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FREQUENCY-KILOCYCLES 

560 ,...., Telemetering low pass 
filter. Available from 400 ,...., 
to 70 KC. ± 7.5% band­
width flat to 1 db. Attenua­
tion greater than 35 db be­
yond the 2nd harmonic of -
7.5% frequency. Impedance 
47K ohms. MIL·F-183276. Wt. o.a oz. 
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Band pass 400 cycle Gaussian 
filter. Linear phase response 
In pass band. Attenuation 
380 cps to 420 cps within 0.5 
db. 2nd harmonic down 25 
db, 3rd harmonic down 45 
db. Source and load SK ohms •. 
MIL·F-183276 Wt., 0.9 lbs. 

Write for catalog of over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 
from your local distrillutor. 
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35 1 2 3 4 5 6 
FREQUENCY· CPS 

Low frequency band pass Iii· 
ter. Designed for 2.5 cps 
center frequency. At 2 to 3 
cps within 3 db. At 1.5 cps 
and lower, and 4 cps and 
higher, greater than 30 db. 
Source and Load lOK ohms. 
Size: 4 x 4·11 / 16 x 6". MA 
MIL case, MIL-F-183276. 
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Minimum phase shift 400 
cycle band pass filter. Within 
± 1.5 db 370 to 430 cycles, 
greater than 45 db beyono 
1100 cycles. IK ohms to IOOK 
ohms. MIL-F-183276; I lb. 
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High frequency low pass fil· 
ter. Zero to 700 KC with in 
1 db. 1.95 me to 10 me 40 
db minimum. Source and 
Load 1000 ohms. Molded flat 
construction for printed cir· 
cuit applications. Size: 1 x 2 x 
'12"; Wt: 1 oz. MIL·F-183276. 
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Band reject filters (two 
show~) . The 1050 __.... filter 
has 50 db attenuation and is 
only 3 db at 950 and 1150 
cycles. The 12.75 KC filter 
has more than 100 db at­
tenuation and is only 3 db 
at 10.8 and 15 KC . Source 
and load 600 ohms, both are 
MIL·F-183276. 

CUSTOM BUILT 

FllTERS 
TO YOUR 

SPECIFICATIONS 
ILLUSTRATED ARE 

TYPICAL SPECIAL FILTERS 

RANGE OF FREQUENCIES ON SPECIAL UNITS 
IS FROM 0.1 CYCLE TO 400 MC. 

Over thirty years of experience in the design and 
production of special filters have resulted in UTC 
being a first source for difficult units. Present 
designs both military and commercial incorporate 
a wide variety of core structures, winding methods, 
and capacitors to provide maximum performance, 
stability, and reliability. Fully experienced, top en­
gineering talent backed by complete environmental 
testing and life testing facilities assure the highest 
standard in the industry. Full analysis and evalua­
tion of materials are conducted in UTC's Material 
and Chemical Laboratories. Rigid quality control 
measures coordinated with exhaustive statistical 
findings and latest production procedures results 
in the industry's highest degree of reliability. 

MILITARY AND COMMERCIAL TYPES FOR 
EVERY PHASE OF THE ELECTRONICS ART 

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 

UNITEd TRANSFORMER CO. 
DIVISION OF TRW INC. • 150 VARICK STREET, NEW YORK, N. Y. 10013 

Circle No. 1 on Reader-Service Card for more information. 
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The Electronic Engineer 's Design Magazine 

COVER shows " Microeye", Teledyne's complete 
te levision station-camera , power supply and 
rransmitter-completely self-contained in a 
package only sl ightly larger than a pack of 
c igarettes. The small size of the system, which 
conforms to established conventional televi­
sion practices, is made possible through the 
use of integrated circuits and ultraminiature 
discrete-component assemblies. 
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NEW 197A Camera Gives 
More On-Target Shots, 

Fewer Near-Misses 

hp's new 197A saves time and film because it elimin­
ates many of the cut-and-try procedures required by 
conventional oscilloscope cameras. Color-coded con­
trols, for example, are all on a single, conveniently 
located panel-no fumbling, no reaching inside the 
camera . 

Exposure times from l/30to 4 sec are more accurate, 
more consistent and more reliable because the shut­
ter is electronic. Electronic control also lets you trig­
ger the camera from an external source more reliably . 

You get better pictures. An adjustable ultra-violet 
light source illuminates the interna l graticule-pro­
vides unmistakable contrast between graticule lines 
and the trace itself. This gives you high measurement 
accuracy, even when trace and graticule lines are 
coincident. 

The 197A back can be rotated to a vertical position to 
facilitate two small traces on the same print. It can 
also be moved through l ldetented positions for multi­
ple exposures. The reduction ratio is variable from 
1 :1to1 :0.7 for optimum display of CRT on any si7e 
film. The standard Polaroid® Land Pack Film back 
may be replaced with a 4 x 5 Graflok® if desired. 
The camera mounts directly on all hp scopes, swings 
away for normal CRT viewing. Bezel adaptors avail­
able($15 )for mountingtoother scopes. Weight, 10 lbs. 

$540. 
116A I 

Circle No. 2 on Reader Service Card for more information. 

Put this new design window in your lab 

sEE wAvEFonMs ro 12.4 GHz & eEvoNo 
For the first time, you can directly see 12.4 GHz phe­
nomena, 28 psec rise time pulses, delayed sweep dis­
plays, and 40 psec TDR . And, for an encore, this new 
sampling scope system gives you less than 20 psec jit­
ter for sharp displays, automatic triggering for fast easy 
trace set-up, and remote samplers which monitor fed­
through signals with minimum loading. Time difference 
between channels is less than 5 psec for accurate phase 
measurements. You can build your system around the 
field-proven 140A mainframe (or the stop-action 141A 
with variable persistence and storage) using these all 
solid-state plug-i ns: 

NEW DUAL-CHANNEL 1411A VERTICAL AMPLIFIER 
functions with any of three dual-channel remote sam­
plers, with sensitivities to 1 mv/cm: (l) Model 1430A 
with 28 psec rise time for optimum pulse response; (2) 
Model 1431A, DC to 12.4 GHz with an extremely flat 
bandwidth and low VSWR (l.4:1to8 GHz, 2:1at12 .4 
GHz); and (3) Model 1432A with 4 GHz bandwidth, 90 
psec rise time. Additional versatility is provided by front 
panel recorder outputs, and A vs. B mode for accurate 
phase measurements. Price of the 141 lA Vertical Am ­
plifier: $700. Samplers: $3000 for 1430A and 1431A; 
$1000 for 1432A. 

NEW 1425A TIME BASE & DELAY GENERATOR, first 
with delayed sweep sampling, gives sharp, jitter-free 
magnification of complex signals or long pulse trains. 
It provides maximum sweep speeds of 10 psec/cm , trig­
gering to 1 GHz and delay times as long as 5 ms. Straight­
forward control nomenclature and layout make it easy 
to use. So does automatic triggering, push-button re­
turn to Xl magnification and an intensified dot which 

locates the expansion point for you when setting up a 
magnified trace. $1600. 

Also available: Model 1410A Vertical Amplifier with 1 
mv/cm at 1 GHz ($1600), 1104A/1106A Countdown for 
triggering to 18 GHz ($750), .and 1105A/1106A 20 psec 
Pulse Generator ($750). Mainframe prices: 140A, $595; 
141A, $1395. With the versatile hp 140 Scope System, 
you get better performance in any direction: 20 MHz wide­
band • TDR • high-sensitivity with no drift • variable 
persistence and storage - and sampling. 

Get complete specs on the new hp sampling oscillo ­
scopes. Write or call Hewlett-Packard, Palo Alto, Cali­
fornia, 94304. Phone (415) 326-7000. In Europe: 54 
Route des Acacias, Geneva . 0871 11 • 

For immediate sales contact, circle No. 7' 



Cinch 
Creative 
Problem 
Solving 

MEMBER 

THE CINCH 
ELECTRONICS 

design an 
18 station 
progressive 

die 

This unusual , highly complex contact design provides 
the necessary balance between contact pressure and 
insertion force required by a unique PC edge connector 
application . Its complexity made economical production 
doubtful . . then Cinch tool design engineers tackled 
the problem. 

RESULT : An 18 station. high speed progressive die 
that holds contact tolerance to ± 0.003" through eleven 
bends in four directions. Individ ual sections of the die 
can be adjusted or replaced without rem oving the die 
from the press - thu s assuring maintenance of tolerances 
as the die wears. 

