

This rugged and compact unit 
meets the reliability requirements 
of MIL-E-5400 Class 1. All the 
diodes are easily and quickly re­
placeable. 

Measuring 5 x 5.5 x 1.9 in. high, 
th e package is available in a variety 
of frequency bands. 
Micro-Radionics Inc., 14844 Oxnard 
St. , Van Nuys, Calif. [395] 
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Time integrator 

consumes 'watts: 
fires 100-w load 
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Try it yourself! Using a Bissett-Berman 
E-C ELL* in the power-switching circuit 
shown below, a signal current of 200 
microamps or less will fire the SCR and 
light the 100-watt lamp exactly 72 
hours after you throw the switch. You 
get a complete time integration func­
tion performed virtually power -free. 
(Actually, 600 microwatts are con­
sumed by the timing circuit shown .) 
To get the equivalent time delay using 
conventional microcircuitry would in­
crease both the power drain and the 
cost by several orders of magnitude. 

lOOW 

* The Bissett-Berman E-CELLe is 
a unique "liquid state"electrochemi­
cal timing and integrating component 
now being manufactured in high vol­
ume on fully automatic production 
lines. E-CELLs are designed for single 
use or re-cycling , can be set or re-set 
in the field , and are furnished in wire­
lead or plug·in versions . A multiple ­
electrode E-CELL enables complex 
functions such as two-phase timing 
- or subtotaling and totaling - with A ctual size 

signal outputs at each step. E-CELLs 
can generate accurate time delays 
ranging from a fraction of one sec­
ond to months; can integrate events 
from one to infinity; and can-operate 
in the nanowatt range. Operating/ 
storage temperature is -55°C to 
75°C. E-CELLs have been tested and 
approved by users for severe shock 
and vibration tolerance in accordance 
with military specifications. Patents 
applied for. 

For technica l information and app li cation notes , contact: 

Components Division. The Bissett-Berman Corporation, 

3860 Centinela Ave nue , Los Angeles, California 90066; 

Telephone: Area Code 213, 394-3270. 

BISSETT 
BERMAN 
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115 CFM WITH LESS 
THAN 37 .5 dB SIL* 

*S peech Interference Level 

• lubrication - free life in excess of 
20,000 operational hours, continuous 
duty at 55° C. 

• Delivers more air at a lower no ise 
level , yet priced under similar con ­
ventional plastic fans. 

• Model 4500 designed for 117V / 50-60 Hz 
operation. Model 4550 operates at 
230V / 50-60 Hz. 

• Now available for immediate del ivery 
through leading electronic distribu­
tors or directly from factory stock. 

• Has Underwriters ' laboratories Inc. 
Yellow Card Component Recognition 
Number E41168. 

Write to 
PAMOTOR, INC. , 312 Seventh St. 

San Francisco , California 94103 . 

OR, I N C. 
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New Production Equipment 

Automatic sorter handles IC's with care 

The problem of handling inte­
grated circuits in rapid testing has 
become acute. Unless handled care­
fully, the re's could develop flaws 
that would hamper later assembly 
operations. To maintain the leads 
in th eir proper place without b ends, 
an in-line transfer system has been 
developed that automatically con­
tacts, allows tes ting, and then sorts 
multilead devices. In addition , the 
system enables many tests to b e 
performed during a single pass. 

Called the model IC-500, the 
systPm includes input, tes t, and 
sort modules. Depending on the 
types of carriers and magazines 
selected, it is capable of handling 
fl a tpacks, T0-5 cans, or dual in­
linc packages . 

Th ere are four versions of the 
input module available: manual. 
magazine, multimagazine, and bulk. 

In the manual model, one circuit 
at a time is fed by hand into an 
input track; in the magazine ver­
sion , the re's are fed from a pre­
determined magazine; in multi­
rnagazine form , th ey are fed from 
an automatically selec ted maga­
zine; and in the bulk vprsion , the 
module is an automat ic vibratory 
feeder. 

Transfer and con tacting are per­
formed by the tes t module. A hi .gh­
speed mechanism separates the re's 
at the input track and tran sfers 
them to positions along a rail that 
leads to five tes t sta tions. At each 
station, a se t of d-c or a-c contacts 
is pressed against the device leads, 
and the elec trical tes t is perform ed. 
The con tacts accommodate a va ri­
ety of horizontal or vertical lead 
configuration s on the re package. 

Th e sort module, which is ti ed 
in with the outvu t of the tes t sec­
tion, is ava ilable in three config­
urations: go/no-go, multibin , and 
mu I ti magazine. 

An scr shift register holds th e 
information snecifving to which 
magazine or bin th e tes ted re 1rnes. 
One shift register chain is usPd for 
each magazine and one for the re­
ject b in. 

' Vh en the re package reaches th e 
sorting section, the shift register 
energizes a d-c stPrJping motor. As 
the section revolves , th e package 
is moved from a horizontal to a 
vertical position, allowing it to fall 
into the proper magazine. Proxim-
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• Metal to metal 
press-in design 

• Highest radial 
and axial pull 
forces 

e Largest variety of 
molded insulated 
term ina ls available 

STANDOFF TERMINALS 

iilif i 
MIL-T-55155 FEED-THRU TERMINALS 

INSULATED TERMINALS 

TEST JACKS 

THREADED 
NURL-LDC 

Write for .H'wtL-foc ~ 
Catalog TERMINALS 

• 

ELECTRONIC 
MOLDING CORP. 

38 Church Street 
Pawtucket, R. I. 02860 

(401) 726·2100 

Circle 243 on reader service card 

ity switches detect full magazines 
and provide a command signal to 
switch in an empty one. Reed 
switches are used as interlocks to 
shut down the machine if a mal­
function occurs and turn on lights 
to indicate the location of the prob­
lem. Diode-transistor-logic ic's 
comprise approximately 40% of the 
circuitry. 
Transistor Automation Corp., 18 Moul­
ton St., Cambridge, Mass. 02138. [401] 

Soldering system 
needs no hands 

A resistance soldering system with 
hydraulic foot control permits co m­
plete "hands off" soldering. The 
automatic soldering cycle in cor­
porates precise ball b earing x-y 
table positioning and full- color di­
rect viewing of the highly magni­
fi ed work area. 

Solid state power supply and 
timing circuits in th e model 2.500 
offer solder temperature control 
with 1 % repeatability. 
Browne Engineering Co., 2003 State St., 
Santa Barbara, Calif. 93105.[402] 

Laser welding system 

with longer pulses 

A long-pulse ruby laser sys tem is 
suitable for a variety of weldin g 
applications with material s as thick 
as 0.040 in . It can achieve pulse 
lengths of 7 to 10 msec at 5 to 60 
joules repetitively, compared with 
the 4-msec pul se lengths of pres­
ently available laser welders, ac­
cording to the manufacturer. 

New welding applications are 

•All silicon -so·c operation 
•Constant voltage/constant 

current 
• .01 % regulation; 0.5 mv ripple 
•Up to 300 watts-

voltages to 160V. 
• Remote sensing-remote 

programming 
• TRYLINK.® precision current 

mode 
• Automatic overvoltage 

protection option 
• Half Rack Size-Bench or 

r,ack mount 

·---------· I T.1~T!~c91~. I I Roosevelt, N.Y. 11575 I 
Please rush me your new 52-page Power I Supply Handbook-FREE I 

I Name I 
Title----------

• Company I 
I Address I 

City State--Zip--·---------· 
Circle 187 on reader service card 187 



You name the meter. 
ldtHtl has it. 

,,d''\"" . • "'"/' '," 
MIWAMPH£1 

-- ...... ""OC: 

( or we'll make it for you) 

If one concentrates long and hard enough on 
panel meter development and engineering, one be­
comes expert. 

IDEAL meters are used by all the Military and by 
leaders in defense and industry. For everything in 
meters-ruggedized or commercial, custom and 
stock, 112" to 7" - you can count on IDEAL, the 
proven leader. 

Write for free 32-pg. catalog. Ideal Precision 
Meter Co., Inc., 218 Franklin St., Brooklyn, N.Y. 
11222. (212) EVergreen 3-6904. 

Circle 244 on reader service card 

Can a 100 KHz crystal get lost 
the field of frequencies? 

• 1n 

Not if you look at Reeves-Hoffman! We are artists in ultra-precision 
crystals ... but we're also experts and efficient at meeting less­
demanding requirements. For example, the 100 KHz crystal shown 
above, and specified below, can be supplied in production quantities for 
less than $2.50 each. How much less? Let us quote. 
Frequency . . . . . . . . . . . . . . . . . 100 KHz 
Ri, ohms ..... .. ..• , . . ..... 1,800 
L1, henries . . . . . . . . . . . . 67 
Ci, picofarads . . . . . . . . . 0 .037 
Co, picofarads . .. . ... .. .. . . 5.78 
Q . . . . . . . . . . . . . . . 24,000 
5 ° X crystal for filter or oscillator applica · 
tions, fundamental extensional mode. 

188 Circle 188 on reader service card 

~REEVES-~ 
= HOFFMAN A 

Y DIVISION OF DCA 
400 WEST NORTH STREET, CARLISLE, PENNSYLVANIA 17013 

Production Equipment 

opened up for the laser because of 
the longer pulses. These include 
seam and tack welding for elec­
tronic components, and butt weld­
ing of Inconel, zircalloy, brass, 
copper, dissimilar metals , and the 
like. 

The system is made up of a laser 
head, power supply, water-cooling 
unit for repetitive operation, and a 
milling machine base. Options in­
clude closed-circuit tv and a simple 
eyepiece device for focusing and 
viewing. 

Prices start at $17,500. 
Spacerays Inc., Northwest Industrial 
Park , Burlington, Mass. 01803 . [403] 

Evaporation source 
for film deposition 

A wide range of laboratory and 
production IC and optical-coating 
applications can be handled with 
a 6-kw evaporation source that 
provides rapid, ultrapure deposi­
tion of thin films. 

Designated e-Gun, the evapora­
tor is easy to install in a vacuum 
system and can be operated from 
either front panel or remote con­
trols. Since it creates temperatures 
up to 3,500°C, it evaporates any 
material (for example, aluminum 
at 3,750 angstroms/ minute and ti­
tanium at 10,000 angstroms/ min­
ute). The source is usable with 
vacuums down to 1 x I0-11 torr and 
can be baked to 250°C. Its crucible 
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MISSING P ULSE DETECTOR_ 

MCG 
electronics -· MPD - 200 

• Monitors presence of pulse repe­

tion frequencies from 100 Hz to 

100, 000 Hz 

• Operating temperature r ange 

from -40°C to + 75°C 

• Ideal Sensor fo r " BITE" Built-in­

Test Equipment application 

• Completely Solid State - long life 

• Small s ize - less than . 6 inches 

Phone (516) 586-5125 

MCG 

Electronics 1

1122 Joselson Ave. 

Bay Shore, N. Y. 
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THIS SPACE CON TRIBUTED BY THE PUBLISHER 

The Voice . A nybody's voice. Your 
voice. I I has a special quality and tim­
bre all its own. But. 

I f it should become hoarse or if a 
cough should persist, find out what the 
reaso11 is. Promptly. It could be a warn­
ing signal of cancer. A nd cancer is eas­
ier to cure when it's detected early. 

Frank Sinat ra knows the seve11 warn­
i11g signals of cancer. D o you? 1. Un­
usual bleeding or discharge. 2. A lump 
or thickening i11 the breast or e lse­
where. 3. A sore that does not heal. 
4. Change i11 bowel or bladder habits. 
5 . H oarseness or cough. 6. Indigestion 
or difficulty in. swallowing. 7. Change 
in a wart or mole. 

I f a signal lasts /011ger than two 
weeks, see your doctor without delay. 

It makes se11se to know the seven 
warning signals of cancer. i 

It makes sense to give to the 
A merican Cancer Society. 

• 
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holds a charge 11/4 in. in diameter 
(8 cc in volume). 
Varian Associates. Vacuum Division, 
611 Hansen Way, Palo Alto, Calif. 
94303. [404] 

Molder handles 
delicate components 

A compact molding machine, de­
signed for inexpensive aluminum 
molds and the recently developed 
soft-flow epoxy molding com­
pounds, encapsulates delicate elec­
tron ic components such as trans­
formers , coils and semiconductors, 
or molds cups, cases, lead forms 
and terminal blocks. 

Model JD-11 has a 5-ton hy­
draulic clamp; a fu lly adjustable air 
transfer system; front panel gauges 
that indicate hydraulic ram force 
in tons and psi, air transfer pres­
sure, top and bottom platen tem­
peratures; two-handed ram opera-

Meet the biggest 3112'' in tran­
sistorized power supply history ... 
and enjoy all these features: 

• All silicon design 

• Full power rat ings to + 71°C 
without derating, heat-sinking 
or forced air 

• Ratings from 0-20 volts @7 ,5 
amps to 0-320 volts@ 1.5 amps 

• Constant current/constan.t 
voltage operation with mode 
indicator light on front panel 

Ge t th e facts o n all T r y go n •s 
exc lusive powe r supp ly adva nces. 

MAIL COUPON TODAY! ·---------·· 
I ~TRYGON I v 1

POWER SUPPLIES 

I Pleasant Avenue I 
Roosevelt, N.Y. 11575 

I Please rush me your new 52-page I 
Power Supply Handbook-FREE 

I Name I 
Title __________ _ 

I Company I 
I Address . I 
I 

City State ___ z,p__ I ---------
Circ le 189 on reader service card 189 



ACTIVE FILTERS 
TU BE: Plug-in feedback amplifier-network com­

b ina t ions for single-tuned or higher order 
ban d pass responses as illustrated. Center 
fre quencies down lo 0.005 cycle . Q 's lo 75 . 
W ide ly used where LC filter sections are 
impractical . High pass , low pass and nar­
row notch response characteristics available. 

TR A NSISTOR : Integral transistorized amplifier­
network units for single-tuned band pass 
responses . No external components re ­
quired . Units will casca de for higher order 
responses . Center frequen ci es down to 0.01 
cycle. Q's lo 40 . High pass, low pass and 
narrow notch response characteristics avail­
able. 

PASSIVE FILTERS 
LC Fl LTERS: Stable toroidal LC 's-low, high , 

band pass and reiect over wide imped ance 
ranges in the audio frequency spectrum. 

RC TW IN-T NETWORKS: Null frequencies 
0.005 cycle to 50 kc in wide range of im­
pedance level s. Useful for low pass filt er­
ing 1 harmoni c reject ion, feedback circuits. 

• STAN DARD FILT ERS AND NETWORKS 
HERMETICALLY SEALED 

• SPECIAL ENCAPSULATIONS AVAILABLE 

• PLU G-IN O R STUDS FOR MOUNTING 
(OR BOTH ) 

• EARLY DELIVERIES-MO DERATE PRICES 

• PROMPT ENGINEERING ON 
IND IVIDUAL PRO BLEMS 

FREE FOLDER 
ECCOSHIELD ® 
RF SHIELDING MATERIALS 

•• 

Brand new six page fold er in color describes 
a complete line of Eccoshield products to 
combat RFl-conducti ve plastic shield and 
gaskets, adhes ives, coatings, caulking com -
pounds, me tallic foil - th e works. 

Thi s valuable Folder is yours . Write or u se 
Reader Serv ice Card . 

Write or Use Reoder Serv ice Card 

Emerson &Cuming, Inc. 
CANTON , MASS. 
GARDENA, CALIF. 

NORTHBROOK, Ill. 
Sales Offices 
in Pr incipal Cifies 

EMERSON & CU MING EUROPE N.V., Oevel, 8el1lum 

190 Circle 190 on reader service card 

Write for technical bulletins describing f i lters 
in the aud io spectrum and below , active and 
passive; Network Notes contai ning filte r se­
lection and application suggest ions . Much 
performance information not yet published 
available on request. Ask about low-frequency 
spectrum analyzers. 

INSTRUMENT LABORATORIES 
Incorporated 

Phone A re• 512 - G L 3-662 1 
Box '.006 Aust in, T ex~s 78756' 

Circle 246 on reader service card 

High Accuracy, ± 10% 
• Repeatability, ± 3% 
• Fast recycling t ime - .05 sec. max. 
• Input - 115 VAC 
• Up to 180 sec. delay, f ixed or vari­

able w ith external variable res istor. 

Onl~&!!~oo lots 
IMMEDIATE DELIVERY! 
Order one for test at $8.80. Your 
MONEY BACK if not satisf ied! 

~ 
ELECTRONICS CO. INC. 
380 Cottage St., Rochester, N. Y. 14611 
Phone (716) 235-7070 
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Production Equipment 

tion for operator safety; and me­
chanical timer. 

Simple to operate, the press 
measures 12xl2x36 in ., may b e 
b ench mounted, and is shipped 
ready to operate on shop air and 
115 v line. 

Price is $1,450. Delivery takes 
six weeks. 
Morris Enterprises, Inc., 16799 Schoen­
born St., Sepulveda, Calif. 9 1343. [405] 

Memory core handler 

for production tests 

Mass production tes ting is the ma­
jor application of a memory core 
handler that processes ferrite cores 
with outer diameters ranging from 
12 to 50 mils a t rates of from 18,000 
to 60,000 cores per hour. 

The unit can process small , fast­
switching cores because the high­
frequency wiring techniques used 
in its construction result in im­
proved noise cancellation in the 
drive and sense windings of the 
electri cal test circuits. All mechani­
cal motions in moving individual 
cores to and from the tes t position 
are minimized in the CH-103 han­
dler. Cores are tested seriallv as 
thev reach the bottom of a .feed 
cht;te connected directly to a feed 
bowl. The cores are tested while 
they remain in the chute. Move­
ment to an adjacent test station by 
a mechanical carrier and vacuum 
holding system is eliminated , which 
increases th e handler's speed by as 
mu ch as 20,000 cores per hour. 

The CH-103 sorts cores into two 
accept and one reject categories. 
This permits tighter limits on pa-
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SYNCH RON 
PRODUCTION 

NEARLY DOUBLED 
TO MEET YOUR 

GROWING DEMANDS 
More engineers than ever before 
are now designing high-performance 
SYNCHRON Motors into their prod­
ucts. Result: The biggest demand in 
SYNCHRON history. To meet it, pro­
duction capacity has been nearly 
doubled and our precision-trained 
work force increased. If you, too, re­
quire the finest synchronous hysteresis 
motor made, it can be supplied you. 
Not off the shelf, of course. But you 
can confidently make SYNCHRON 
Motors part of your design, knowing 
deliveries will be made to meet your 
production schedules. However, please 
don't delay. Write now, or call or 
write your nearest Hansen Mfg. Co., 
Inc., representative. 

HANSEN REPRESE NTATIVES : CAREY & ASSOCIATES, 
Houston and Dallas, Texa s; R. S. HOPKINS CO., 
Sherma n Oaks, Cal if .; MELCHIOR & MacPHERSON , 
I NC . , San Carlos, Calif .; THE FROMM CO., Elm­
wood Pa rk, Ill. ; H. C. JOHNSON AGENCY, INC., 
Ro chester, N.Y. ; WINSLOW ELECTRIC CO ., Essex, 
Conn. , Narberth Pa ., oAd New York, N.Y . 
E_XPORT DEPARTMENT: 64-14 Woodside Ave ., Wood· 
si de, N.Y. · 

Circle 254 on reader service card 

rameters such as lower over-all 
memory plane delta noise, or tighter 
"one" envelope. 
Computer Test Corp., 3 Co mput er Drive, 
Cherry Hill , N.J. 08034. [406] 

Compact lead bender 
operated by hand 

A hand-operated lead bender pre­
forms and bends the leads of rnulti­
lead components such as re's , flat­
packs, and reed switches. The de­
vice, supplied with one or more 
custom dies made to user specifica­
tions, operates at a rate up to 100 
units per hour. 

Ruggedly constructed, the model 
lOOB weighs 5 lbs and requires no 
power for operation. It measures 
2% x 4 x 8114 in. Dies are available 
for T084 through T095 micrologic 
packages as well as for standard 
2-lead components such as diodes 
and resistors. 
D·Vel Research La boratories Inc., 555 
Bedford Road, Bedfo rd Hills, N.Y. 
10507. [ 407] 

Desoldering tool 

for component rework 

A hand-held desoldering tool re­
moves unwanted solder from solder 
joints rapidly. Called the Solda­
pullt, the unit is easy to handle, is 
self-cleaning, and provides swift 
vacuum action. 

Molten solder is drawn into the 
receiving chamber with a high­
impulse vacuum stroke caused by a 
spring-loaded piston. Hand position 
need not be changed when the 
Soldapullt is reloaded. 

Price of the unit is $11 .96. with 
immediate delivery available from 
stock. 
Edsyn Inc., Box 868, Arleta Station, 
Pacoima, Calif. 91331. [408] 

Definition: 

oower 
SUPDIY 
modules 
should be: 
• an silicon 
• 71°C rated 
•independent or 

external 
heat sinks 

• IUllY maintainable 
• hiUhlY reliable-

MTBF > &o,ooo hrs. 
• modest in cost 

on111r1uon 
gives you all & ! 
33 models in a complete range of 
voltage and currents. Send for cata· 
log today to Dept. EDN-29. 

TTRYGON® 
POWER SUPPLI ES 
Roosevelt, L. L, N. Y. (516) FReeport 8-2800 
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JI PEHi TE 
· Gl.:ASS ENCLOSED 

Thermostatic 
'DELAY RELAYS 

Offer true 
hermetic 
sealing-

BALLAST 
REGULATORS 
Hermetically sealed, they are 
not affected by changes in 
altitude, ambient temperature 

-assure 
maximum 
stability 1 

and life! I 

(-50° to + 10° C.), or humid· IJiwi'-ifl 
ity ... Rugged, light, compact, 
most inexpensive. 
List Price, $3.00 """=----~ 
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New Materials 

Epoxy encapsulants 

protect components 

Two-part epoxy potting and encap­
sulating resins , designated Stycast 
2651 and 2651-40, come with a 
choice of hardeners. Catalyst 9 is 
for room temperature cure and end-

Phosphorous materials 
almost 100% pure 

Commercial quantities of phos­
phorous trichloride are part of a 
line of high-purity phosphorous 
materials for semiconductor appli­
cations . The line includes red phos­
phorous, gallium phosphide, and 
indium phosphide. 

The semiconductor-grade red 
phosphorous is more than 99.999% 
pure. Typical sulfur content is 3 
to 4 ppm. It is packaged in 10-
and 50-gram pyrex ampules and 
can be used as a starting material 
for gallium phosphide, incli11m 
phosphide and gallium arsenic 
phosphide. 

The phosphorous trichloride has 
a typical sulfur content of 0.05 ppm 
and 0.22 ppm of arsenic. Packaged 
in 50- or 100-gram glass ampnles, 
the material is suitable for vapor 
phase production of gallium phos­
phide epitaxial systems or as a 
catalyst and doping agent. 

Indium phosphide is produced 

use temperatures up to 300°F; 
catalyst 11 is for elevated tempera­
ture cure and end-use temperatures 
to 450°F . 

Both resins are on the qualified 
products list under ~1IL-1-16923. 
They are suitable for encapsulat­
ing a variety of electrical and elec­
tronic equipment, from h·ansform­
ers to transistors, that will be ex­
posed to environments as widely 
diversified as ocean depths and 
outer space. 

Some typical properties of Sty­
cast 2651 and 2651-40 include: a 
catalyzed viscosity of 28,000 and 
2,800 hz; dielectric strength , 410 
and 390 v/mil; volume resistivity 
(dry), 11 x 1014 and 5 x 1014 ohm­
cm; volume resistivity (240 hrs at 
96% RH), 0.6 x 1014 and 1.3 x 1014; 
dielectric constant (1 Mhz). 3.97 
and 4.06; loss tangent (1 \1h z), 
0.027 and 0.026; flexural strength , 
22,000 and 15,000 psi; thermal 
shock ( -55° to 155°C) > 10 cycles. 
Emerson & Cuming Inc., Canton, Mass. 
02021. [ 409] 

upon request and the new materials 
are available from stock. 
American Smelting & Refining Co., 120 
Broadway, New York City. [410] 

Two epoxy adhesives 
boast high conductivity 

Two highly conductive epoxy ad­
hesives, with volume resistivity 
less than 0.01 ohm-cm, are avail­
able at prices claimed to be sub­
stantially below their silver-filled 
counterparts. Sympoxy 5710 is a 
one-component, heat cure adhesive, 
while Sympoxy 5415 is a two-part 
room cure material. Paste consist­
ency permits easy application. 

Both adhesives are supnlied in 
6-ounce kits , or in 1-ancl.-.._ rnncl 
sizes. Price for either 6-ounce~ pack­
age is $10.90. 

Kits contain the adhesive, a stir­
ring stick and sufficient cleaner to 
thoroughly remove grease, dirt, 
and other foreign material. 
Symplastics Inc., 1902 Broadview 
Drive, Glendale, Calif. 91208. [411] 
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SOLID CARBIDE CIRCUIT BOARD DRILLS AND ROUTERS 
DESIGNED FOR PRECISION DRILLING AND 
ROUTING OF ALL CIRCUIT BOARD LAMINATES 

A prec1s1on solid car­
bide circuit board drill 
designed with a Ya" uni­
form shank for simpli­
fied chucking. Tapered 
webs for maximum 
strength . In wire gauge, 
fractional and metric 
diameters. 

The original solid carbida 
circuit board drill design with 
tapered web guaranteed to 
produce precision bur-free 
holes, as the CBU above, in 
single or stacked board oper­
ations where flute lengths per­
mit. In wire gauge. fract ional 
al)d metric diameters. 

A diamond cut design solid car­
. bide profile-router for plunge or 
outside profiling. The cross-hatch 
flute principle of this diamond­
cut design provides many positive 
overlapping cutting edges to in­
sure clean, sharp profiling with 
absolutely no delamination. In 
fractional size range. 

Super circuit board drills and routers are guaranteed exact locating or repositioning in N/C or conventional 
to perform efficiently in all circuit board laminates . equipment . Literature No. EL-67-1 available at distri ­
Tolerances and concentricity are minimal to permit butors and branches or directly from : 

BRANCHES: 

SUPER TOOL COMPANY SINCE 1927 

A DIVISION OF UNIVERSAL * AMERICAN CORPORATION 

ELK RAPIDS, MICHIGAN 49629 

• 
Ch icago • 

Detroit 
Su i te 508, Professiona l Bldg . 

PHONE (616) 264-8151 

• 
New York 

350 Hudson St. 5428 N. Milwaukee Ave . 
Chicago. Illinois 60630 Eastland Center. Detroit. Mich. 48236 New York. New York 10014 

• los Angeles 
5908 E. Washington Blvd. 
Los Angeles. California 90022 
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PRECISION-~~00~ 

AN ARISTO COORDINATOGRAPH WILL SOLVE YOUR 
MOST COMPLEX DRAFTING OR LAYOUT PROBLEMS 
The fine family of Ar isto Coordinatographs was designed spe.cifically for those 
operations where precision is a prime factor. Any drafling or layout job can be 
completed quickly and accuralely wit h this multi-function instrument. Available in 
several models , from manually-operated to high-speed programmable the Aristo 
Coordinatograph is the perfect tool for: · ' 

• Plotting coordinate points 
tor grids, templates and 
irregular curves 

• Preparing pencil, ink or 
scribed grids 

Write tor free brochure 

• • • and more 

• Scrib ing artwork /or 
printed circuits 

• Measuring dimensions ancl 
coordinates ot precision 
layouts, charts, etc • 

rt= ~u~~~~~~f ~~~:,~~~~l~~oralion / 1 2 Daniel Road. Fa irfie ld, N.J . 07006 ~ In Canada, 31 Scarsdale Road, Don Mills, Ontario 
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'fuini-STAKING" -­
with the 
NEW 
Black & Webster 
GRAVITRON 
O A high-precision drop hammer 
for " I ight touch" staking with 
exceptional repeatability. 
features Include: 
O Fast operation - compressed 
air return provides up to 100 
strokes per minute 
O Impact force adjustable from 
1/2 inch-lb. to 11 % inch-lb. 
O Simple, rugged, trouble-free 
operations 
O Hand or foot switch operated 
O Free fall for consistent 
impact force 

Ci rc le 193 on reader service card 193 



New Books 

In planar language 

Physics and Technology of 
Semiconductor Devices 
A.S. Grove 
John Wiley & Son s, 366 pp., $1 2.95 

Although mos t scmiconJuctor de­
vices are now made by the s ilicon 
planar process, mos t tex tbooks still 
dea l with models fo r germ anium 
alloy devices. Probabl y no one has 
been more conscious of thi s lag 
than author Grove, head of a sur­
face and device physics s<·ction at 
one of th e major developers of the 
pl anar process-Fairchild Sem icon­
du ctor. He has clone a good job of 
fill ing the vo id . 