The die produces over 4 ,500 con tacts per hour from 
special controlled grain structure metal stock . 

Here is another demonstration of the extra dimension 
in Cinch's eng ineering and developmental skills. Beyond 
the ability to design fine products, we offer in-depth 
production engineering capabilities, including tool , die, 
mold and equipment design and fabrication . 

I CINCH I ------DIVISION OF UNITED-CARR 1..,-1 ,. 
CONSISTING Of CINCH MANUFACTURING COMPANY. CINCH ·GRAPHIK . CIN CH· MON ADNOCK CINr. H.Nll l INF 11r.1N1TF !fl Fr.TRnN1 r.s1 ANn Pl AXIAi r.ARI F nFPT 

Our skills and services are available 
to you. For Cinch creative problem 
solving assistance contact Cinch 
Manufacturing Company , 
1026 South Homan Avenue , 
Chicago , Illinois 60624 . 

Circle No. 3 on Reader Service 

Card for more information. 

For immediate sales contact, circle No. 785. 
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The Engineering Grad 
More schools in the future will be 
on the quarter system and the co-op 
program. From what once was the 
nearly universal standard curricu­
lum, two stalwart offsprings have 
developed. We choose to christen 
them the Industry-Oriented Program 
and the F lexible Program. See p. 90. 
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Multiphase Clocking 
This article by ARINC Research re­
lates the advantages obtained when 
multiphase clock ing is used in con­
junction with MOS (metal-oxide­
semiconductor) devices. These ad­
vantages result in reduced chip size, 
lower power dissipation and increased 
operating speed. See p. 36. 





Then Corning changed the rules. 
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® C-style Resistors handle 
precision, semi-precision and general 
purpose applications. What could be easier? 
They offer precision stability and 
reliability at far less than precision prices. 

100 ppm TC. 1, 2 and So/o tolerances. Performance require­
ments of both MIL-R-22684B and MIL-R-10509F, Char. D. 

New C-Style Resistors come with 1/10, 1/8, 1/4, 
1/2 watt ratings, in the 10 ohm to 499K range. 
Samples and complete data for the asking. 
Meanwhile, we're looking for more 
changes that will improve resistors. 
That's how we've earned our qualifications 
for exceptional stability and for reliability. 
That's how our line of glass tin oxide film 
resistors has grown to be one of the most extensive. 
Including precision, high reliability, low power, 
high power and water cooled types. 
Corning Glass Works, 3901 Electronics Drive, 
Raleigh, North Carolina. 

CORNING 
ELECTRONICS 

Circle No. 4 on Reader Service Card for more information. For immediate sales contact, circle No. 786. 



Each card uniquely 
keyed for proper instal­
lation. 

Load resistors separate 
from !C's for heat isola- -~~ 
tion. 

Discrete diode-resistor 

First come 
first served. 
You can have all the SDS T Series integrated circuit modules you want now. 
We're in full production. 

All T Series active elements are integrated circuits and guarantee reliable 
operation at clock rates to 10 me. Each circuit output drives 14 unit loads, 
even after generous allowances for wiring capacitance. 

Outputs switch 60 ma (4 times more than standard IC's). Noise rejection is 
at least 1.5 volts at the 0 and 4-volt logic levels. 

SDS Natural Logic gives you AND and OR as well as NAND and NOR-

inputs for gating flexibil- -~...---,---.::--.;;;""""-,;----
ity, high noise rejection. 

Four pins reserved for 
ground lines. ----~;..--

Four integrated-circuit -i~f-----c: 
buffer amplifiers in each 
hermetically sealed 
T0-5 can. 

52 ribbon connectors (26 
each side) for easy access 
to all circuits. 

All components clearly 
identified. 

Individual power line 
filters. 

Actual size 4114 x 4% . 

all at the same 
low integrated-circuit price. 

We designed these modules for our new Sigma computers, 
but we also intend to become the largest manufacturer of 
logic modules for system designers. 

We don't want to give away any of our Sigma secrets. 
But we'll sell them pretty cheap. 

Scientific Data Systems, 
Santa Monica, Callfomia 
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TH E E D I T 0 R ' S -c 0 L U M N 

Noted in Passing? 

" It should be noted in passing that there was a professional degree awarded 
to practicing engineers having 5 or so years of experience and submitt ing a 
thesis based on their work." Thus, the Goals Committee of the American 
Society for Engineering Education dismisses an important opportunity to en­
courage continuing education, to relieve the congestion in our graduate 
schools and to improve the largely nonexistent dialogue between professor 
and practitioner. 

Formerly, the degree of Professional Engineer, ranking between the M.S. 
and the Ph.D., was awarded. Past professional educators conceded that edu­
cation could continue past the confines of the ivory tower and that signif i­
cant contributors to the well-being of mankind might come from the in­
dustrial laboratory as well as from the university. 

This is no longer true. Formal recognition of professional competence in 
engineering now can be obtained only in the classroom and all too often is 
reserved for those with no industrial experience whatsoever. 

We do not agree with the Goals Committee that this concept should be 
noted "in passing". We feel that it merits careful and serious study and 
consideration. We would like to see our professional societies join together 
in an effort, not to see why it won 't work, but to make it work. There is no 
reason whatsoever to believe that baptism by the professorial palm is req­
uisite to recognition of significant professional accomplishment. 

Just for openers , we throw in these recommendations for your con­
sideration. 
• That colleges establish machinery whereby home-study courses in spe­
cific technical areas could be followed by degreed working engineers. These 
courses would be tailored to fit the individual 's occupational bent. 
• That the engineer be required to meet regularly with a qualified faculty 
advisor for consultation. 
• That, after completion of the home-study course to the satisfaction of 
the advisor, the candidate for degree of Professional Engineer (or whatever 
name you wish) be required to submit a significant thesis in his specific 
technological field. 
• And finally, that this thesis and the candidate be examined for profes­
sional competence by a review board comprised of professors and qualified 
members of the professional society most concerned. 

By these means, much of merit can be accomplished. Such a "retreat" 
into past practice will not be welcomed by the educators, but we feel that, 
unless they follow some such course, the gap that now exists between in­
dustry and the colleges will continue to widen. This is a way of reversing the 
trend. Let us, and your professional society, know your thoughts on the 
subject. 

Western Editor 

places 
and solders 
flat packs ;g1 

• 1n one 
operation 

The Hughes integrated circuit place and solder machine , Model 
HPS-100, combines in a sing le semi-automatic machine both placing 
and solder ing of integrated circuit flat packs to prin ted circuit boards. 
It is high speed and high prec is ion all in one. Printed circuit boards 
are accurately positioned ; fl at packs are automatically picked up, placed 
on the p.c. board an d attached by reflow soldering. All leads of the 
flat pack are soldered at once . There are no holes to drill and final 
package ac hieves maximum density. 
With the HPS-100 system an operator can be trained quickly to attach 
up to 8 packages per minute or 400 per hour. 

Soldering is fully machine-controlled and affords dynamic regulation 
of heating current and selection of pulse-duration . The system is sup­
plied complete with swingaway microscope and can be in stalled quickly 
on any production bench or on an optiona l free-standing table avai lable 
from Hughes . 
If you would like to kn ow more about the Hughes HPS-100, call or write 
HUGHES WELDERS , 2020 Oceanside Blvd., Oceanside, Calif. 92054. 
For export information, write Hughes i- -- -- ------------- i 
Internation al, Cul ver City, California. : HUGHES : 

I I L ______ _ ______ _ ____ J 

HUGHES AIRCRAFT CO MPA NY 

VA C UUM TUBE PRODUCTS DIV . 
O C EANSIDE . C ALIFORNIA 

Circle No. 6 on Reader Service Card for more information. 



News from the Field 
EON REPORTS 

THE LATEST FROM THE 

ELECTRONICS WORLD 

Couldn"t Attend the Trade Show? 

EDN's first mobile exhibit tour adds another dimension to 
the trade show concept-take the show to the engineer! 

ENGLEWOOD, COLO. - Well, the show is coming to 

you - a part of it is, at least. 