Primarily a tex t, the vo lume can 
also be worthwhile fo r prac ticin g 
eng ineers, s ince electronics engi­
neerin g is taking on more and more 
aspec ts of a ma terials -oriented sci­
ence. The au thor takes th e reader 
from basic semi condu ctor process­
ing through device operation , but 
doesn' t go into circu it operation. 

The book is divided into three 
parts: solid-sta te technology, semi­
conduc tors and semi condu ctor de­
vices, and su rface effects and 
surface-cont ro lled devices. The 
solid-s tate techn ology section con­
centrates pr imarily on diffusion and 
epitaxy; the semicondu ctor section, 
which ge ts the lion's share of at­
tention, d iscusses junction tran­
s istors and ju nction fi eld effect 
transistors; and the surfaces sec­
tion examines insul a ted-gate FET's 
and the proble ms assoc iated with 
ox ide in sula tors. 

F ew specia lized de,·ices arc cov­
ered . 1\1 icrowaYc co mponents, such 
as Schottky-barr ier an d Gunn-ef­
fec t diodl's , an d micrn\\·avc tran­
sis tors, aren ' t d iscussed at all. Al­
th ough in tegrated ci rcu its aren' t 
cowred , the discuss ions of indi­
vidua l dev ice opera tion can easi ly 
be extended to inc:ludc them. 

Organi za tionall y, the book has 
several nice touches: important 
fo rmulas arc grouped at the end 
of each chapter, many references 
to recent articles are gi,·en, th e di s­
cuss ions are broken into short 
closes for fast information re trieval 
on spec ifi c subjects, and the draw­
ings arc nea rly self-explanatory. 

In keeping wi th recen t develop-
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ments, gallium arsenide is given 
almos t equal treatment with ger­
manium and silicon, a recognition 
of the importance it will have in 
future devices. 

Putting IC's to work 

Applied Microelectronics 
W.M. DeBoice, R.E. Hovda 
R.C. Platzek, R.L. Ra mont 
Edited by C.F. O' Donnell 
Ameri can Aviat ion Publ icat ions Inc. 
265 pp. , $6.00 

Unquestionably, the Autonetics di­
vision of North American Aviation 
In c. has accumulated more man­
years of experience in des igning 
and apply ing integrated circuits 
than most electronic equi pment 
companies . Five Autonetics engi­
neers have written about their ex­
periences with re's, ga ined on a 
wide variety of programs-incl ud­
in g Minuteman. 

In this relatively inexpensive 
paperback book, the reader gain s 
an in sight into efficient IC applica­
tion and the techniqu es used. Start­
in g off with a discussion of ma­
terials and processing technologies , 
the authors proceed to cover d ig i­
tal sys tems, electromechanical con­
trol systems, h igh-frequency analog 
circuits, and, very briefly, trends 
in the technology-as th ev sec it. 

Th e book's chief virtu e is tha t 
the au th ors discu ss only wh at they 
are most familiar with-appl ying 
re's. Such topics as p-n junction 
theory are omitted on the premi se 
that these are covered better else­
where. And, as th e au th ors note, 
they " succeeded in overcoming the 
temptation to cover the subjec t of 
device des ign." 

Recently published 

Ana lysis of Discrete Physical Systems, 
H . Koenig , Y. Tokad, H. Kesavan, McGraw -Hill 
Book Co., 447 pp., $13.75 

A d isci pline is presented for the analysis o f 
sys tem s containing a fin i te number o f in t er­
ac ting components, d raw ing p r ima rily on 
exa mples o f appl ica t ions in electrica l, 
m ec ha ni ca l, and hydrau lic processes. Th e 
authors outline a genera l th eory fo r syst em s 
model i ng, inc luding st ate-space concept s a nd 
n um eri ca l solut ion s, as a foundati on fo r ad ­
va nced w ork in d es ign , synthesis, and control. 

Gas Lasers, C.G.B. Garrett, McGraw -Hill Book 
Co., 144 pp., $10.95 

Th is first book-length trea tment of the sub ject 
o f gas lasers covers origin a nd deve lopment , 
mecha ni sm s, desig n para m et ers, and ou t pu t 
charac ter istics. Det ai led descr iptions a re 

given of specific syst ems, such as h eli um­
neon , argon ion, and carbon diox ide. 

The Pr ogrammer' s ALGOL, Charles P. Lecht, 
McGraw-Hill Book Co., 251 pp., $8.95 

A progra mmer's reference book, this w ork co ,,. 
t a ins a detailed description of the struc ture 
a nd fo rmat of a w idely used computer 
la nguage. The 10 ALGO L st at em ents a nd 
dec la rations are presented as expanded forms 
o f a large number of i nst ruction . A direct o ry 
is provided to aid i n identifying a particula r 
st a tement or d ec la rat ion in relation to the 
bas ic ALGOL form s. 

Transistors for Audiofrequency: 
Audiofrequency Amplification, G. Fontaine, 
H ayden Book Co., 384 pp., $7.95 

The author a pp roaches t he subject v ia a 
thorough exam ina t ion of t he va r ious 
tra nsistor para meters and characteris tics 
ra ther tha n by spec ific circui t exampl es . 
Sem iconduc tor th eo ry is descr ibed in t erm s 
o f concentra tion c urves , a re la tive ly new 
m ea ns of expl ai n i ng static and dy nam ic 
e ffec ts . 

Automation and Instrumentation, edited by 
Luigi Dadda and Umberto Pellegrini, 
Pergamon Press, 722 pp. , $22.50 

The p roceeding s of th e Eig hth In t e rn at iona l 
Automation and In strumentation Convent io n, 
held in Milan , I t aly, in 19 64 . Aspects of suc h 
topics as control theory, information process­
ing, e lectronic t ech niq ues, a nd industri a l 
instrumenta tion are d isc ussed . Of the 56 
pa pers inc lud ed , 22 a re no t in Engli sh . 

Modern Control Systems, Ri chard C. Dorf, 
Addison-We sley Publishing Co. , 387 pp., 
$12.50 

An introduct io n to th e a nalysis and desig n o f 
indu stri a l a nd labora tory feedback contro l 
system s. In add i tion to cl assic theory , the 
author d iscusses modern concept s of sens i­
tiv i ty, performa nce ind ic es, state vari ables, 
a nd optimum co ntrol systems. Because of the 
introduct ory na ture of th e work, the au thor 
limits h is d iscu ssio n to linear, con st a nt­
pa ra meter sy st em s. 

Communication System Engineering 
Ha ndbook, edited by Donald H. Hamsher, 
McGraw-Hill Book Co., 950 pp., $28.50 

More than 30 experts contri buted to this 
overview a nd a p pr aisa l o f t he field , resulting 
from a pply ing th e sys tems approach to 
communications eng ineering . Fu nda m enta l 
design co nsi deration s, syst ems and ci rcu it 
engineering , f aci l iti es con st ruction, and basic 
a rea s suc h a s swit c hing, noise, coding , a nd 
acousti cal th eory are cove red . 

Electronic Conduction in Solids, Arthur C. 
Smith, Jam es F. Ja nak, Richard B . Adler, 
McGraw-Hill Book Co., 342 pp. , $13.50 

A gra dua t e- level text co nce rned with e lec­
tr ic a l cond uc t ivi t y , th ermoelect r ic , ga lva no­
m agnet ic , and th ermom agnet ic effect s i n 
m eta ls a nd semiconductors. Irreve rs ible 
th ermodyna m ics, cryst a l symmetry, energy 
ba nds , a nd Bol t zm ann tra nsport th eo ry a re 
cove red in detail from both t he mic ro scopic 
a nd m acroscopic viewpoint s. 

Power Supplies for Electronic Equipment, 
Leo G. Sar;ids, John F. Rider Publishe r Inc., 
187 pp., $6.25 

A guide t o t he purchase, appl ica t ion , an d 
m aintena nce of pow er su pplies. Bas ic t heory 
of tra nsform ers, rec t i fi e rs, filte rs, a nd vo lt age 
a nd current regu lators is presented . The 
cons idera t ions invo lved i n preparing powe r 
supply specifications are d iscussed . 

Switching Ci rc u i ts for Engineers, Mitchell P. 
Marcus, Prentice-Ha ll Inc., 338 pp., $12 

An introduc t ion to t he si mplifica ti o n a nd 
des ign of combinationa l a nd sequential 
sw it c hing ci rc u i ts, with th e emphasi s o n t he 
la tte r . Througho ut, th e a uthor dea ls w ith th e 
practi cal as pec t s ra th er tha n the a bstrac t . 
A r evi ew of Boolean a lg ebra acc ents app li· 
cation of the theore m s to specific s im pli f ica· 
ti on probl em s. 
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Not much 
of a plot,but 
a~at 
cast of 
characters. 
The characters are 6,000 manufacturers and 
more than 4,000 product listings. Even if 
you're not the literary type, you'll be 
interested in the unprecedented opportunity 
the Electronics Buyers' Guide affords you to 
reach readers. Over 445 ,000 engineer users 
go to E BG year round as a one-stop shopping 
center for all their electronic needs. 
Closing date : Space reservations: July 14. 
Plate closing July 28 . Book some space now! 
First come, first served . 

Electronics Buyers' Guide 
A McGraw-Hill Market Directed Publication, 
330 West 42nd Street, New York, N.Y 10036 
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1MANY OF OUR CONTACTS 
,ARE CONTACT PEOPLE 

That 's the strange thing about our 

business. We often don't know just 

who needs help with contacts . 0 u r 

own people find many of the people 

we serve, but the rest of our leads 

come from customers themselves. 

That's why we urge you to let us know 

when contact problems beset you. Or, 

as we say, "contact us , so that we can 

contact you." Once you indicate your 

particular need, we put skilled, ex­

perienced contact specialists to work 

on a solution. They work with the 

most modern facilities and technology 

to provide you with the contact you 

need, when you need it, and at area­

sonable cost too. 

So, do us a favor ... do yourself one, 

too. When the subject of contacts 

comes up, contact Deringer . You'll 

get the closest thing to tailor-made 

conta ct service you 'll find anywhere . 

I \l IDtttmtft 
METALLURGICAL CORPORATION 

1250 Town Line Rood - Munde lein, Ill inois 60060 
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Technical Abstracts 

Magnetic substrates 

All -garnet microstrip circulators 
for integrated circuits 
8- Hers.henov 
RCA Laboratories, Princeton, N.J. 

F errites are particularly useful in 
such nonreciprocal devices as iso­
lators and circulators in integra ted 
microwave circuits. Excellent re­
sults have been reported at X band 

. with a three-port circulator con-
sisting of an yttrium-iron-garn et 
disc mounted in a ceramic sub­
strate with microstrip tran smiss ion­
line connections [Electroni cs, 
March 20, 1967, P- 122]. A more 
ideal approach from the des ign and 
fabrication standpoint would be to 
use an all-garnet substrate. 

The value of magnetic insulating 
substrates was demonstrated by 
the construction of an all-garnet, 
three-port microstrip circulator. A 
copper disc, ground plane, and 
transmission lines were evaporateJ 
on a garnet substrate upon which 
a chrome flash coating had been 
deposite<l. A <lisc of 23 mils diam­
eter and tran smission lines 25 and 
27 mils in width were used. In 
tes ts performed with a p ermanent 
magnet and an electromagnet lo­
cated near the ground plane, inser­
tion losses were slightly greater 
than those observed with a ceramic 
substrate. Bandwidths were sig­
niflcantly greater at the 20-dccibel 
isolation points over a range of 
8 to 9 gigah ertz. 

F easibility tests were performed 
on a latched microstrip circulator 
made with the garnet circulator 
and a second piece of garnet con­
taining the latching wire and a di­
elec tric ring of magnesium titanate. 
Tes ts with this fairly crude model 
yielded a 20-db isolation band­
width of 400 megahertz. 

The la tched circulator can b e 
fabricated in one piece using the 
same techniques employed in mak­
ing laminated ferrite memories. 
This construction provides an im­
proved closed flu x path and elim­
inates losses through the gap be­
tween separate pieces. Shee ts of 
latched circula tors could be fabri­
cated, and individual units could 
b e connected together or used 
separately. 
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vVork on ferromagnetic in sulators 
indicates that it may be poss ible to 
locally dope substrates to produce 
active devices, using undoped por­
tions for pass ive devices . 

Presented at th e Internationa l Microwave 
Symposi um. Boston. May 8-11. 

Modular satellites 

Appl ication of microwave build ing 
blocks to communicati ons satellites 
R.E. Cooper, J.0. Holmes, R.M. Lockerd, 
and M.W. Smith 
Texas Instruments Inco rporated, Dallas. 

Microwave integrated-circuit an­
tennas may make possible a nearly 
ideal tactical co mmuni ca tions satel­
lite-one th at serves many users 
within a small geographical area 
and is nearly immune to jamming 
and message interception. A pro­
posed ic phased-array antenna, be­
sides providin g such operation, 
would also offer power and relia­
bility bonuses. 

The MECA (for molecular elec­
tronics for communica tions appli ­
ca tions) communica tion s sa tellite 
would be a frequency-translation 
repeater in a synchronous orbit. It 
differs from present relay sa tellites 
in that it would use two electron­
ically steered 500-elemcnt arrays 
of I -inch diameter spiral antennas 
for reception and tran smission, 
rath er than dipo le or parabolic an­
tennas. The modular anten na idea 
is similar to that applied by Texas 
In struments in the Air F orce's 
}.IERA (molecular elec tronics for 
radar applica tions) phasccl -array­
radar program. 

Behind each spiral antenna in 
the reception array would be micro­
wave ic's-frequency down-con­
verters , phase shifters and inter­
mediate frequency amplifi ers . The 
amplifled i-f signals would be tran s­
mitted in-phase to a manifold , 
where they would be combin ed and 
sent through a cen tral signal proc­
essor to another manifold. H ere 
they would be divided among the 
modules of the transmission array, 
amplifled again, raised in fre­
qu ency, phase shifted, and re trans­
mitted . 

Though powered by solar cells 
supplying only 500 watts, MECA 

would have an effective radia ted 
power of about 32 kilowatts be­
cause of its narrow beam and high 
ga in ; beamwidths of 3 to 5 degrees 
and gains of abou t 34 decibels are 
predicted. 

A small computer would gener­
ate electronic beam-s teering co m­
mands, deflec ting the beam throu gh 
a 10-degree-wide cone; from an al­
titude of 23,000 miles, this 10-de­
gree swin g would be more th an 
sufficient to cover a tactical area. 

Presented at the National Aerospace 
Elec t ronics Confer ence, Dayton, Ohio, 
May 15-17 . 

Like peas in a pod 

Dielectrica I ly isol·ated matched 
tra nsistor pairs 
W.C. Rosvold, W.H. Legat, L.K. Russel l 
Raytheon Co. 
Mountain Vi ew, Calif. 

Since two trans istors in adjacent 
s ites on a semiconductor wafer ex­
perience th e same process in g con­
dition s, there is a good like lihood 
that they will have nearly identi cal 
electrical characteristics. To oper­
ate as a matched transistor pair, 
however, they must be isolated. 
This can be clone with a dielec tric 
isolation technique similar to that 
used with integrated circuits . A 
polycrystalline s ilicon layer is used 
as a substra te, a silicon-diox ide 
]aver as an in sulator and an e tchin g 
p1~oces s separates the two tran sis­
tors into mesa structures project­
ing off th e silicon dioxide layer. 

In the process, a single-crys tal 
silicon wafer is flrst coated with a 
layer of silicon dioxide. A poly­
crys talline s ilicon layer then is 
grown atop th e silicon dioxide. The 
single-crys tal side of the wafer is 
polished , and diffused with n-type 
impurities which will ultimately 
form th e co ll ectors of the flni shed 
tran sistors. Nex t, the individual 
transistor mesas are etched. Base 
and emitter impurity diffusions arc 
performed and contacts deposited 
at the appropriate spots. Now the 
wafers are complete and ready for 
flnal scribing and dicing into two­
transistor chips. 

The resulting transistors in each 
pair have b e tas of about 50 that are 
within 5% of each other and dif­
ferences in base-to-emitter voltages 
within 1 millivolt. 

Presented at the Electroc hemica l Society 
Meeting, Dallas , May 7 -12. 
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HIGH VOLTAGE 
POWER SUPPLIES 

from NJE 

55 models available trom: 
• 0-2.5 KV up to 250,000 volts 
• 0-5 Ma up to 6,000 Ma 
• Load regulation 1 %-20% 
• Line regulation ± .5% for -+- 10% input 
• Over-voltage and over-current protection 
• Reversible polarity 
• Adjustable over-current trip-out, 20 to 120% 
• Adjustablll over-voltage trip-out, 80 to 110% 
• Three-range grounded voltmeter 
• Three-range grounded milliammeter 
• Automatic output-grounding switch 

ONE YEAR WARRANTY 
Write for new catalog. It's free. 

• 
N.J.E. Corp·oration 
Kenilworth, N. J. 07033 / (201) 272-6000 
Telefax: FFP • TWX: (201) 276-7630 

Electronic Development and Manufacture •o• 

Circle 250 en reader service card 

-c:::t 
I -= .. 
m 

I ... 
m 
Ml 
ca 

You'll be surprised ... 
Don't miss our low-cost; 
Hi-Duality Reed Relays 

designed for commercial 
"'------•~ application ... 

HERE'S OUR VITAL STATISTICS ..• 

Utilizing automated assembly techniques, Grigsby­
Barton introduces a completely NEW Reed Relay de· 
sign for LOW-COST commercial applications. This 
series, GB 350, embodies all important character­
istics such as reliability, hermetically sealed contacts, 
long life and excellent environmental characteristics. 
Add to these the outstanding individual features: 
compact size (1.15" x 1/2" x 1/2") • rugged Nylon 
housing • inputs and outputs terminated for printed 
wiring board installation • terminals stepped by 
.025" for easy cleaning • operate time of less than 
1 millisecond including bounce and release time of 
800 microseconds maximum • life at rated resistive 
load is 10 x 1Q6 cycles and at dry circuit 10s cycles. 

Two versions of this basic design are now avail­
able . .. Series GB350 (as Form A, Form B, Form C, 
and Form AHW Mercury Wetted) and Series GB352 
(as a double pole relay with similar switch forms). 

At your option electrostatic and electromagnetic 
shielding is available along with dual wound coils for 
latching types. 

For the answer to all your relay and 
switching problems, look to Grigsby­
. Barton designers and producers of 
Reed Relays, logic Cards and 
Switching Systems . 

GRIGSBY-BARTON, INC. 
107 NORTH HICKORY STREET 
ARLINGTON HEIGHTS, ILL. 60006 

PHONE AREA 312 / 392-5900 
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New Literature 

Pushbutton bridge. Wayne Kerr Corp., 
22 Frink St., Montclair, N.J. 07042, has 
available a brochure on the B641 uni· 
versal impedance pushbutton bridge, 
which measures impedance to 0 .1 % 
accuracy with no manual balancing re· 
quired. 
Circle 420 on reader service card . 

Aerospace telemetry. Radiation Inc., 
Box 37, Melbourne, Fla . 32901. Aero· 
space telemetry and data handling sys· 
terns and capabilities are described in 
a 40-page booklet. [421] 

Analog building blocks. Philbrick Re· 
searches Inc., Allied Drive at Route 
128, Dedham , Mass. 02026. Bulletin 
6630 is a 16-page illustrated brochure 
that discusses the Q3 series of modular 
analog instruments and systems. [422] 

Time code generator. Electronic En· 
gineering Co. of California , 1601 E. 
Chestnut Ave .. Santa Ana , Calif. 92702, 
offers a data sheet describing the 
ZA37000 airborne time code generator. 
[423] 

Modular supplies. E·Tronics, 5901 
Noble Ave ., Van Nuys, Calif. 91401 , 
has released bulletin MP-102 covering 
a new line of modular d·c power sup· 
plies . [424] 

IC analyzer. Computer Test Corp ., 3 
Computer Drive, Cherry Hill , N.J. 
08034, has published a technical bro· 
chure on the MICA-150, a modular, 
semiautomatic IC analyzer. [425] 

P-c board production. Remcor, 3136 N. 
29th Ave .. Phoenix, Ariz. 85017. A 
four-page brochure shows the step-by· 
step production of advanced design 
printed circuit boards, from custom 
circuit engineering through fin al in· 
spection . [426] 

Three-axis numerical control. West ing· 
house Electric Corp., P.O. Box 868, 
Pittsburgh, Pa. 15230. The model 30 
three-axis numerica l control , most 
recent of the company's new genera· 
tion of positioning and straight-cut 
machining controls, is the subject of 
four-page bulletin DB22-751. [427] 

Operational amplifiers. Computer Dy· 
namics Inc., 179 Water St., Torrington , 
Conn . 06790, announces a fou~page 
short-form catalog describing its eco· 
no my line of ± 10-volt operational d·c 
amplifiers . [428] 

IC logic cards. Monitor Systems Inc., 
Fort Washington , Pa. 19034, has issued 
a bulletin covering its Monologic TTL 
and DTL integrated circuit logic cards. 
[429] 

Permanent-magnet material. Thomas & 
Skinner Co., 1120 E. 23d St. , Indian · 
apolis, Ind . 46205. Illustrated with de­
magnetization and energy product 
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curves, bulletin M304·B lists the typical 
magnetic and material characteristics, 
and points out the specific features of 
Alnico 8 -C. [430] 

Resistors. EMC Technology Inc., 1133 
Arch St., Philadelphia , Pa. 19107, has 
available technical bulletins describing 
high-range, high -voltage, and high· 
frequency resistors. [431] 

Acoustic transponders. The Bendix 
Corp., Electrodynamics Division , 11600 
Sherman Way, N. Hollywood , Calif. 
91605, has issued a four-page bro· 
chure illustrating and describi ng 
bottom-mounted acoustic transponders. 
[432] 

Programable pulse generators. Data· 
pulse Inc., 10150 W. Jefferson Blvd ., 
Culver City, Calif. 90230. Programable 
pulse generators providing remote con ­
trol and automatic programing of all 
pulse parameters are described in t ech· 
nical bulletin llOFP. [433] 

Recorders. Esterline Angus Instrument 
Co., P.O. Box 24000, Indianapolis, Ind . 
46224. A 28-page publication includes 
complete information about electro· 
dynamometer recorders, permanent· 
magnet moving coil recorders, inkless 
and ink event recorders, pressure and 
vacuum recorders, and position and 
motion recorders. [434] 

General-purpose relay. Sigma lnstru· 
ments Inc., 170 Pearl St., Braintree, 
Mass. 02185. Series 65 catalog bul ­
letin contains latest technical data on 
a general-purpose, I -ounce relay rated 
to switch l·amp loads at least 1 mil · 
l ion t imes from 90-mw signals. [435] 

Quadruplexer/preamplifier. Aertech, 
250 Polaris Ave., Mounta in View, Calif., 
offers a technical data sheet giving 
complete specifications for the model 
Al623H solid state quadruplexer/pre· 
amplifier. [436] 

Instruments. Monsanto Co., 620 Pas· 
saic Ave., West Caldwell , N.J . 07006. 
An eight-page condensed catalog on 
electron ic instruments describes digital 
equipment based on integrated circuit 
techn iques without hybrid compromise . 
[437] 

Operational amplifier. Opamp Labs ., 
172 So. Alta Vista Blvd., Los Angeles 
90036. Spec ifications and 42 sche· 
matics on two loose-leaf sheets explain 
applications of the model 4009 opera· 
tional amplifier. [438] 

Memory exerciser. Honeywell Inc., Old 
Connecticut Path , Fra mingham, Mass. 
01701. Model 3602 memory exerciser, 
designed for laboratory development 
and production testing of magnetic 
core memory systems, is discussed in 
a 12-page brochure. [439] 

Multiple-use computers. Scientific Data 
Systems, 1649 Seventeenth St., Santa 
Monica, Calif. 90404. Brochure 64-00· 
08A devotes 16 pages to a family of 
real-time, multiple-use computers. 
[440] 

Attenuator and signal calibrator. We in· 
schel Engineering Co., Gaithersburg, 
Md ., has published a data sheet cover· 
ing the model VM-3 , an attenuator and 
signal calibrator that can make r-f 
power ratio measurements under a 
variety of conditions. [441] 

Rotary power switches. Electro Switch 
Corp., Weymouth, Mass. 02188. Cata · 
log E5000-2 describes more than 400 
standard Series 100 qu ick-snap 
switches in four sizes, for loads from 
3 to 200 amps a·c or d·c. [442] 

Liqu id flow switches. Magnetrol Inc., 
5300 Belmont Road, Downers Grove, 
lll. A complete line of liquid flow 
switches is described with text. photos, 
and drawings in a 12-page brochure. 
[443] 

Environmental test equipment. Assoc· 
iated Testing Laboratories Inc., 200 
Route 46, Wayne , N.J. 04740 has avail ­
able catalog M·6 describing a new line 
of environmental test equipment tea· 
tu ring solid state 1/<i °F and lh°F con ­
trollers . [444] 

Matrix program boards. Co·Ord Switch , 
102-48 43d Ave., Corona, N.Y. 11368, 
offers an applications and data bro· 
chure on matrix program boards. [445] 

Operational amplifiers. GPS lnstru· 
ment Co., 188 Needham St. , Newton , 
Mass. 02164, offers a brochure de· 
scribing the series 600, low cost, 
computer-qual ity operational amplifiers. 
[446] 

Low-loss ferrite. Indiana General Corp ., 
Keasbey, N.J., has published a tech · 
nical engineering data bulletin on 
Ferramic TC·8, a high Q, low-loss 
f erri te material. [447] 

Connector performance. Star·Tronics 
Inc., Georgetown, Mass. Bulletin CA· 
7339-40 describes the Star-Lok STM 
connectors' engineering performance 
under MIL test conditions . [448] 

Audio tone signaling. Quindar Elec· 
tronics Inc., 60 Fadem Rd ., Springfield , 
N.J. 07081, offers a bulletin covering 
audio tone signaling systems for re· 
mote supervision and telemetering. 
[449] 

Silicon power modules. Deltron Inc., 
Wissahickon Ave., North Wales, Pa. 
19454. Bulletin llOA describes six , 
new, compact and rugged , low cost, 
silicon power modules. [450] 

Spacer /bushings. Sealectro Corp ., 225 
Hoyt St., Mamaroneck, N.Y. 10543, has 
issued bulletin 157A on Teflon spacer / 
bushings that are designed to eliminate 
nuts, bolts, and the other hardware 
required to mount p·c cards. [451] 
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NEW 
Ultrasonic 
Soldering 
Systems 
l/C PACKS 
COMPONENTS 
SUBASSEMBLIES 

• 
• 
• 
Redford has a broao range of fully automated, semi-automated, and 
manual systems. With ultrasonic soldering there is no worry about corro­
sion caused by residual flux because no flux is used. Pre-cleaning and 
post-cleaning eliminated. Send our application engineers a sample of your 
'problem'-or call and tell them about it ... even between noon and 1 pm. 

l 092 Catalyn Street 

Schenectady, NY l 2303 

Phone 518 / 377-2204 

REDFORD 
CORPORATION 

Circle 251 on reader service card 

Not much of a 
plot, but a great 
cast of characters. 
The characters are 6,000 manufacturers and more 
than 4,000 product listings. Even if you're not 
the literary type, you'll be interested in the 
unprecedented opportunity the Electronics Buyers' 
Guide affords you to reach readers. Over 445 ,000 
engineer users go to EBG year round as a one-stop 
shopping center for all their electronic needs. 
Closing dace: Space reservations: July 14. Plate closing 
July 28. Book some space now! First come, first served. 