Beginning July 10, mod e rn 40-ft mobile exhibit 

vehicles will travel across the cou ntry. In eac h van 

several different co mpanies will exhibit the ir prod­

uc t lines and have representatives on hand to di s­

c uss e nginee ring applicat ions. The vans will visit 

more than 54 major c iti es with preplanned "shows" 
schedul ed in co mpany parking lots and s imilar 

location s during the 17-week tour. Engineers in 

eac h ci ty are invited to visit th e exhibit when it 

is in th eir local area. 

The caravan co ncept was developed by EON to 

provide a service to th e busy engineer. Rather th a n 

spending hours intervi e wing a number of vendors 

throughout the week, the engineer can co ntac t 

several in a few minutes . He will have the op-

portunity to get up-to-da te informat ion on the lates t 

produc ts, secure application infor mation a nd de-

Dominoes Teach 
Electronic Theory 
LEX INGTO , MASS. -A new aid to th e teaching of electronic 

theory, a n electronic domino, has been developed by Ma­

calas ter Scien tific Corp., a subs idi ary of Raytheon Co. The 

dominoes are enca ed in see-through plastic, fitted together 

with internal magnets, a nd represent various working parts 

of individual circ uit s. On top of each domino is printed its 

identifyi ng symbol. Domi noes are fitted together by stud ents 

accord ing to the teachers' diagrams, forming the circuitry 

for suc h things as AM radio receivers, direct ional signals, a 

voltage divider, a rectifier, an amplifier and others. More 

than 90 different experim ent s in electron ics are possible 

with one set of dominoes. 

Working elements of new electron ic dominoes (above) help 
form instant circuits and thus teach electronic theory as fast 
as a teacher can block out diagrams on the board (below). 

tailed specification s. 

In additi on, he can visit the exhibits accompanied 

by me mbe rs of hi s s taff or others who might not ac­

company him to a trad e show. An additional ad­

vantage is that the equipment display in the van is 

already set up and operating. The engineer may 

operate th e equipm ent at hi s own location rather 

than attempt to simulate a particular problem miles 

from the source. 

The product lines of the ex hibitors represent a 

broad cross-section of frequently used co mponents. 

Included are Babcoc k R elays, Bec kman Helipot, 

Erie Technological, Hughes Vacuum-Tube Produc ts 

.and Master Spec ialti es. AJso, there will be an In­
formation Handling Servi ces' VSMF (V isual 

Searc h Microfilm File) catalog sys tem that will 

reproduce data sheets for exhibitors' products . 

If you would like to be notified when the ex­

hibit is in your area, Circle No. L65. 

Dominoes form an AM radio in about 10 minutes. 
Built-in circuit diagram aids students' comprehen­
sion and makes checking circuit simple. 

EON Mav 1967 



Holograms 
Via the Computer 

Researchers at IBM's Scientific Center, James A. Jor­
dan, Jr., Peter Hirsch and Louis B. Lesem, left to right, 
are shown with the equ ipment they used to produce a 
2-D hologram of the Greek letter lambda. 

HOUSTON, TEX. -Researchers a t the IBM Scien­

tific Center here an nounced las t month at th e In­

ternational Sympos ium on Modern Optics that they 

have programmed a computer to calc ul ate the inter­

ference patterns that would be created if light 

waves actuall y had been reflected from an object. 

With this method, however, neither th e real object 

nor actual light waves are requ ired to produce 

the holograms. 

To da te the resea rchers have only obta ined two­

dimensional holograms. They expect that wi th 

further work they will be ab le to work out a program 

for a 3-D reconstruction. They feel that when they 
have the programming completed they could re­

construct not only op tical holograms but microwave, 

acoustic, radio-frequency and infrared holograms. 

In the experiment illustrated at the symposium, 

the IBM researchers described the physical form of 

the Greek letter lambda in te rm s of numbers re­

presenting the int ensity of points on the symbol. 

This series is fed into th e computer, which then 

calculates a digital hologram. 

A graphic plotter converts the digital hologram 

into a visible one on a sheet of translucent ma­

terial. The plotter records the data in 32 differen t 

shades of gray under computer co ntrol. The plotted 

hologram then is photographed in ordinary light 

with a conventional camera and standard film. To 

be viewed as a reconstruction, the hologram then 

must be illuminated by laser light. 

Sprague has what it tal<es 
to cope with any problem in 
electromagnetic interference 

or susceptibility control 
And we mean any problem ... arising at any point 1n the 

development of any equipment or system! 
Sprague's interference control facilities provide 
one of the most complete, fully integrated capa­
bilities you can call on . . . embracing every 
aspect of interference and susceptibility control. 

Design Assistance: Black boxes ... subsystems 
... complete systems. Using advanced inter­
ference prediction techniques, Sprague engi­
neers replace design by "hunch" with precise 
analysis of electrical schematics. Suppression 
and shielding can be designed into pre-proto­
type plans so accurately that little or no modi­
fication is required upon evaluation of the 
model. With today's more complex equipment 
and increasingly stringent EMI requirements, 
Sprague assistance in initial design can pay for 
itself in a dozen different ways by helping you 
be right the first time! 

Measurement, Evaluation: Sprague can help 
you measure interference and susceptibility char­
acteristics of your breadboard, prototype, or pro­
duction equipment to the applicable interference 
specification. You know where you stand before 
investing in further development. We can also 
research such areas as shielding effectiveness, 
screen room integrity, transient susceptibility of 
digital equipment, and cable cross coupling. 

Component Design: Sprague Filter Engineer­
ing Specialists can design, evaluate, and sample 
interference control devices to your particular 
requirements. These range from standard feed­
thru capacitors and radio interference filters to 
the more sophisticated packages, such as fre­
quency-controlling electric wave filters. 

Component Production: Each of four Filter 
Development Centers maintains a well stocked 
model shop for the rapid fabrication of special 

components in prototype quantities. Full scale 
production facilities are maintained in Visalia, 
Calif.;North Adams, Mass. ; and Vandalia, Ohio. 

Compliance Testing: Sprague can test your 
equipment or system and report on its com­
pliance to the applicable specification: 
MIL-I-6181, MIL-I-26600, MIL-I-16910, 
MIL-E-6051 or to such other specialized inter­
ference documents as GM07-59-2617 A , 
AFBSD Exhibit 62-87 (Minuteman WS133B), 
LSMC Specification ERS 11897 (Polaris A3) 
or MlL-STD-449 . If compliance is not indi­
cated, a Sprague engineer will make concise 
recommendations and will, if you desire, give 
you every assistance in achieving that com­
pliance. 

Regional Service: Wherever you may be, this 
integrated EMI capability is readily available to 
you from strategically located Filter Develop­
ment Centers in North Adams, Mass.; Annap­
olis Junction, Md.; Vandalia, Ohio; and Los 
Angeles, Calif. Each is fully equipped and staffed 
to evaluate, modify, or qualify your equipment. 

In-plant Service: Sprague can put competent 
Interference Control Specialists at your service 
in your plant for consultation on, or super­
vision of, special projects. 

Whether your work involves military or indus­
trial electronic equipment or systems, Sprague 
Filter Development Center personnel can help 
assure substantial savings in dollars and hours 
at many points during development. Get com­
plete information from the development center 
nearest you or by writing for a comprehensive 
brochure (FD-101) to Technical Literature 
Service, Sprague Electric Company, 491 Mar­
shall Street, North Adams, Mass. 01247 

FILTER DIVISION PRODUCTS AND SERVICES 

INTERFERENCE FILTERS AND CAPACITORS 

PRECISION TOROIDAL INDUCTORS 

FREQUENCY SPECTRUM SIGNATURES 

COMPONENT ENVIRONMENTAL TEST FACILITIES 
4SF · l38·63 R 2 

ELECTRIC WAVE FILTERS 

TELEMETRY FILTERS 

EMI TEST FACILITIES 

EMI SYSTEMS ENGINEERING 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spraaue' and ·@· are reaistered trademarks of the Spraaue Electric Co. 

Circle No. 7 on Reader Service Card for more information. 



Did You Know 
Sprague Makes 32 Types of 
Foil Tantalum Capacitors? 

125 C TUBULAR 
TANT ALEX® CAPACITORS 

====· lf, SPRAGUE "1\\_ 

Type 1200 polarized pla in-foil 

Type 1210 non-pola rized plain-fo il 

Type 122 0 pola rized etched -fo il 

Type 1230 non-pola rized etched -foi l 

ASK FOR BULLETIN 3602C 

for more information circle No. 50. 