Electronics Buyers' Guide 
A McGraw-Hill Market Directed Publication, 
330 West 42nd Street, New York, N.Y. 10036 
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FIVE GUESSES ..• 
WHAT ARE THEY? 

lOOOF llOOF 

ACTUAL SIZE 

1200F 
CAPACITORS? 
DIODES? 
INDUCTORS? 
RESISTORS? 
FUSES? 

If you said resistors you'd be right of course. 
And if you said fuses you'd be right again. 

That's right, FUSIBLE RESISTORS.* 

This new adaptation of miniature power 
resistors comes from SAGE ELECTRONICS, 
a leading producer of standard silicone 
and custom designed wirewound resistors. 

As the name implies, SAGE type F units 
are special, dual-function resistors ... 
custom-made, typically in fractional 
or very low ohm values. 
* PAT . PE:>:O!NG 

HERE'S THEIR DUAL FUNCTION ..• 

1. Act as long-life, highly stable, fixed 
resistors up to specified current level. 

2. Safely and permanently blow circuit open 
within a specified time interval 
if critical current level is exceeded. 

200 r-+--+-1-+-+-+--+-+-+--+-+-+-l 

100 r-+---t-i~-V--+-+--+-+-+--+-+-+-l 

50t--t---t-i--t-~T"""-""!o;;;:t--t---t--l--t--t-1 
~ 

4 5 6 7 8 9 10 11 12 1314 15 16 
CURRENT STEP-Amperu 

Graph shows represen tative results 
on a SAGE lOOOF Hl part . 

For a prompt analysis of 
your application, contact us, 
outlining details of 
re sistance value, fusing 
time and current. 

Or for specifics of 
environmental performance, 
body size, etc ., write, wire 
or phone for :.1' 'im•,,w,,,.. 
a copy of ,,, • ...,.,. ,,,. 

Catalog R·66. 'ml 
""t . ,,,Diil• oO\l• \~ 

SAGE ELECTRONICS CORP. 
BOX 3926 • ROCHESTER , N . Y. 14610 

PHONE: 716-586-8010 

Circle 199 on reader service card 199 



RF CIRCUIT ENGINEERS 
SYSTEMS ANALYSIS ENGINEERS 
SYSTEMS INTEGRATION ENGINEERS 
INDUSTRIAL ENGINEERS 
DIGITAL ENGINEERS ••••• 
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•• SEARCHING 
• FOR • • • • • • • • • Ill 
II 
II 
II 
II 
Ill 
II 
II 

• 

OPPORTUNITY instead of promises? 
We can't promise you ' ll realize all your career ob­
jectives at ECI, but we will give you every oppor­
tunity. And we'll help you every way we can. The 
rest is up to you. 

CHALLENGE instead of a chance? 
Challenges lead to accomplishments. Chances 
don't necessarily lead to anything. If you like the 
satisfaction of accomplishing things, you'll like 
working at ECI. We' re objective oriented . 

GROWTH instead of a groove? 
In our business you can 't afford to stop learning 
... to stop growing. At ECI you ' ll be pushing the 
state-of-the-art. There are few confining grooves 
when you explore the unknown. 

And LOCATION too? 
If you're going to like your job, you might as well 
lil<e where you 're living. We' ll pit the St. Petersburg 
area against anyplace in the U.S. for stimulating, 
comfortable living. 

INVESTIGATE ECI! 
We have immediate openings in design and super­
vision. You 'll work on systems and equipment in 
satellite communicat ions, multiplexing, electronic 
switchboards, and advanced VHF / UHF communi­
cations using microc ircuitry and state-of-the-art 
techniques. 

Send your resume, in confidence, to K. S. Nipper, 
Supervisor of Professional Placement. Electronic 
Communications, Inc. Box 12248E, St. Peters­
burg, Florida 33733. (An equal opportunity em­
ployer.} 

-

• • • • • • II 
II 
II 
Ill 
II 
II 
II 
Ill 
II 
II 
II 
II 
II 

• II 

• • St. Petersburg Division 
• Electronic Communications, Inc. • 

•••••••••••• 

Do you need electronics en· 

gineers or technical man-

agement men? Electronics 

magazine is the way to re· 

cruit them. Electronics is 

designed specifically for 

the working engineer. 68,-

000 subscribers and an ad-

ditional 133,000 pass-along 

readers turn to it to keep 

up with their industry. You 

can find the man that meets 

your qualifications with an 

advertisement in the Em-

p 1 o y m e n t Opportunities 

Section. 

For rates & information 

write: Electronics, a Mc-

Graw-Hill Publication. 

Classified Advertising Divi­

sion, Post Office Box 12, 

New York 10036. 
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CLASSIFIED ADVERTISING 

BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

For Sale 

VACUUM MET ALIZER 
or COATING SYSTEM 

N. R.C. Type 3 1438-42301. Chamber size 36" dia . 
X 6' long comp lete with diffusion pumps, me­
chan ical pumps, gauges an d power su pp lies. Over. 
all dimensions 19' lo ng, 8' 6'' high . Use-d 3 
months. 

Also 2 G. E. 5 l(W diel ec tric heaters. 45 mega ­
C}'Cles. 

INSTRUMENTS & MACHINES, INC. 
1200 Grove St. Irvington. N.J. 07111 

Telephon e: (201) 37 1-7900 

..•. 
RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS 
3 & 10 CM . SCR 584 AUTOTRACK RADARS. M -33 RADAR 
TPS-10 SEARCH. APS-45 TPS-100 HT. FINDERS. WX RADARS. 
FPN-32GCA. APS-10 APS-158 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 

PROFESSIONAL 

SERVICES 

Donald C. Harder., Inc. 
Magnetic Component Engineers 

Reactors-Transformers-Filters 
Serving the Research laboratory 

2580 K Street, San Diego , Calif. 92102 
Phone (714) 239-8021 

THE 
TREND 
TOWARD 
ECONOMY-
The service of the consulting 
engineer is a real economy. 
With his knowledge of organi­
zation and production prob­
lems and his wide and varied 
experience, he can usually re­
veal the points of waste and 
inefficiency that are costing 
you money and suggest inex­
pensive means for their elimi­
nation. 
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Here is your opportunity to associate with a high calibre staff in its for­
mative state. At our research center in Ithaca we are engaged in explor­
atory activities in aircraft and ocean instrumentation. Our job is to come 
up with new ideas and new designs for transducers, modules and sub­
systems using the latest techniques and components. We seek the help 
of talented and resourceful engineers (E.E. & M.E.) having up to ten 
years applicable experience. 

Technical domain of this work will range through ... Solid-state applica­
tions • Servo-mechanisms • Transducer design • Circuit design • Elec­
tromechanical design • Subsystems design & testing • Analog and 
digital techniques. 

Th is is a real ground floor opportunity. Your opportunity also to live and 
work in the stimulating atmosphere of Ithaca, the educational, recrea­
tional and scenic center of the Finger Lakes region . 

Inquiries will be treated in confidence. Send resume to: Mr. R. G. Thrasher, Dept. E 

THE BENDIX CORPORATION 
FLIGHT & ENGINE INSTRUMENTS DIVISION 
RESEARCH CENTER, CORNELL RESEARCH PARK, ITHACA, N.Y. 14850 

An Equal Opportunity Employer 

:_111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111!: 

= 

ECM SPECIALIST 
Investigate Now!! 

Challenging position is immediately available for experienced 
ECM Specialist who can readily accept responsibility and perform 
his assignments with a minimum of supervision. 
Qualifications should include a B.S.E.E. and a minimum of 3 years 
experience in one or more of the following: 

• Receivers • Transmitters 
• Reception Techniques • High Power Tubes 

SALARY TO $21,000 
Depe nd t" nt Cpon llack grou nd and E'- 1lerience 

Arrange an immediate interview with New York City area Manufacturer, 
by sending comprehensive resume to: P-3064, Electronics, Class. Adv. 
DiY., P. 0. Box 12, N. Y., . Y. 10036. (All r eplies he ld in strict confidence.) = 
An Equal Opportunity Employer, M/ F. 

;;,11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111f:: 

R. U. answering more than1 
advertisement? Then please send a 
separate reply to each box number. It 
will help you get an answer sooner. 

·---------------El.E's * For FEE PAID positions 'ttfS' throughout l,l .S. 

(ii none. send coupon for 
confidential application.) f 

SEND RESUME TODAY 

ATOMIC PERSONNEL, INC. 
uite L, 1518 Walnut St., Phila ., Pa . 

Experienced Engineers 
Working Full Time for You! 

Name, ____________ _ 

Address ____________ , 

Cily ________ State, ____ , 

AN ( fo'l'L OY M[N I 4r,(f.,_T' fl)A "'Ll f(.'CHl'.IC -" l flrtOS ·--------------.. 
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The only expense HP spared 
in making these versatile counters ••• 

• 
• • • 1s yours . 
Only Hewlett-Packard offers the versatility-econ­
omycombination represented by the new 5221Aand 
5216A Electronic Counters, using integrated cir­
cuits. Wide frequency range, high input impedance 
and sensitivity, long-life readout tubes with display 
storage, six measuring functions (in 52 l 6A) ... all 
this at prices as low as one-ha[[ that of comparable 
electronic counters available today. 

The HP 5221A Counter has 0.1 and 1 second gate 
times (power line frequency time base), l meg/ 30 pf 
input impe-Oance and an input signal sensitivity 
of 100 millivolts. lt is the lowest cost frequency 
counter with a 10 MHz coui1ting rate available. 

'-

4-digit readout is standard, 5 or 6 digits optional. 

The HP 5216A Counter is an extremely versatile, 
7-digit, 12.5 MHz counter for measuring frequency, 
time interval, period, multiple period average (in 

HEWLETT ' 

Circle 202 on reader service card 

decade steps from 1 to 105), frequency ratio and 
totalizing. Gate times: 0.01 / 0.l / 1.0/ 10 sec. lnput 
sensitivity: 10 mV. Input impedance: 1 meg/ 50 pf. 
Time base: crystal with < ± 2x I0-6/ month maxi­
mum aging rate. BCD output for operating data 
printers and other system elements. The price, even 
though the 52l6A's frequency range is greater, is 
30% below counters with similar functions. 

Both counters feature HP's exclusive zero blanking, 
which makes reading easier and faster by suppress­
ing any zeros to the left of the most significant 
digit. This unique benefit results from specially 
designed Hewlett-Packard proprietary integrated 
circuits used in both of the new counters. 

Call your local HP field engineer for more details, 
or write Hewlett-Packard, Palo Alto, California 
94304; Europe: 54 Route des Acacias, Geneva. 

02705 
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Europe to stress 

communications 

satellite projects 

Soviets hit by lack 

of disk memories 

Japanese nix 

high royalties 

for Nixie tubes 
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Newsletter from Abroad 
June 26, 1967 

The first concrete steps toward a unified Western European space pro­
gram may be taken in early July when European science ministers meet 
in Rome. 

Little chance is seen for an expected proposal by the smaller countries 
to merge three existing international space agencies into a European 
counterpart of NASA. But the ministers very likely will work out some 
scheme to mesh more closely the activities of the three agencies--the 
10-nation European Space Research Organization (ESRO), the seven­
nation European Launcher Development Organization (ELDO), and the 
European Conference for Space Telecomunications, made up of the 
European members of the International Telecommunications Satellite 
Consortium. 

Also likely to come out of the Rome meeting is an agreement to put 
communications satellites uppermost in future joint European space 
efforts. All the countries involved are Intelsat members and none is happy 
about U.S. domination of the consortium. 

An agreement in principle, however, wouldn't immediately produce a 
European communications satellite project. France and West Germany 
have a joint project of their own under way and would balk at any sub­
stantial increase now in the budgets for the international agencies. 

But the emphasis on communications satellites may doom ESRO's 
most ambitious research project, the 1,800-pound astronomical laboratory 
originally scheduled for a 1971 launching. Estimated costs of the orbiting 
laboratory are now well beyond the $50 million budgeted. ESRO officials 
fear the program may be dropped and the funds diverted to communica­
tions satellite development. 

A dearth of magnetic-disk memories is slowing the introduction of the 
Soviet Union's new generation of transistorized computers. Soviet data­
processing experts say no disks are produced in the country for non­
military use and, quite likely, none for military applications. The explana­
tion: state planners overlooked the vital peripheral, and the computer­
building facilities all thought someone else had the task in hand. 

The Soviets now expect to be turning out disk memories within a year. 
Meanwhile, they11 try to buy abroad. Most likely suppliers are Britain's 
International Computers & Tabulators Ltd. and the Mitsubishi Electric 
Corp. of Japan. Both have already made sales pitches to the Russians. 
U.S. manufacturers are shut out by the embargo of strategic equipment 
exports to Soviet-bloc countries. 

Japanese desk-calculator makers and the Burroughs Corp. are getting 
nowhere in their attempt to set royalty rates on Japanese copies of the 
Nixie tube, Burroughs' patented cold-cathode display. The impasse 
threatens exports of desk-calculators to the U.S. 

The Japanese concede that Burroughs has royalties coming, but say 
the U.S. company wants far too much. Burroughs wants to settle for 
something like 45 cents a tube; the Japanese see a royalty rate of 8%­
about 16 cents a tube-as their limit. 

Any rate agreement would have to be okayed by Japan's powerful 
Ministry of International Trade and Industry. The agency rarely approves 

203 



French find takers 

for new missile 

Japan seeks bigger 

French market slice 

Boeing sale boon 

to Hawker-Siddeley 
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Newsletter from Abroad 

a licensing arrangement setting royalties higher than 5%, although it may 
go along with an 8% deal in this case as Burroughs' patents cover both 
the device and the associated circuitry. 