RECTANGULAR 
TANT ALEX® CAPACITORS 

Type 3000 polarized 
plai n-foil 

Type 3010 non-polar­
ized plain-foil 

Type 3020 polarized 
etched-foil 

Type 3030 non -polar­
ized etched-foil 

ASK FOR BULLETIN 3650 

For more information circle No. 52. 

RECTANGULAR TANTALUM 
CAPACITORS TO MIL-C-3965( 

CL51 polarized pla in-foil 
CL52 non -polarized pl ai n-foil 
CL53 polarized etched -foil 
CL54 non-polarized etched -foi l 

For more information circle No . 54. 

85 C TUBULAR 
TANT ALEX® CAPACITORS 

Type llO O polarized plain-fo il 

Type lll O non-polarized plain- fo il 

Type 1120 pola rized etched-foil 

Type 1130 non -pola rized etched-foil 

ASK FOR BULLETIN 3601C 

For more information circle No. 51 . 

TUBULAR TANTALUM 
CAPACITORS TO MIL-C-3965( 

CL20, CL21 125 C polarized etched -foil 
CL22, CL23 125 C non-polarjzed etched-foil 
CL24, CL25 85 C polarized etched-foi l 
CL26, CL27 85 C non- po la rized etched-foi l 
CL30, CL31 125 C pola rized plain-foil 
CL32, CL33 125 C non-polari zed plain-fo il 
CL34, CL35 85 C pola rized pla in-foil 
CL36, CL37 85 C non -polarized plain-foil 

For more information circle No. 53 . 

For comprehensive engineering bulle· 
tins on the capacitor types in which 
you are interested, write to : 

Technical Literature Service 
Sprague Electric Company 
491 Marshall Street 
North Adams, Mass . 01248 

4 SC· !S l 6 t RI 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Sora;ue' and ·@· ere n111steted trademartis of the Sofa1u• Elect ric Co • . 

USC Hosts Flat Cable Seminar 

Lo s ANGE LES, CALI F. - The University of Southern California 's School of Engineering, 

in coope ration with th e Institu te of Printed Circuit s, will hos t a fu ll-da y seminar on flat­

cable technology. Enti tl ed " Flat Cable -Present and Fut ure", the meeting is sponsored 

by EDN and is open without charge to all engineers. 

Why Flat Cables? Like most tec hn ologies in the e lec troni c indu s try, ll a1 cable has 

a s hort his tory -10 to 12 years. During this peri od th e use of fl a t 

ca ble as an in terconnection medium has progressed from a highly 

sop hi stica ted , ex pensive techniqu e to an immed iate commerc ial 

necess ity. Flat ca ble has many ad va ntages . each acco mpani ed by 
s-0 me Li mitations . Thi regional semina r will exa mine fl a t-cable 

inte rco nn ec tion - its advantages. li mitati ons and des ign co n­
s ide rati ons. 

So Who's Interested? fo st engineers rea lize that electro ns a re fine. but sooner or late r 

yo u have to do so me thing with th em. (A nd to do so mething, e lec­

trons firs t have to be transfe rred by wires or cables- hence fl a t 

ca ble.) This sympo ium has been deve loped to se rve th e needs of 

both des ign and produ cti on enginee rs. Des ign enginee rs must 

co ns ide r inte rco nn ec ti on techniqu es in early design stages. 

The use of fl at ca ble may redu ce des ign and deve lop ment ti me. 

Produ ction enginee rs may be nefit by examinin g th e economi c 

an d manufac tu rin g co mpromi ses 1h a1 acco mpany the use of fl at 

ca ble . bo1h in new des igns and in redes ign of ex istin g equipm ent. 

Historically This will be the 38 th regional engineerin g semina r. s ponsored 

by ED and its s is te r publicati on. DESIGN E WS. The pro­

gra m has evolved into an effi c ient me th od of co ntinu ing engi­

neering edu cat ion and will feature papers, given by recogn ized 

expe rts, of vital in te res t lo the elec troni c des ign engineer. (ED 

sponsors these seminars as a noncomm~rcial servi ce.) 

The Speakers Are R. A. Klotz. Douglas Aircraft , ' ·Fiat Cable fo r Saturn S-IVB 

Ve hi c les". 
P. L. Hill , Douglas Aircraft , " Fl at-Cable Manufac ture and In­
stallation". 
J . W. Peterso n, Electro-Mec han isms, "A Fla t- Cable Termination 

Technique". 
A. B. Chase, W. L. Gore Assoc., " Applications of Flat-Cable 

Co ndu ctor Cables". 
Roy Witte, Cinc h Mfg. Co., "Simplifi ed Flexible-Ca ble T ermina­
tio ns" . 

W. S. Ri gling and H. T. Davi s, Ylartin Co., " Kapton Polyimide 

Flexible Printed Circuits" . 

J ose ph Marshall , Ad va nced Circ uits Intern ational, " Flat Cable as 

Multi-Signal Trans miss ion Lines". 
Dave Crimmi ns, AC l Di v. of Kent Mfg., and Ken Collin , Flexi­

prin t Di v. of Sanders Assoc., "Sta te-of-th e-A rt and Future Pro­

jec ti ons fo r Flexible Flat Cable and fo r Flexi ble Prin ted Cir­

cuit s". 
Walt e r Gammel, G. T . Schj elda hl Co., " Flexible Fla t Cables and 

Thei r Insul ati on" . 

When? The 1967 semina r will begin at 9 a. m., June 20, in Hancock Aud i­

torium on the USC ea rn pus. 

Any Questions? Co ntact, for all th e ans wers, EDN Magazine, 5670 Wil shire Blvd., 

Los Angeles. Calif. 90036, (213) 933-9525. 



Demand Down 

For Engineers 

N8W YORK , N.Y.-During February 

th e demand for technical people 

dropped to 152.8 - a 10.5-percent de­
crease from the January level. The 
Deutsch & Shea Engineer/Scientist 

Demand Index for January showed a 

rise of J7 points to the level of 170. 7. 

However, thi s increase has been erased 
by the l 7.9-point drop that brought th e 

February index down below th e De­

cember level of 153. 7. 
This drop is mu ch more severe than 

dips in February of prev ious years. For 

example, the demand in February 1964 
dropped onl y 0.1 point. In February 
J 965 it dropped 2.5 points. And in 
February 1966 it rose 8.1 points. 

Although a seasonal upturn is ex­

pec ted in March, Deutsch & Shea 
interprets th e February 1967 decline 

as an additional indication of the slowly 

declining marke t for engineers . This 
decline is expec ted to characterize 
1967. In January the Deutsch & Shea 

report included the predic tion that in 
1967 the demand for technical people 
wiJI remain at a fairly high level. How­

eve r, this year th e demand may not 

reach the high levels recorded in J 966. 
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Deutsch & Shea Engineer/Scientist Index 
shows the demand during December 
1966, January and February 1967 and 
the demand during previous Februarys. 

Circle No. 8 on Reader Service 
Card for more information_ • 
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rid. (But almost 
mlt that our performance 

es our price.) 
The Series JA is a breaker of a 

somewhat different stripe. The usaal 
Heinemann features are all there­
temperature-stable trip-points, precise 
current ratings, choice of time delays, 
optional special-function internal 
circuits. But they cost less in the 
JA wrapper. 

And you can have color, too. Not all 
over the breaker, of course-just in 
the part that shows. The mounting boss. 

circuit breakers. 

A very simple arrangement of color 
caps lets you change the boss from 
basic black to any of eight other colors. 
You can thereby instantly color-code 
the breakers to pilot lights, operational 
sequences, or anything else you might 
have in mind. Or, you can use them 
just because they dress up a 
panel handsomely. 

The JA can be had in any integral 
or fractional current rating from 0.100 
to 30 amperes. Standard maximum 
voltage ratings are 250vac, 60 or 400 Hz; 
65vdc. Our Bulletin 3350 will give you 
complete specs and catalog data. 
A copy is yours for the asking, of course. 
Heinemann Electric Company, 
2700 Brunswick Pike, 
Trenton, New Jersey 08602. 

HEINEMANN 
3649 



Would radiation-hardened transistors, 
with predictable minimum changes 
in gain, simplify your circuit 
design problem? 

Consider it simplified. 

~ 
1,,1.: I 
!ii 

T0-5 MT-27 

h FE 100 

0.25 

0.20 
1 0.15 
hFE 0.10 

0.05 

T0-59 T0-60 

0 2 
Iii (10"n/cm ' l 

T0-61 

Minimum gain change and predictable gain change. 
Bendix has teamed these two unique features in the 
vital power transistor to bring you far easier circuit 
design. How? Bendix radiation-hardened, silicon power 
transistors boast base widths of 0.6 microns and supe­
rior process techniques with large area devices. More 
important, from the designer's view, the Bendix 
approach permits you to predict post-radiation gain of 
power transistors with VCEO's ranging from 40 to 100 
volts and maximum current levels of 5, 10 and 25 amps. 
Exposure levels? You name them and we'll provide 
superior performance. 

The prediction technique is as simple as .1 (h:E) = 
K'¢. Here K' equals a function of base-width transit 
time and device material. 0 is equal to the level of expo­
sure. Note that K' values for Bendix radiation­
hardened types are specified at the left. Armed with this 
knowledge, you can design the circuit for optimum pre­
radiation and post-radiation performance. 

Now consider our credentials. Bendix is the leader 
in the field of radiation-hardened power transistors. 
We offer you 16 different types, six different packages, 
too: T0-5, MT-27, T0-59, T0-60, T0-61 collector-to­
case and T0-61 isolated. Like more information? Just 
contact Bendix Semiconductor Division, Holmdel, 
New Jersey, and inquire about the BRlOO and BR200 
series of transistors. 

Electronics 

. · ) Md -(301) 828·6877; Chi cago-(312) 637·6929; Dallas-(214) 357-19_72; 
Atlanta -Grady Duckett Sales Co., (404) 451-3529, Balto;'~;~~To;s~n d• 1 N J -(20l) 946 _9 400· Los Angeles-(213) 776-4100; Minneapolos-
Detroit-(313) 548-2120; Greenwich, Conn.-(203) 86 - • 0 m . e ' -1 · Ra Johnston Co' Inc (206) LA 4-5170· Syracuse, N. Y. -(315) 
(612) 926-4633; Los Altos, Ca l if.-W. W. Posey Co., (C4lb5I) .~~:· 7 ~71 • tS·~~t~;ThirJ Avenue New.York."(212) 973-2121; Ottawa, Ont.-Computing 474-7531; Waltham, Mass.-(617) 899-0770; Export- a e. en 1xon ' • 

Devices of Canada, P.O. Box 5.08-(613) TAibot 8:2711. . For immediate sales contact, circle No. 788. 
Circle No. 9 on Reader Service Card for more information. 

Copper Information 

NEW YORK , N.Y. -An industry association and re­

search institute have team ed up with a computer to 

provide copper information retri eval service for 

engineers. A de monstration by the Copper Develop­
ment Assn. (CDA) at th e IEEE S how exhibit in ew 

York used a des k-s ized computer and di splay screen 

to s how, on a small scale, th e system in operation. 

The s pecial demonstration enabled an engineer to 

type in hi s information requ est phrased in th e 

CDA's terminology. Hi s requ es t appeared on the 

di s play screen above the keyboard and , while the 

search was be ing carri ed on by small computer in 

the exhibit, th e request s tatements were rearranged 

alphabetically and displayed along with their inter­
related term s. The screen then di s played the an wer 
to the inquiry in the form of doc um ent number. By 
simply referring to the extract volume on a s helf 
under the di splay unit , the engineer could review 

the information he had requested. 
The maximum res ponse time for the co mplete 

search by thi s s mall , low-s peed de monstration co m­

puter (Control Data 160-A) was 50 sec or less. The 

de monstration was programmed with onl y 10 per­

cent of th e information in the entire system to il­
lustrat e its ope ra tion. The tota l retri eval program 
e mploys a large r Co ntrol Data 3400 computer. 

The Technical Data Center es tabli shed in 1965 

by the Copper Development Ass n. provides engi­
neers, wh o select and appl y materi als, with co m­

plete and up-to-date technical data on the properties, 

process in g and a pplications of copper, brass and 
bronze. Thi s computer-based in form ati on se rvi ce 
is the firs t of its kind offered in the metal industry. 

c n 1\1 ti.A -.,, 1 a c.. 1 



Anyone? 

A special-interes t chec klis t card 

submitted by the· inquirer will obtain 

periodi c reports and data s heets about 
copper from the CDA Technical Cente r. 

There is no charge for eithe r service. 

Information and data from both 

published and unpublished sources 

are collected and re vi ewed by speciali s ts 

at the Center located in the Columbus , 

Ohio, laboratories of Battelle Me morial 

Institute. Each selected doc um ent is 

sent fo r evaluation to one of the 70 
engineers in the copper and brass in­

du stry who are staff experts guiding 

the program technically . 

After evaluation, the information 

and data are edited into an extract 

containing all of the text , tables and 

fi gures with long-term usefuln ess. Thi s 

document then receives a serial num­

ber that is s tored in the computer 

memory behind each appropriate term 

of the more than 5000 term s in CDA's 

reso urce of term s on co pper. 
The Techni cal Data Ce nt er s tands 

ready to searc h for and provide avail­

able data on copper and co pper alloys 

that are needed in connection with 

specifi c material s, selection and metal­

processing proble ms and operations. 

The Center covers copper technology 
from refinin g of metals through the 
end-use perfo rmance of parts, com­
pone nts a nd sys te ms made from its 
new prod ucts . 

Materials included are copper, 
copper alloys, iron and s teel with copper 
as an allo ying ele me nt, copper che mi­

cals and materials competing with 

copper appli cations. Worldwide m 

scope, the s yste m handles data origi­

nated outside the U.S. with guidance 

provided by European e ngineers and 

copper development groups wh o are 

participa ting in th e program. 

Circle No. 1 0 on Reader Service 
Card for more information. • 

iniature 

Thermal Relays 
Hermetically Sealed 
in Glass 

99.9995% Reliability 

"Normally Op.en" ... "Norma y, Closed" simply describes t e 
successful an Gomplex Thermal Relay story at Netwo k . After 
the introduction. of Networks' -conce t, "One-Shot" glass 
enclosed switching devices , there fo llowed a high-reliability 
-no-fail production record that remains unparalleled in the 
industry. These· highly respected and rugged current sensitive 

relays perform unerringly in a myriad of guidance and con trol 

packages, under extreme conditions of speed, shock, vibration 

and altitude levels. Networks' multi-million units "in action" 
have earned an impressive 99.99950/o reliability ra ting. 

engineering assistance, no obli gation of course. 

NEliWORKS 
E ECTRONIC 

ORP. 
9750 DeSot-o Avenue 
Chatswort ti, California 9 131 1 
Telep one: 341 ·0440/873 ·6600 



Lasing a Rainbow 

Multiple exposure shows the new laser. 
Beams were separated by rotating a 
prism in front of the laser. 

Y ORKTO WN H E IGHTS, N.Y . -A simple 
liquid laser that can produce a rainbow 
of different colors has been developed 

by researchers at IBM. Usin g a new 
flash-lamp-pumped laser that emits in a 

broadb and about lOOA wide at varying 

frequencies, colors of green, yellow, 
orange and red laser light have been 

produced. ln princip le, all wavelengths 

in the visible and infrared should be 

possible. The color of the beam is 

changed simply by refillin g the liquid 

laser with different solutions of or­
ganic dyes. 

Scienti sts at IBM firs t observed las­

ing ac tion in an organi c dye last year. 

But organi c dyes had to be pumped by 

a giant-pulse rub y laser (an expensive 

and cumb erso me technique) or com­

plex frequency-doublin g methods are 

needed. Fast pumping is essential fo r 
las in g flu orescent dyes so a fl as h-lamp 
and laser assembly that ge nerates 
pumping pulses with a ri setime of 300 
nsec was developed. 

Diagram of the new laser. The ca pacitor is 
used to fire the flash lamp, enabl ing dif­
f erent colored dyes to be pumped wit h 
incoherent light. 

Here's Amphenol's new 
square version of the 

low cost 2600 trimmer 
Circle No. 11 on Reader Service Card for more information. 
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Amphenol's new %" square com­
mercial trimmer offers you half the 
height of our renowned 2600 trimmer 
above, and half the cost of any %" 
square trimmer-less than $2.00 
each in production quantities. 

REPLACES %" OR % " SQUARE 
TRIMMERS The PC pins of the new 

3600 trimmer fit the cards of any 
standard %" or%" square trimmer. 
And, it's only .200" high for low card 
space applications. It's also available 
in a humidity-proof model, the 3610. 