With no immediate accord in sight, the pressure on the Japanese com­
panies will grow in the next few months. Most have tooled up to produce 
new desk-calculator models and are counting on exports for the bulk of 
sales. The government has warned electronics firms with patent problems 
to hold off on exports. Along with the Burroughs impasse, producers of 
integrated-circuit desk calculators have yet to unsnarl a licensing tangle 
with Texas Instruments Incorporated [Electronics, April 3, p. 258] . 

The French may have an armaments best seller in a highly mobile, low­
altitude ground-to-air missile system they call the "Crotale"-rattlesnake. 

Although Crotale still is in the prototype stage, its developers say "sev­
eral" countries have ordered systems after 25 successful firings from the 
French missile test range. Compagnie Francaise Thomson Houston­
Hotchkiss Brandt developed the electronics for the radar-guided weapon 
and Societe des Engins Matra the missiles themselves. 

Crotale can handle targets flying at supersonic speeds at altitudes from 
165 feet to 9,800 feet. It takes just 5 minutes, Thomson-Houston says, to 
set up the system and have it operating. A nine-ton vehicle carries the 
acquisition radar. The missile-Bring batteries, each with its own guidance 
radar, also are vehicle mounted. 

With 165-pound missiles. Crotale is much lighter than the Hawk, the 
1,275-pound staple ground-to-air weapon of West European armed 
forces . Thomson-Houston claims there's no equivalent to Crotale in the 
U.S. arsenal. Nearest thing to it was the Mauler forward area air defense 
system abandoned in 1965 after $200 million had been spent trying to 
develop it. 

The Japanese Electronic Industries Association will try next month to 
persuade the French government to ease its curbs on Japanese electronics 
imports. The association, backed by the Tokyo government, will plump 
for an end of the restrictive French quota system within two years. 

Japan pulled out of a Bve-year-old electronics trade accord with France 
last month [Electronics, May 15, p. 228]. Instead of the hoped-for increase 
in quotas, the Japanese found themselves stymied by the pact. They main­
tain that since Japan has lifted most quota restrictions on imports, France 
should follow suit. Both countries are members of the Organization for 
Economic Cooperation and Development, the 21-nation body that pres­
sured Japan into easing its curbs on foreign capital investment. 

Hawker-Siddeley Dynamics Ltd. is counting on a lot of fallout from its 
sale this month of a $1 million Trace automatic test system to the Boeing 
Co. Peter Brett, the British company's sales manager, expects major air­
lines that fly Boeing jetliners will follow Boeing 's lead. The market in 
sight: some 40 Trace units in the U.S. and about 200 worldwide. 

Hawker-Siddeley bested nine U.S. bidders for the Boeing order. Boe­
ing will use the equipment-three test stations controlled by a Scientific 
Data Systems Sigma 2 computer-on its jetliner production line starting 
in July 1968. 
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New economy 
Semiconductors from TI ... 

get 'em first from 
Electronic Wholesalers 
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Here is a new seri es of TI "first s" 
in SILECTrn semiconductors. Get 
'em fir st from our complet e st ocks 
which include the entire T I line. 

Industry's firs t 
plastic encapsulated MOS FET 
The TIXS67 is the fir st p-cha nnel 
s il icon enhancement mode field-effect 
t ra nsistor t o be encapsulat ed in 
plastic. Ci rcle 290 for data sheet . 

New low-cost, high-voltage 
FET replaces vacuum tubes 

The new TIXS78 s ilicon N-cha nnel 
FET offer s a 300-volt minimum 
breakdown voltage, maki ng it a one­
for-o ne replacement for many vac­
uum tube applicati ons. Circle 291 
fo r data sheet . 

New economy ma tched pa ir F E Ts 

The TIS68 pair is matched within 5 
percent fo r l oss and Yrs. yet are low 
in cost. Circle 293 fo r data sheet. 

New F ET switches 

The TIS73-75 ser ies are industry's 
fir st low on-resistance, low-leakage 
S\Yitching FETs. Circle 295 fo r data 
sheet . 

New planar UJTs 
The 2N 4892 seri es of plana r s ilicon 
UJTs in SILE CT packages a re the 
fi rst such dev ices t o be char act er­
ized fo r specific applications. Circle 
296 fo r data sheet. 

" SERVING THE ENTIRE SOUTHEASTERN U .S." 

Smallest, lowest cos t SCRs 

T l 's new TIC44-47 SCRs ar e the 
smallest available, yet a re priced 
only one-thi rd as much as metal­
can equivalents. Ci rcle 297 for data 
sheet. 

SILECTTM package 

These economy semiconductor s f ea­
t ure Tl's new SILE CT molded pack · 
age with T0-1 8 pin circle lead con­
fi guration. A recent r epor t, cover ­
ing 10 mill ion hours of t esting, 
concludes that SILE CT transistors 
a re as reliable as metal-can devices 
t ested under the same conditions. 

New Economy Semiconductor 
Des igner's l\.it 

Save more t han 75 percent on 
a broad assortment of econ­
omy semiconductors for eval­
uation. Get your kit from us. 

Circle 298 for info rmation. 

ELECTRONIC WHOLESALERS INC. 
WASH I NGTON, D. C. BALTIMORE, MARYLAND WINSTON-SALEM, N. C. MIAMI , FLOR I DA ORLANDO, FLORIDA 

2345 She rman Ave .. N.W. 3200 Wilken s Avenue 938 Burke Street 9390 N.W. 27th Avenue 345 N. Graham Avenue 
Phone 202-483·5200 Phon e 301-646-3600 Phone 919-725-8711 Phone 305- 696 -1620 Phone 305-84 1· 1550 
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CERAMAG® FERRITE PARTS ARE CONSISTENT 
Stackpole otters over 30 grades of Ceramag® material. More 
are being developed continually. Such up-to-the-minute 
technology permits you to specify Ceramag® on every new 
application. Discover the unique advantages of the versatile 
Ceramag® ferrites: complete moldability to virtually any 
shape, and the important savings over steel alloys for low 
frequency applications. When high permeability is an im­
portant factor, Ceramag® is the answer. 

Hundreds of Ceramag® parts are already tooled as toroids, 
cup cores, insert cores, transformer cores, deflection yokes 
and rectangular solids. Special tooling is also available . 

Stackpole is a name long associated with quality components 
in the electronic field . Only the closest attention to every 
production detail can result in the kind of product uniformity 
available with Ceramag® ferrites. As one of our customers 

206 Circle 206 on reader service card 

put it, "Your ferrite cores are more consistent from order to 
order than any of your competitors." 

If you are about to select a ferromagnetic material for a new 
application, or if you are dissatisfied with the performance 
and service of your present ferrite supplier, why not investi­
gate Stackpole's Ceramag®? To discover how you can save 
and still insure superior performance, write for our Bulletin 
1-A, Stackpole Carbon Company, Electronic Components Divi ­
sion, St. Marys, Pennsylvania 15857 . Phone: 814-781-8521 
- TWX: 510-693-4511. 
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Tumbling walls 

Late June found harried foreign 
trade officials in ViTashington racing 
against the clock to fit together the 
pieces of a staggeringly complex 
jigsaw puzzle-the thq_usands of 
tariff cuts involved in the Kennedy 
round of trade liberalization nego­
tiations. 

The main outlines of the pack­
age, the most ambitious attempt 
ever to lower trade barriers, were 
set last month in Geneva after four 
years of haggling among the 53 
member coun tries of the General 
Agreement on Tariffs and Trade. 
But when they plunged into the 
enormous job of codifying-before 
June 30--some 6,000 tariff cuts, the 
U.S. negotiators found that many 
pieces of the puzzle still had to be 
trimmed to size. 

Still , the odds are overwhelming 
that the complex documents spell­
ing out specific reductions in levies 
on thousands of items will some­
how be ready for signing by Presi­
dent Johnson before his blanket 
authority to lower tariffs expires on 
June 30. But it will be long after 
that before the electronics indush·y 
gets a clear picture of ju st what it 
stands to gain-or lose-in the 
deal. 

Briefing. The first solid indica­
tion of what U.S. negotiators horse­
traded during the long negotiations, 
which essen tially pitted the U.S. 
against the six-nation European 
E conomic Community, won't come 
most likely until the first week in 
July. At that time, such ranking 
U.S. officials as Commerce Secre­
t ary Alexander Trowbridge and 
William Roth, the top U.S. Ken­
nedy-round negotiator, will brief 
businessmen in Washington on the 
details of the cuts. 

Even then, marketing seers will 
need crystal balls to gauge the im­
pact of the Kennedy round on U.S. 
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foreign trade in electronics , which 
last year totalled nearly $2 billion. 
The tariff cuts will be spaced out 
over a five-year period ending in 
1972. During that time the whole 
complexion of foreign trade pat­
terns could change because of fast­
developing technology and impon­
derable political developments. 

Clues. Although Washington has 
kept mum on specifi c cu ts, the Jap­
anese government has hinted that 
tariff reductions of 50% are in the 
offing for a dozen electronics prod­
ucts. These include transis tor ra­
dios, television receivers , tubes and 
semiconductors, and tv picture 
tubes. Except for picture tubes, 
protected b y a 30% barrier, current 
U.S. tariffs on these products are 
no more than 12.5%. 

At first glance, then, the upcom­
ing Kennedy-round cuts pose few 
problems in the U.S. domestic mar­
ket. Of last year's $720 million of 
electronics imports, a full two­
thirds came .in at tariffs between 
10% and 12.5%. 

Halving these relatively low tar-

Negotiator. William Roth led U.S. team 
in Kennedy-round bargaining. 

ills won't cause much of a change 
in prices of imported radio and tv 
receivers , most of which come from 
Japan. The Kennedy round, though, 
should be a boon to Japanese pro­
ducers trying to make headway in 
the Common Market. There the 
common tariff for receivers is set 
at 22% and halving that would 
make a difference. 

F or U.S. electronics exporters, 
the Kennedy-round numbers look 
favorable. In Japan and Britain, for 
example, the cuts will be applied 
to exis ting tariff levels that gen­
erally run between 15% and 22%. 
Component makers can expect to 
do better in Britain when protec­
tion there drops from 20% to 10%. 

But for many products, the Ken­
nedy round doesn't mean much. 
The major U.S. semiconductor pro­
ducers, for example won't derive 
any particular benefit from Com­
mon Market tariff cuts since they're 
already running plants inside the 
EEC tariff wall. Computer makers, 
who last year accounted for a quar­
ter of the $1.2 billion in U.S. elec­
tronics exports, can't e~pect any 
significant change because of tar­
iff cuts. Their major selling point 
~s performance and programing 
backup, not price. And for mili­
tary hardware, tariffs simply don't 
count. 

Other hurdles. Despite the im­
pending cuts, U.S. exporters still 
will have hurdles to hop when they 
sell abroad. The attempt in the 
Kennedy round negotiations to 
slash nontariff obstacles to trade 
largely failed and they remain to 
hamper foreign trade. 

One s tumbling block is the "buy 
national" policy followed b y nearly 
all governments. The practice curbs 
foreign firms competing for military 
and telecommunications equipment 
contracts in particular. 

Then there are quotas, overt and 
sub rosa. Japanese semiconductor 
makers, for example, long have 
,complained that they're hamstrung 
in the French market by a piddling 
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quota for transistors and diodes. 
Even when there are low tariffs 

and no quotas , exporters often find 
that complex customs regulations, 
border taxes, and the like keep the 
scales tipped in favor of domestic 
producers. 

Israel 

lessons of war 
Before the Arab-Israeli war, Israel's 
electronics industry was poised for 
a great leap forward. Now the gov­
ernment is more convinced than 
ever that the nation 's growth and 
security will largely depend on the 
strength of its electronics industry. 

Nachum Shamir, Israeli eco­
nomic minister to the U.S. , says 
the war proved that superior tech­
nology is vital. In line with Israeli 
contentions on who started the war, 
Shamir says it was "our radar that 
caught the takeoff of Egyptian jets 
from airfields in Sinai and enabled 
our planes to catch the res t of the 
Egyptian craft on the ground. Also, 
good, reliable communications are 
vital in a war with widely separated 
units in action on three fronts ." 

Not only that, he notes, but 
France, Britain , and vVes t Germany 
at the outbreak of war halted de­
livery of items needed to keep the 
army and air force moving for more 
than a few weeks. And Israeli 
manufacturers couldn't maintain 
stockpiles because the country's re­
serve call up left gaps in their work 
force. It became clear in this short 
war that the domes tic electronics 
industry will have to get into new 
military areas while increasing pro­
duction of its old lines. 

Captive audience. Israel also 
gobbled up Arab territory-Gaza 
and the west bank of the Jordan­
that it says it won't give back. This 
undeveloped area, home for 250,000 
people, is a potential new market 
for products ranging from generat­
ing equipment to radios and tele­
phones. And government officials 
say they have no intention of back­
in g away from pre-.var plans to es­
tablish a national entertainment 
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television network and to increase 
exports of such items as custom­
bu ilt computers and electromedical 
equipment. 

There are 33 electronics com­
panies in Israel, but only four of 
them can be classified as major; 
the res t are essentially assembly 
plants. The larges t firm is Tadiran 
Ltd. of Tel Aviv, owned jointly by 
the Defense Ministry, the national 
labor federation, and private inter­
es ts. Tadiran makes military com­
munications equipment-both of its 
own design and under U.S. license 
- and exports to the U.S., Scandi­
navia, and most of the new African 
nations. In the consumer fl eld it 
turns out radios and air condition­
ers, and for industry it makes tele­
phone exchanges, digital control 
sys tems, and the like. 

Electronics Corp. of Israel, also 
in Tel Aviv, is partl; owned by 
Americans . It does some military 
work in communications equipment 
and also makes consumer radios 
and television sets. 

Israel Aircraft Industry, near 
Lod, specializes in aircraft com­
munications equipment and in stru­
mentation, including airborne radar 
and radar tes t equipment. 

Elron of Haifa is said to have 
the bes t research and development 
se tup in the country. It's b es t 
known for its scicntiflc and medical 
equipment, but also produces a 
table-model computer. 