SAME 2600 QUALITY SPECS The 
3600 performs like the 2600 with 
85 3 better resolution than MIL-

R-27208B, RT24. Order the 2600 or 
3600 from your Amphenol Distribu­
tor or Sales Engineer. Amphenol 
Controls Division, Janesville, Wis. 

@AMPHENOL 

Specify Amphenol . .. the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics 

Probe Takes 
Ocean's 
Temperature 
JV[ARlO N, MASS . -De pths to 1500 ft are 

being meas ured rapidly and accurately 

according to th e develope rs of a ne w 

expend able bath ythermograph sys tem. 

The new probe provides a graphic 

record of te mperature versus de pth 

over thi s di s tance withi n 90 sec after 

the drop is initi ated. The probe carries, 

as it s te mperature-se ns ing ele ment , a 

thermi stor meas urin g 0.030 inch per 

side encased in a thin pro tecti ve coatin g 

of parylene plastic that has been 

vacuum-de pos it ed onto th e thermi stor. 

In use, th e probe in its canis ter is 

loaded int o a launching de vice . The 

thermi stor fo rms an ele ment of an 

electrical path composed of a voltage 

source, wire lead and a recorder. The 
seawater provides the re turn elec tri cal 

path. A de pth accuracy of ±2 percen t 

is obtained with an accuracy of ± 0.4°F. 
According to the Sippican Corp., de­

veloper , this is mu ch more accurate 
than conventional, mecha ni cal probes, 

which also require th at the s hip 's 

mane uvering be minimized , its s peed 

be reduced to 15 knots and an att end ant 

be present on deck fo r 10 minutes fo r 

each cas t. T he Sippican sys tem, how­

ever, can be used at speeds up to 30 

knots, does not li mit maneuve ring and 

onl y needs watching for 30 sec for each 

drop. 

Probe, canister and thermistor (also en­
larged in inset) of new bathythermograph 
system. 

News 15 



FIVE GUESSES. • • 
WHAT ARE THEY? 

IOOOF llOOF 1200F 
CAPACITORS? 
DIODES? 
INDUCTORS? 
RESISTORS? 
FUSES? 

ACTUAL SIZE 

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. PEND ING 

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. 
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Graph shows representative results 
on a SAGE IOOOF Hl part . 

For a prompt analysis of 
your application, contact us, 
outlining details of 
resistance value, fusing 
time and current. 

Or for specifics of 
environmenta l performance, 
body size, etc ., write, wire 
or phone for ,\), \m'"'"'''• 
a copy of ''' D '" . 
Catalog R-66. 

""' ,,~ 
.t/l',tOfllM t~' ~\.ti~ 

SAGE "ELECTRONICS CORP. 
BOX 3926 • ROCHESTER , N . Y. 14610 

PHONE: 716-586-8 010 

lh No \Al c 

EON News of Computers 

Superconductive 
Memories 
After 11 Years 
PRI NCETON, N. J . -After 11 years of intensive re­

search, RCA has announced what it calls the firs t 

practi cal process fo r building superco nductive com­

puter memories that may store up to a billion bits 
of data and operate several tim es fas ter than present 

inform ation-storage units. 

RCA scienti s ts have cons tru cted a cryoelectric 

unit th at stores 14,120 bits of info rmation in arrays 

of mi croscopic loop cells made of s upercondu ctive 

materials de posited in thin film s on glass slides . The 

experimental unit can recall th e s tored informati on 

at a rate of nearly 1/2 million bits per sec. The co m­

pany expects this method could make possible 

me mories that s tore up to a billion bits of computer 
data. Because of th eir large capacity coupled with 

their high-speed operation , such superconductive 

memori es are expected to -co mpete favorably with 
the slower punched card , magnetic drum or mag­

netic ta pe sys tems. 
The key to the experimental sys tem was the de­

velopment of a loop-cell s truc ture that could be 
fabri cated uni fo rml y by th e thousands and s till 
carry a current that could be sensed or removed. A 

cell was developed th at consists of thin layers of 
lead , tin and an ins ulating material deposited in 

large arrays on a glass slide. 
A photolithographic fabri cation tec hnique was 

used to help eliminate the penumbra along th e 

film edge, res ulting in a be tter inductance fa ctor. 

(Film thi c kn ess cannot be indiscrimin ately large or 

th e induc tive tim e co ns tant will be excess ive be­
cause of a smaller restored res is tance time.) , 

The experimenl al memory contains four s uch 

sli ces tacked one on top of the other and intercon­

nected alon g the edges. The stack must be ke pt in 

liquid helium at a temperature of 7k above absolute 

zero. Thi s c ryoelectric memory then is hybridized 
to roo m-temperature decoders compatible with the 

loo p-cell arrays. 

Computerized 'Tote 
Board' Hits the Road 

NEW YORK, N. Y. - A van-mounted , computer­
controlled mobile information unit was designed 

and built by IBM and the Datex Di v. of Giannini 

Controls Corp. to supply officials, local audiences, 

broadcast televi sion and the press with detailed 

real-time information and stati s ti cal background on 

such s porting events as major golf tournaments. 

The new information uni t has a 28- by 9-ft dis play 

with foo t-high characters, a character·write speed 

of 4000 per sec and an on-line computer internal to 
the van. 

'67 Wrong Year 

To Goof on Taxes 

MARTINSBURGH, W.VA. -The computer will get you 
if you didn ' t watch out last month. 1967 is the firs t 

year that all federal income-tax returns will be 

scrutinized by the Internal Revenue Service's 

National Computer Center here. IRS Co mmissioner 

S heldon S . Cohen describ ed th e system: 

" At the National Center the returns are matched 

against the master fil es which include a record 

fo r every single tax-paying entity in the country. 



The files bring together in one place 

for thorough scrutin y all tax transac­

tions of all taxpayers. Every tax­

payer has only one account and all 

infor mation affec ting hi s tax status 

is matched against that account and 

no other." 

Did George Orwell, in his book 

" 1984", say how the whole thing 

started? Big Broth er at least has hi s 

foo t in the door. 

QUIKTRAN 2 

Centers Spreading 

W HITE PLAINS, .Y. -IBM an­

nounced last month that by the end 

of 1967 it. will have 10 time-s haring 

centers in cities across the country 

able to use its improved QUIKTRAN 

2 system. The more powerful new 

system, according to IBM: 

• l s up to 10-times faster in internal­

processing speed than QUIKTRAN. 

• S upports up to 175 users and is 
available fo r 12 hours dai ly (as op­

posed to 50 users at a time for 4 
hours a day of the old system). 

• Is sold in time segments as small 
as 5 hours a month -former mini­

mum was 25 hours a month . 
A customer may have up to five 

terminals simultaneously connected 

to the sys tem at no increase in 
charge other than the cos t of the ad­
ditional terminals. Minimum monthly 

cost of QUIKTRAN 2 is $185 for 5 

hours of systems use and one 38,400-
word storage block withi n th e com­

puter. In operation are the centers 

in Cleveland. Chi cago, Los Angeles, 

New York and P hiladelphi a. 

Circle No. 1 2 on Reader Service 
C;ird for more information. t 

The BiFET's unusual coupling of 
bipolar and MOS/FET performance 
on a single chip gives you the unique 
combination of high input resistance, 
high transconductance and low noise 
with high voltage capability. 

That ' s not all . The Amperex 
BiFET, type TAA320, unlike conven­
tional MOS/FETS can take input 
transients of 100 volts ; it is immune 
to burnout from static charge and 
requires no special handling . 

TAA320 EQUI VA LENT CI RCUI T 

As we see it, the TAA320 is, with­
out qualification, the optimum audio 
frequency semiconductor device ; it's 
a l inear, monolithic IC in a T0-18 with: 

• g,.. of 50,000.umhos· 

•Ras of 10,000 megohms 

•Vas of100V. 

It 's available, now, off-the-shelf, 
in production quantiti es for under 
$1 .00. It's low price and its unusual 
range of appl i cations makes the 
TAA320 BiFET ideal for large vol­
ume production in consumer, profes­
sional and industrial appl icat ions. It 
is not only a most universal device, 
it simplifies circu itry, el iminates dis­
crete components, is ex tremely 
simple to work with. 