Motorola (Israel) in Tel Aviv is a 
small plant making two-way radios. 
But Israeli officials say it will be 
expanded to become a base for part 
of Motorola's European , African, 
and Asian operations. 

Tv boom. Th e industry has b een 
growing at an annual rate of 20%, 
and officials sec an acceleration in 
sight. Exports, which hit the $1 
million mark in 1964, are expected 
to reach about $18 million by 
1970. In nonmilitary areas , con­
sumer products accounted for 
abou t 25% of output and profes­
sional equipment for the remain­
der; but with the advent of televi­
sion the ratio could become 50-50 
within three years. 

Prewar plans called for 100,000 
opera ting tv receivers by 1969-
there are 30,000 now-and 200,000 
by the early 1970's. 

Japan 

Small wonder 
The Sony Corp. stoutly insists that 
it never introduces a new product 
until it has something really dif­
ferent to offer. And at this month's 
consumer products show of the 
U.S. Electronic Industries Associa­
tion , the Japanese flnn showed that 
it's sticking to its long-s tanding 
marketing strategy. 

Sony, which had steered clear of 
the American color television mar­
ket, now plans to sell a transistor­
ized 7-inch color set in the U.S. 
next spring. Later next year, the 
company will see what sort of 
waves it can make in the black-and­
white market with a lilliputian port­
able built around a 1-inch picture 
tube. Sony unveiled prototypes of 
both sets, along with a portable 
video tape recorder, at the EIA 

consumer show. 
Guinea pig. With its black-and­

white set, Sony has gone about as 
far with miniaturization as anyone 
would care to go. The picture, 
whose viewable diagonal measures 
about 1.2 inches, is so small that 
Sony has paired it with a magnify­
ing glass that increases the image 
11/ 2 times-to ju st under 2 inches. 

Company official s frankly admit 
th ey don't expect mu ch of a mar­
ket for the set-at the outset, any­
way. They see it mainly as a sort 
of adu lt toy or a gift item rath er 
than a mass seller. The price will 
be in the $200 range. 

Even if the set doesn' t catch on , 
though, Sony expects the devel­
opment to pay off. The 1-in ch 
portable marks Sony's flrst use of 
integra ted circuits in tv receivers 

_and thus is a gu inea pig of sorts. 
Sony plans to put the IC know-how 
gained with the tiny tv to use in 
later, larger models. \Vhat's more, 
the 1-inch tube and much of the 
associated circuitry also hirn up in 
the new portable video recorder, 
for which Sony has high hopes. 

Accent on IC's. Along with the 
1-inch, 30° picture tube, Sony has 
developed special integrated cir­
cuits for the black-and-white re­
ceiver. Discrete semicondu ctors 
turn up only in the tuner and the 
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output stage of the horizontal de­
flection circuits. The rest of the 
circuitry is accounted for by 11 IC 

packages, some monolithic, some 
hybrid. The speaker is the same 
one Sony uses in its IC radio. 

The tiny set has all-channel tun­
ing in the very-high-frequency and 
ultrahigh-frequency bands, and 
runs about two hours off its four 
rechargeable, penlite-size, nickel­
cadmium cells. Tuning controls are 
grouped on one side of the lower 
half of the set. The upper half 
slides forward to simultaneously 
switch on the receiver and focus 
the magnifying glass. 

With its transistorized color tv, 
Sony hopes to do in the U.S. color 
market what it has done in the 
black-and-white market-gain a 
foothold with a set smaller than 
local producers offer. Rather than 
compete head-on with U.S. manu­
facturers like the General Electric 
Co., which has an 11-inch set on 
the market, Sony has slimmed its 
first export color set to 7 inches, 
the same screen size as its su ccess­
ful transistorized black-and-white 
portable, and priced it at $350. 

Unmasked. Design of the pro­
duction color set still hasn't b een 
frozen, but Sony engineers hint 
it will have b etween 40 and 50 
transistors. For the picture tube, 
Sony will use its Chromatron , a 
three-gun tube with color-switch­
ing grids rather than the conven­
tional shadow-mask. 

With the 7-inch picture tube, 
Sony expects to avoid the produc­
tion-line headaches it has had with 
the 19-inch Chromatron used in 
the few color sets it produces for 
the Japanese market. A big prob­
lem here is the bulb-bought out­
side, expensive, and hard to han­
dle. Sony will make its own glass 
for the small picture h1bes. The 
tight tolerances for the switching 
grids are obviously easier to hold 
in a small tube than a large one. 

Great Britain 

Glide guide 
Helicopters have th eir problems 
when bad weather closes in on 
commercial airports. Most often 
they are grounded while other craft 
continue to operate. The slow­
flying choppers , which normally 
steer clear of the main runways , 
Rt awkwardly into traffic patterns 
geared to handle fast-movin g jets 
guided down low-angle glide paths 
by instrument landing systems. 

All that is about to change. In 
the U.S. the Federal Aviation Ad­
ministration has run tests of an 
instrument landing system that can 
handle a helicopter making a steep 
approach from any angle. And look­
ing forward to the advent of all­
weather heliports in Britain, the 

Eye opener. Sony's first tv set wi t h integrated circuits has 1-inch pict ure t ube. 
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Royal Aircraft Establishment at 
Farnborough is readying an experi­
mental system to guide helicopters 
onto landing pads. Officials expect 
to run operational tests b efore the 
vear is out. 
· Computer control. Conventional 
instrument landing systems estab­
lish a fixed glide path by means 
of highly directional transmission 
from antennas on the ground. By 
contrast, the experimental British 
system puts the kingpin transmitter 
in the aircraft and stores a choice 
of glide paths in a general-purpose 
digital computer on the ground. 
There, a microwave interferometer 
constantly monitors the elevation 
and azimuth angles of the ap­
proaching helicopter. Range data 
also is fed into the computer. 

·with these three inputs, the com­
puter can compare the achrnl glide 
path to the assigned one and cal­
culate corrections. These are trans­
mitted to the aircraft over a very­
high-frequency radio link. In the 
early trials , pilots will make the 
course corrections under guidance 
from instrument landing displays. 
Later, the correction signals will 
be fed directly into an autopilot. 

Charles Phillips and Charles 
\Veaving, who led the team that 
developed the system, say they 
opted for microwave interferom­
eter gu idance because of its pre­
cision. They expect the accuracy of 
azimuth and elevation angle meas­
urements to be much better than 
1 milliradian. 

Cross. Aircraft using the system 
will have 500-milliwatt transmitters 
operating at C band. The transmis­
sions will b e picked up on the 
ground by a Mills cross array with 
10-foot-long arms containing three 
pairs of antenna elements. The sig­
nals from each pair will be con­
verted to a frequency of 100 mega­
h ertz and then fed into opposite 
-ends of a transmission line. 

Amplitude of the standing wave 
along the line is sampled sequen­
tially at four points, and a sine 
wave extracted from this sampling 
is compared to a reference to gen­
erate a gating waveform for a pulse 
generator. For high accuracy, the 
technique is used simultaneously 
with six antenna-pair combinations. 

The range measurement, less 
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critical than the azimuth and eleva­
tion, isn't picked off the microwave 
interferometer. Instead, a 7.5-kilo­
hertz modulation tone is put on the 
upgoing vhf data link and is re­
layed back by the aircraft's C-band 
transmitter. Range is determined 
by phase comparison. 

West Germany 

Off the cuff 
Medical researchers long have con­
sidered classical methods of meas­
uring blood pressure as marginal. 
Readings taken by an air cuff-the 
manometer device used by doctors 
everywhere-are indirect and in ­
fluenced to some extent by the size 
of the patient's arm. True blood 
pressure readings-obtained by a 
catheter threaded through an art­
ery to a point near the heart-so 
far have been limited to laboratory 
conditions with the patient wired 
up to nearby recording instruments. 

A system that gives true blood 
pressure readings as patients pur­
sue their everyday activities will be 
put on the market in three months 
or so by a small Bavarian instru­
ment manufacturer, Firma Ing. 
Karl Frank. The system, based on 
concepts developed over the past 
two years by Dr. Kurt Bachmann 
of the medical clinic at Erlangen 
University, couples a catheter to 
a pressure transducer that modu­
lates a small telemetry transmitter 
strapped to the patient's back. The 
signals can be picked up by a re­
ceiver up to 700 yards away. 

T rials. The prototype of the unit 
has b een tes ted on about 160 pa­
tients under real-life conditions­
working, walking, climbing stairs , 
driving cars . For the tes ts , a doc­
tor usually goes along with a 
walkie- talkie and tells another doc­
tor at the cardiovascular clinic 
what the patient's doing. So far 
the equipment has been used to 
help determine how different 
stresses affect people who have 
had heart attacks. Another impor­
tant use is checking the effect medi­
cines have on patients. 
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Double-modulation. In the sys­
tem, blood pressure in an artery 
near the heart is applied to the 
transducer through a tube, about 
2 millimeters in diameter, filled 
with an anticoagulant solution. The 
transducer signal amplitude varies 
between 50 and 5,000 microvolts 
depending on the patient's blood 
pressure. The output signal is am­
plified about 500 times and then 
modulates a 1.3-kilohertz sub-car­
rier that in turn modulates the 151-
megahertz carrier frequency of the 
transmitter. Transmitter power is 
only 50 milliwatts , but because of 
the double frequency modulation 
the system operates even where 
there's strong radio or electrical 
interference. 

Prototype of the transmitter 
weighed four pounds. But Joachim 
Thebis , the Frank engineer who 
developed the system, says pro­
duction versions with integrated 
circuits will be half as heavy. 

France 

Toulouse timetable 
The aircraft industry's rumor mill 
continues to grind out speculation 
that the Anglo-French Concorde 
supersonic transport is falling be­
hind schedule. But as it began in­
stallation of the electronics sys tem 
this month, Sub-Aviation stoutly 
maintained the first prototype 
would make its maiden flight from 
Toulouse, as planned, next F ebru­
ary 28, "give or take a week or 
two." And Sud's British partner, 
the British Aircraft Corp., says it's 
ahead of schedule with the second 
prototype, slated to fl y six months 
after Sud's. 

·when the Sud prototype starts its 
tes t flights-almost three years be­
fore the heavier, faster U.S. super­
sonic transport prototype is slated 
to take to the air-the electronics 
gear U.S. avionics makers will 
watch most closely is the in ertial 
navigation system. Although the 
contract for the Concorde proto­
types went to a pair of French and 
British companies, U.S. firms figure 
they'll stand a better chance when 

On the map. Computer·controlled 
display in Concorde navigation 
system shows aircraft's position 
on a chart. 

Sud and BAC start buying naviga­
tion equipment for production ver­
sions of the transport. For one 
thing, the follow-on systems will be 
more complex. For another, the 
plane's producers will be more cost­
conscious when it comes to pro­
duction aircraft. 

Adapted. The inertial guidance 
system for the Concorde proto­
types was essentially adapted from 
military equipment developed by 
its suppliers, Britain 's Ferranti Ltd. 
and France's Societe d' Applications 
Generales d'Elec tricite et de Meca­
nique (Sagem). 

The pair say their inertial system 
will err in its position fixes no more 
than 20 nautical miles after a flight 
of 3,600 nautical miles at a cruising 
speed of 1,400 miles an hour. Along 
with the inputs from the inertial 
platform, the navigational com­
puter is set up to handle data from 
conventional navigation aids such 
as loran and very-high-frequ ency 
omnidirectional range systems. 

\Vith the exception of a new 
automatic chart display, the entire 
sys tem is duplicated. The display, 
a Ferranti development, shows the 
aircraft's position against a back­
ground of charts controlled by the 
navigation computer and projected 
onto an 8-inch screen. The 30-foot­
long film can represent an area 
8,000 miles by 2,000 miles on a 
scale of 1:2,000,000. There is also 
room on the film for 1:500,000-
scale displays of airport approach 
areas and for landing check lists 
that th e pilot can call up from the 
computer. 
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Canada 

Satellite country 

If Canadian communications com­
panies have their way, the country 
will have a claim staked on "sky 
territory" by 1970. 

They say a domestic satellite 
network is essential for Canada's 
development and want to get their 
satellites up while space is still 
available. The sector along the 
equator from which a satellite can 
cover the country is limited and 
must be shared with the U.S. 

All the major common carriers 
-both private and government­
owned-joined last month to peti­
tion the government for an immedi­
ate start on an $80 million program 
to put a pair of stationary satellites 
in orbit during the next 30 months. 
The government hasn't announced 
a decision , but the b etting in Ot­
tawa is that a go-ahead will come 
fairly soon. 

Persuasive. The scheme proposed 
by the common carriers' consortium 
is attractively drawn. The first step 
in the three-part plan would ex­
tend television coverage to the 
Northwest Territories, an area 
where the government is pushing 
development. This coverage would 
come from a network of ground 
stations working with a leased 
channel in an existing satellite. The 
next step would be a nationwide 
system of 54 ground stations tied 
into the proposed pair of 12-chan­
nel Canadian-owned satellites, and 
the final part of the plan calls for 
a research program. 

The consortium's most persua­
sive argument, though , is its plan 
for financin g the satellite; the com­
mon carriers say they're willing to 
pick up the full $80 million tab , 
if that's what the government 
wants. Almost half of this would 
go for ground stations, pointing to 
a windfall for Canadian communi­
cations equipment makers if the 
plan goes through . Some $17 mil­
lion earmarked for the satellites 
themselves also would fatten the 
order books of Canadian electronics 
companies . The remaining $25.5 
mi!]ion would go for laun ching 
services supplied by the U.S. 
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UHF APPLICATIONS 
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TEMPERATURE COMPENSATING 
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Greater than 7500 
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TEMPERATURE 
COEFFICIENT: As noted 
on Capacitance chart 
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assured solderability 

These new "Solder-In" capaci· 
tors are designed for use in UHF 
applications requiring the abso· 
lute minimum in lead induct· 
a nee effects . 

If your applications require 
special physical or electrical 
characteristics , contact RMC 's 
engineering department. 

Write today on your company 
letterhead for your copy of the 
RMC Catalog. 
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166 

88 

87 

94 

Honeywell, PMD Div. 39 
Batten, Barton, Durstine & Osborn, Inc. 