Although it is optimum for audio 
funct ions, its importance for profes­
sional and industrial applications 
cannot be overlooked . One TAA320 
is a complete preamp and driver for 
a tape recorder or a high quality 
phonograph ; it 's a low-cost IC for 
tim ing circu its; an imp.edance con­
v ert e r ; the perfect IC for active 
filters ; it 's a high impedance IC for 
sensing probes that withstand 100 
volt transients; it 's .. . it 's actually a 
new, simple, basic bu ilding block for 
el ectronic circuit designers ! 

For data and detai led applica­
t i on s informat ion on the TAA320 
B iFET and other, new, volume­
priced, linear monol ithic IC's write: 
Amperex Electron ic Corporation , 
Microelectronics Divis ion , Dept. 371 , 
Slatersville, Rhode Island, 02876. 

Ampere:. 
T O M ORROW ' S T HINKING I N TODAY ' S PRODUC T S 



coming next month in 

A SPECIAL EDITORIAL FEATURE ON 

UP-TO-DATE ENGINEERING DATA AND APPLICATION 
INFORMATION TO KEEP YOU ABREAST OF THE 
DEVELOPING TECHNOLOGY IN TUNNEL DIODES 

A basic outline on tunnel diode characteristics . .. Includes a review of how 
they work, their parameters, and significant design equations. Prepared 
especially for EON by an independent consultant/professor. 

EON feature reports new, proven, successful applications and potentials ... 
Tabulates all tunnel diodes presently on the market. 

all of th is 

an up-to-date 
manufacturer's 

locator chart. 

So, don't miss 

I cp I DENVER D1v1s10N • cAHNERs PUBLISHING coMPANY. 1Nc .• 3375 so. BANNOCK sr .• ENGLEWooD. coLo. aono 

Simulated Man 
.- . 

~~- <' \. 
A. 4 ~.. .. "· 

* . ' 
Los ANGEU , ALIF. -An s.thesi logists -to-be 
now have a manikin, complete with all of the neces­
sary human structures, on which to practice their 
art. The manikin is controll ed by computer to simu­
late nearly every condition that co uld occur on the 
operating table and will provide the future doctors 
with one of th e mos t co mplex medical teac hing 
tools ever devi sed. 

Sim One, as the patient- imulator is. known. was 
developed by medical researchers at th e University 
of Southern California working with engineers of 
Aeroject-General Corp.'s \' n Karman Center. Com­
puting Sciences Div. "He" is covered by a plastic 
that has the texture and color of skin. The jaw is 
hinged, permitting the mouth to open and close 
normally. lnsid th mouth are all struc tures found 
in the human patient, ranging from tongu e and 
teeth to bronchial tub s. 

Sim One has a heartbeat, carotid and temporal 
µul e beats and blood pressur . Th diaphragm and 

ches t move to si mulate breathing. The eyes open 
and clo e and the pupil of the eye, dilate and 
constrict. 

All of these mechanical acUons are driven by com­
puter-programmed electroni c systems that simulate 



Teaches Doctors 

the symptoms and physiological re­
sponses an anesthesiologist may en­

counter durin g an actu al operation. T he 
programmin g provides appropriate 

res po nses to the inj ection of fo ur dif­
ferent drugs, administered in varyi ng 
dosages, as well as to the admi nistra­

tion of both nitrous-oxide and oxygen. 
One of the most helpful things that 

Si m One will do is to teach what doc­
tors call endotracheal intubation. This 
is the procedure that involves passing a 
semiri gid tube into the trachea, or 
windpipe. Through this tub e anes thesia 
gases are admini stered di rectly to the 

lungs wh ile controlled artifi cial breath ­
ing is maintained. The technique de­

mands a high degree of skill an d Si m 

One will provide the necessary tool to 

help doctors develop such ski lls. 

Hailed as a revolutionary medical-educa­
tional tool, Sim One reflects realistical ly 
the external cause-a nd-effect relation­
ships and externa lly monitored actions _ 
and responses of a patient. The computer 
will make the manikin react automatically 
to certain condit ions on the operating 
table. Or the instructor can override the 
automatic responses and manually intro­
duce problem situations. This helps to 
pre pare the student for the unexpected 
in actual surgical practice. 

Circle No. 13 on Reader Service 
Card for more information.• 

An oscilloscope picture in 10 seconds: 
any longer is a waste of tillle. 

Polaroid Land films don't make you 
wait to see if your trace zigged when 
it should have zagged. 

They let you know in ten seconds. 
They give you an oscilloscope pic­

ture you can study, attach to a report. 
send as a test record with a product 
shipment. or file for future reference. 

You have a choice of S films for 
oscilloscope recording. 

The standard film has an A.S.A. 

equivalent rating of 3000. It comes in 
both roll film [Type 4 7] and pack film 
[Type 107]. They both give you 8 pic­
tures 3V4 x 4V4 inches. This emulsion 
is also available in 4 x S sheets [Type 
57]. 

for extremely high-speed record­
ing, there's Polaroid PolaScope Land 
film [a roll film Type 410]. It has an 
A.S.A. equivalent rating of 10,000. 

It can take pictures of traces too 
fleeting for the human eye: such a s a 
scintillation pulse with a rise time of 
less than 3 nanoseconds. 

One thing all these films have in 
common is a sharp, high-contrast im­
age that's easy to read. Because the 
films are so sensitive, you can use 
small camera apertures and low-in­
tensity settings. 

To put these films to work on your 
scope, you need a camera that will 
take a Polaroid Land Camera Back. 

Most oscilloscope camera manufac­
turers have one. For instance: Analab, 
BNK Associates, Coleman Engineer­
ing, EG&G, Fairchild, General Atron­
ics, Hewlett-Packard, and Tektronix. 

You can get complete information 
by writing to Polaroid Corporation, 
Technical Sales Department, Cam­
bridge, Massachusetts 02139, or by 
writing to one of the manufacturers 
mentioned above. 

It will probably take a little longer 
than IO seconds, but we promise the 
information won't be a waste of time. 

"Polaroid" and "PolaScope"® 
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MIDFREOUENCIES OF INTERNATIONAL OCTAVE BANOS 
IN CYCLES PER SECOND [C/ S] 

• Lubrication-free life in excess of 20,000 operational 
hours, continuous duty at 55° C. 

• Delivers more air at a lower noise level, yet priced 
under similar conventional plastic fans. 

• Model 4500 designed for 117 VI 50-60 Hz operation, 
while Model 4550 operates at 230 VI 50-60 Hz. 

• Now available for immediate delivery through leading 
electronic distributors or directly from factory stock. 

• Has Underwriters' Laboratories Inc. Yellow Card Com­
ponent Recognition Number E41168. 

Write to PAMOTOR, INC., 31 2 Seventh Street, San Francisco, California 94103. 

INC. 
Circle No. 14 on Reader Service Card for more information. 

EON 

Britain's Top Bank 
Computerized 

Color Still 
Confusing 

Europe 

Diagnosis a la 
Double 

Loran D-Wanted 
for Vietnam 

NEWS FROM ABROAD 

Larges t computer order ever b y priva te enterpri se placed by 

Barclays Ba nk , London, Brita in 's top bank and largest in 

world outs ide U.S . Worth $32 million , syste m will process all 

as pects of bank 's operation s, us in g Burroughs B8500 co m­

puter at London headquarters and c us tom-designed te rmin al 

co mpu ters at most of the 2500 branc h offi ces throughout UK. 

At peak periods, 1 million transac tion s per hour can be 

handled . S hould be operational in 1970 in tim e for s terling 

decimalization. Barclays claims it will be larges t on-line, 
real-tim e computer banking sys te m in world . 

Two more countri es, Poland and Aus tria, have joined op­

posite sides in European color-TV battle. P ola nd is to try 

out the Frenc h SECAM syste m regularly from 1970 a nd 

Austri a has adopted the Germa n PAL sys te m. Des pite in­

ability of 23 countries to reach co mmon agree ment on sys ­

te ms, over half already showing or planning regular pro­

grams within 5 years. Both PAL (Phase-Alternation-Line) 

a nd SE CAM (Sequ enti al and Me mor y) claimed to be be tter 

tec hni call y than A merican NTSC sys te m that has been cold­

shouldered- although UK had pla nn ed to use it until French 

a nd German indus tri es began lobb ying for th eir sys te ms. 

France convinced Russia to use SECAM, influe ncin g 
Eas tern Bloc countries, and appears to be winning Spain 

over. P ortu gal awaits res ult , probably will follow winne r. 