Honeywell, Test Instruments Div. 
Campbell Mithun, Inc. 

82, 83 

Hooker Chemical Corp., Durez Div. 97 
Rumrill -Hoyt, Inc. 

• l chizuka Optical Co., Ltd, 
Matsushita , Inc. 

89 

Ideal Precision M eter Co., Inc. 
Zam & K irshner, Inc. 

Ind iana General Corp.,Ferrites Div. 
Griswold & Esh leman 

I R C Inco rpo rated 
Gray & Rogers, Inc. 

• ITT Jennings M fg . Co. 
West, Weir & Bartel , Inc . 

ITT Semiconductors D iv. 
Neats & H ickok, Inc. 

Kokusai Electr ic Co., Ltd. 
As ia Advertising Agcy., Inc. 

• Lam bda Electroni cs Corp. 
Mi chel Cather, Inc. 

• Leac h Corporat ion 
Jay Chiat & Assoc. 

Ledex, Inc. 
Yeck & Yeck, Inc. 

• M achlett Laboratori es, 

188 

24 

22, 73 

183 

2 14 

88 

7 5 

173 

174 

Di v. of Ray t heon Co. 11 
Fuller, Sm ith & Ross, Inc. 

• M allory & Co., P.R., Mfg . Div. 8, 169 
A itkin -Kyn ett Co. 

M aryland Telecommunications, Inc. 72 
Ray E. Finn Adv . 

• Mat suo Electric Co., Ltd. 90 
Fuji Agency 

M CG Elect r onics 189 

M eguro Electron ic Instrument 86 
Genera l Adv . Agcy. 

M eson Electronics Co., Inc. 190 
Wolff Associ ates, Inc. 

• Metr oni x Corp. 90 
Genera I Adv . Ag cy . 

M icrodot, Inc. 15 
Gumpertz, Bentley & Dola n Adv. 

• M itsumi Electr ic Co., Ltd. 88 
Sanko Tsush insha , Ltd . 

Motorola Semiconductor Products, Inc. 9 , 43 
Lane & B ird Adv., Inc. 

• Murata M fg. Co., Ltd . 94 
Daiko Adv., Inc. 

N ational Semiconductor Corp. 
Jay Chiat & Assoc. 

18. 19 

NG K Spark Plug Co., Ltd. 92 
Dentsu Adv ., Ltd . 

Nihon Kohden Kogyo Co., Ltd. 89 
Overseas Catalog Specialists, Inc. 

Nippon Coil Co., Ltd. 94 
Dai -lchi lntP.rnational , Inc. 

• N J E Corporation 197 
Keyes, M artin & Co. 

North At lant ic Indust r ies, Inc. 172 
Murray Heyert Assoc. 

Okaya Musen Co., Ltd. 89 
Diamond Agcy . Co., Ltd. 

Pamotor, Inc. 186 
Harry P. Brid ge Co. 

• Philbrick Researches, Inc. 175 
Cu lver Adv., Inc. 

Philco / Ford Co., M ic roelectronics Div. 65 
Hoefer, D ieter ich & Brown, Inc. 
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Polaroid Corp. 57 
Doyle Dane Bern bach , Inc. 

Princeton Applied Research Corp. 44 
M ort Barish Assoc ., Inc. 

Radiation, Inc. 62, 63 
Basford , Inc. 

Radio Corporation of 
America 4th Cover, 140, 141 
Al Paul Lefton Co. 

• Radio Materials Co., 
Div. of P.R. Mallory & Co. 
Gallay Ad v ., Inc . 

RCL Electronics, Inc. 
Morvay Adv. Agcy. 

Redford Corp. 
Communications Associates 

• Reeves Hoffman, Div. of 
Dynamics Corp. of America 
Adams Assoc ., Inc . 

Rohde & Schwarz Co. 
Walker & Gessell, Inc. 

Sage Electronics Corp. 
Mathi son Adv., Inc . 

• San-Ei Instrument Co., ltd. 
Standard Adv ., Inc. 

San-Esu Electronics Co., Ltd. 
General Adv. Agcy. 

Sanken Electric Co., Ltd. 
Seikosha Adv ., Inc. 

Sel-Rex Corporation 
Gaynor & Ducas, Inc. 

Semtech Corporation 
Burress Ad vertisi ng 

Shinei Industrial Co., Ltd. 
General Ad . Ag cy ., Inc . 

Signetics Corp., Sub. of Corning 
Glass Works 
Cu nningha m & Walsh, Inc. 

Soshin Electric Co. 
Shinwa Ad v . Co. , ltd . 

Sperry Rand Corp., Microwave 
Components 
Neals & Hic kok , Inc. 

Sprague Electr ic Co., The 
Harry P. Bridge Co. 

• Stackpole Carbon Co., 
Electronic Components Div. 
Meek & Thomas, Inc. 

Super Tool Co. 
Varon Advertising 

Sylvania Electric Products, Inc., Gen. 
Telephone & Electronics Div. 27 
Tatham-La ird & Kudner, Inc. 

Systron-Donner Corp. 
Bonfie ld Assoc., Inc . 
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199 

188 

147 

199 

86 

86 

90 

40 

154 

95 

64 

93 

58 

5, JO 

206 

193 

to 34 

7 

Taiyo Denki Co., Ltd. 92 
Sanko Sha Adv. Co., ltd. 

Takami sa wa Electric Co., Ltd. 92 
Overseas Cat a log Spec ia li sts, Inc. 

Tateisi Electronics Co., Ltd. 96 
Dai-lchi Inte rn ational, Inc. 

• Teikoku Tsushin Kogyo Co., Ltd. 9 3 
Diamond Agcy . Co., ltd . 

• Tektron ix, Inc. 51 
Hugh Dwight Adv ., Inc . 

Tel -Com Instruments, Inc. 
Gross Adverti s ing Se rv . 

relonic Engineering Co. 
Jansen Assoc ., Inc. 

Telonic Instruments 
Ja nse n Assoc ia tes, Inc. 

Teltronics, Inc. 
Tec h / Reps, Inc. 

Tempress Resea rch Co., Inc. 
H al Lawrence, Inc. 
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138, 139 

153 

144 

146 

41 

Texas Instruments Incorporated 84 
Horton, Church & Cott Incorporated 

Texas Instruments Incorporated 
Semiconductor /Components 
Division 160, 161, 205 
Don L. Baxter Incorporated 

Tohoku Metal Industries Ltd. 91 
H aku hodo, Inc. 

Tokyo Cosmos Electric Co. , Ltd. 89 
General Adv. Agcy ., Inc . 

Tokyo Denki Co., Ltd . 95 
Asia Adv . Agcy ., Inc . 

Tokyo Print Industrial Co., Ltd. 9 2 
General Adv. Agcy ., Inc. 

Totoku Electric Co., Ltd. 9 3 
Diamond Agcy. Co., ltd. 

Transformer Electronics Co. J52 
Dacey, Wolff & Weir 

TRG, Inc., Div. of Control Data Corp. 4 2 
Culver Adv .. Inc . 

Trio Laboratories, Inc. 124 
Zam & Kirshner, Inc. 

TRW Semiconductors 49 
Full er, Smith & Ross, Inc. 

Trygon Electronics, Inc. 187, 189, J91 
So low / Wexton Co., Inc. 

Trymetrics Corp. J80 
Solow / Wexton Co., Inc. 

•Tung Sol Div., Wagner Electric Corp. 76 
E.M. Freystadt Assoc. 

Ulano & Co., J . 165 
Byrde, Ri cha rd & Pound, Inc . 

Union Carbide Corp., Electron ics Div. 35 
J.M . Mathes, Inc. 

Unitech Corp. 193 
Newman·Marwel, Inc. 

• United Transformer Co. 2nd Cover 
Philip Stogel Co. 

• Unitrode Corp. 55 
Si I ton Brothers, Inc. 

Westinghouse, Semiconductor Div. 100 
McCann / ITSM 

•White Instrument Laboratories 190 
Wil son & Associates 

Classified Advertising 
F.J . Eberle, Business Mgr. 

PROFESSIONAL SERVICES 

EMPLOYMENT OPPORTUNITIES 

EQUIPMENT 
(Used or Surplus N ew) 
For Sale 

ADVERTISERS INDEX 
Atomic Personnel , Inc. 
The Bendix Corp., Flight & Eng ine 

Instr. Div. 
Electronic Communications, Inc. 
Instruments & Machines, Inc. 
Radio Research Instrument Co. 

20 1 

200-20 1 

20 1 

200 

20J 
20J 
20 J 
201 

• For more information on complete product 
line see advertisement in the latest Elec­
tronics Buyers' Guide 

Advertising sales staff 

Frank E. LeBeau [212] 971-6464 
Advertising sa les manager 
Wallis Clarke [21 2) 971-2187 
Assistant to sales m anager ,. 
Donald J. Austermann [212) 971 -3139 
Promotion M anager 
Atlanta, Ga. 30309: Michael H . M il ler, 1375 
Peachtree St. , N .E. 
[404] T R 5-0523 
Boston, Mass. 02116: William S. Hodgkinson 
M cGraw-H ill Building, Copley Squa re 
[6 17] co 2-1160 
Chicago, Ill. 60611 : Robert M. Denmead, 
J . Bradley M acK imm, Ralph Hann ing, 
645 North Michigan Avenue, . 
[3 12] MO 4 ·5800 
Cleveland, Ohio 44113: Will i am J . Boyle, 55 
Public Square, [2 16] SU 1-7000 
Dallas, Texas 75201 : Richard P. Poole, 1800 
Repub l ic N ational Bank Tower. 
[2 14] RI 7-9721 
Denver, Colo . 80202: Joseph C. Page, David 
M. Watson . Tower Bldg ., 1700 Broadway, 
[303) 255 -5484 
Detroit, Michigan 48226: Ralph Hann ing 
8 56 Penobscot Building 
[3 J3] 962-1793 
Houston, Texas 77002: Kenneth Geo rge, 
22 70 H umbl e Bldg .. [71 3) CA 4-8381 
Los Angeles, Calif. 90017: Ian C. Hill, 
John G. Zisch , 11 25 W. 6th St ., 
[2 J3] HU 2·5450 
Minneapolis, Minn. 55402: J . Bradl ey 
MacKimm, 1104 Northstar Center 
[612) 332-7425 
New York, N .Y. 10036 
500 Fifth Avenue 
Dona ld R. Furth [2J2] 971 ·36J5 
James R. Pierce [2J2] 971 -3616 
St anley J . Kai l, Jr. [2J 2) 971 ·3617 
Philadelphia, Pa. 19103: 
Warren H . Gardner. J effrey M . Preston, 
6 Penn Center Pl aza, 
[2 15] LO 8-6161 
Pittsburgh, Pa. 15222: W arren H . Gardner, 
4 Gateway Center, [41 2] 391 -1314 
Portland, Ore. 97204: James T . Hauptl i , 
2 J8 Mohawk Building, 222 S.W. Morrison 
Street, Phone [503] 223-5118 
Rochester, N .Y. 14534: W il l iam J . Boyle, 
9 Greylock Ridge, Pittsford , N .Y. 
[7 J 6] 586-5040 
St. Louis, Mo. 63105: Robert M . Denmead 
The Clayton Tower. 775J Carondelet Ave. 
[3 J4] PA 5-7285 
San Francisco, Calif. 94111 : 
James T. H auptli , 255 California Street, 
[4J 5] DO 2·4600 
London Wl : John W. Patten, Edwin S. 
Murphy Jr .. 34 Dove r Street, 
Hyde Park J45J 
Milan: Rob ert M . Saidel 
J v ia Ba racchini Phon e: 86-90-656 
Frankfurt; M ai n: Gerd H inske , Dieter 
Rothenbach , Elsa·Brandstroem Str. 2 
Phone: 72 OJ 8J 
Geneva: Michael R. Zeynel, 
I , ru e du Templ e Phone: 31 95 60 
Paris VIII: Kenn eth Davey , 
J 7 Avenue Matignon Phone: 3 59 6637 
Tokyo: No buy uki Sato, 1. Kotohiracho 
Sh iba, M inato- Ku [502] 0656 
Osa ka: Ryoji Kobayashi 163, Um egae-ch o 
Kita -ku [362] 8771 

Business department 
Wallace C. Carmichael, Manage r 
[2 12] 971 -3 191 
Stephen R. Weiss, Production Manage r 
[2 12] 9 71 -2044 
Thomas M . Egan, 
Ass istant Production Manager [2 12] 971 -3140 
Dorothy Carmesin, Contracts and Billings 
(2 12) 971 ·2908 

Circulation and research 
Milton Drake, Ma nager [212] 971 -3 485 
lsaaca Siegel, Assi st ant Circula tion Manager 
[2 12] 971 -60 57 
David Strassler, Assistant Research Manager 
[2 12] 971-6058 
Chloe D. Glover, Research Associate 
[21 2] 971-6057 . 

Electronics buyers' guide 
George F. Werner, General Manager 
r2 121 9 71 .23 Jo 
Ray Smyth, Eastern Regional Manager 
[212) 971 -6538 
Regina Hera, Directo ry Ma nager 
[2 12) 9 71 -2544 
Thomas M. Egan, Production M anager 
(21 2] 971-3140 
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Every 
ITT 2N3375 

gives you 66% 
more PoE than 
EIA specs 

demand 
2BV CLASS B PO W ER OUTPUT VS FREQUENCY 
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When you apply ITI 2N3375s , you get 5 watts minimum 
saturated power output at 400 MHz and Vcc=28 V, 
tested 100% . 

The secret lies in ITT's unusually close control of resis­
tivity, combined with interdigitated construction . 

To find out more about the superior performance of the 
ITT 2N3375, write today for your free copy of " VHF/ UHF 
Power Trans istor Amplifier Design" and complete 2N3375 
specs . Or see for yourself - order sample quantities off­
the-shelf from your ITT distributor or facto ry representat ive. 
ITT Semiconductors is a division of International Telephone 
and Telegraph Corporation, 3301 Electronics Way, West 
Palm Beach, Florida. 
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