Purpan Hos pital, Toulouse, France, e ncouraged by good 

res ults of experimental transmitte r-receiver sys te m used to 

send in de tail s of accident vi c tim s within 12-mile radius . 
. Coding apparatus trans mits data on pulse , blood pressure, 

heart , e tc., of people injured or take n ill a t work or home . 

Doctors at hos pital can give immediate diagnosis or advi ce to 
ambulance atte ndants based on patient's records. 

Recent $23-million contract award ed by USAF to ITT Federal 

Labs . for Loran C/D hyperboli c navigational s ys te m. Reports 

that earli er Loran program has run into major delays reveal 

criti cal proble m in Vietnam. Loran D s tarted in February 

1965 to produce lightweight , tacti cal airborn e navigation 

s ys te m usin g mi crocirc uits that give greater positional ac­

c uracy to both troops and aircraft. Currently in use in Vie t­

na m is Decca Navigator sys te m-very effec tive for directing 

U.S. Army heli copters . New Loran D less " jammable" than 
Decca's, but with compatible receiver could be used by 

Vie tcong for own navigation. Army and Air Force need ac­

curate positioning s ys tem to prevent recurring tragedi es of 

bombing own troops. Howe ver, apparent lobb y among U.S. 

firm s to prevent Air Force from us ing Decca Navi gator a nd 

press ure is on to introduce Loran D. 



Fuel Injected 
By Computer 
CONVENTRY, ENGLAND- Wheth er you 

drive a car with the largest V-8 e ngin e, 

a two-strok e motorcycle or your own 

plane, a new elec troni ca lly co ntroU ed 

fu el-inj ection sys te m developed here 

can help squ eeze a 20-percent fu el 

saving and an 8-percent power increase 

from yo ur e ngine. 

A 5-year R&D program at Brico En­

gineering has produced a miniature 

solid-s tate co mputer that co ntinuously 

monitors engine co nditions suc h as 

speed , a ir and coola nt temperature, and 

change of inl e t manifold press ure, and 

synchronizes fuel inj ection for maxi­

mum effi ciency. The monitor unit and 

it s co mputin g sec tion are coupl ed to a 

pulse generator that con trol s th e 

so lenoid-opera ted inj ectors. A sub ­

s idiary unit a utomati caUy e nri ches th e 

fuel-air mixture for cold s tarts. 

Computer and monitoring unit being 
mounted. Solenoid-operated injectors are 
fed from ring main fuel system seen at 
bottom. Each injector is as close as pos­
sible to inlet valve for optimum speed and 
distribution of fuel. Rate, timing and 
duration of injector operation are gov­
erned by pulse generator through a trig­
ger-distributor unit. 

Circle No. 1 5 on Reader Service 
Card for more information. t 

What Price Precision? 
When you pay $50 for a custom precision conductive plastic potentiometer, you're buying 
design flexibility. With ECONOPOT™, we've tried to anticipate many of your design 
needs. We've standardized the production of 18 stock precision conductive plastic models 
that meet many popular requirements. You still get infinite resolution, 0.25-1 % linearity, 
and 20-million cycle life. In fact, you get MIL-R-12934D performance and reliability at 
commercial prices. With ECONOPOT, you can standardize without compromise. 

ECONOPOT 
TEST 

REPORT 

When you want the design flexibility afforded by custom precision single-turn potenti- ~===~'":':'-·:--= 
ometers, remember NEI ... the only manufacturer offering balanced capability in wire- ' -
wound and conductive plastic. 

Kendall Lane, Natick, Massachusetts 01760 • Tel: 617-873-9711, TWX: 710-346-0398 NEW ENGLAND INSTRUMENT COMPANY 

THE ONLY MANUFACTURER WITH EQUAL CAPABILITY IN SINGLE-TURN CONDUCTIVE PLASTIC &. WIREWOUND PRECISION POTENTIOMETERS 
ROTARY AND LINEAR MOTION • LINEAR AND NON LINEAR FUNCTIONS • 'h" TO 5" DIA METERS • SECTOR ELEMENTS 

1\1 a IA/ e ? 1 



You can buy a sample now 
oft 1Snew nera e tric 

, solid state-lamp! 

This is the SSL-1, actual size. It ' s a 2- to 5-volt solid state light 
source that emits 40 footlamberts of visible light end on @ 50 
ma. Turns on and off at the rate of 10,000 cycles per second. 
Resists shock and vibration better than any filament lamp. Lasts 
indefinitely with no loss in efficiency! 

SSL-1 is a remarkable new development of General Electric 
Miniature Lamp research. You 'll want to consider it in your 
business, wherever tiny tough lamps are required. As an indicator 
or photo cell driver, it has hundreds of applications in computers, 
missiles, telephone equipment and aircraft, to name a few. 

ORDER SAMPLES TODAY 

Perhaps the SSL· l can help save space, improve performance, 
reduce maintena nce cost in your product. It's easy enough to find 
out : SSL-1 lamps are ava ilable now at just $9.50 each. Order 
today. Just fill in the coupon and mai l it with your check or money 
order. (Or contact your regu lar GE lamp representat ive.) Your 
cal ibrated SSL-1 wi ll come to you crad led in styrofoam, protected 
in a rigid plastic box . 
Need more data? Send for free tech nical bullet in #3-7041. It 's 
yours for the asking. 

Miniature Lamp Department 

GENERAL- ELECTRIC 
r -----------------------------------~ 

TO: General Electric Company : 
Miniature Lamp Department I 
P.O. Box 2422. Nela Park , Cleveland, Ohio 44112 I 

Attn : J . D. McMullen I 
I 

Please send me new GE SSL-1 lamp(s) at $9.50 ea. I 

Tota l enclosed$ l 
I 

Name I 
I 

Company I 
Add ress I 

. I I City State Zip j 

~ - - - - - - - - - - - -- - - - - - - - - - -- - - - - - - -- - - - _J 

Circle No. 1 6 on Reader Service Card for more information. 

Electric C ompact Hits the 

REDLANDS, CA LJF .-A lot of firm s have 

ta lk ed about it , but Wes tin ghouse Electri c 

Corp. 's Marketeer plant he re has don e it. 

Las t month th e co mpany announced that 

it is manufa cturin g a s mall e lec tric two­

passenger vehicle des igned to be driven on 

the publi c s t reels . 

Dubbed th e Markette , the ne w car run s 

quietly on lead-acid batte ri es at a rated 

top s peed of 25 miles an hour and a range 

of 50 miles bet ween c ha rgings . Whil e 

Wes tinghouse does not see th e Markett e 

as the answer to fre eway driving, it does 

believe sa les of th e car initially will be to 

co mmunity deve lopers, e lec tric utilit ies, 

urbanites and gove rnme ntal agencies that 

want to ex plore th e poss ibilities of electri c 

in-town ve hicl es under th e ir own con­

trolled conditions. 

The develope rs are talking about a price 

of $2000 for ea rly mod els. With an electri c­

power cost of less than $0.01 pe r mile , low 

mai nt enance and de prec iation , the 

Markette promises to be re la tively inex­

pe nsive to own and to operate. According 

to Westinghouse, the vehicles should las t 

at least ] 0 years with no major repairs. 

In standing by the lead-acid battery, 

Westinghouse points out th a t thi s batte ry 

is not th e ultimate power so urce for elec· 

tric vehicles. It s tores only 10 to 12 w-hr of 

e lectricity pe r pound of batte ry , which is 

only about 1/6 the amount acce ptable for 

good performance and di s tan ce driving. 

NiCd batte ries give twi ce this e nergy 

de ns ity while s ilver-zinc batte ri es, pro· 

hibitive in cos t, would rai se the figure to 

30 w-hr per pound. The co mpan y feels th e 

fu el cell is the longest-range automotive 

energy source of all. However, it claims to 

be working on a s mall , ex perime ntal bat­

tery that wi ll have an e ne rgy de nsity even 

la rger than that of the s ilve r-zin c one. Con· 

s iderable work s till is needed to translate 

thi s laboratory experime nt into a prac ti ca l 

battery. 



Streets 

Urban dwellers could be a prime market for the 
new Markette. The compact measures 116 inches 
long, 54-1/2 inches wide and has a turning ci rcle of 
only 11 ft. A storage area for shopping packages 
behind the front seat covers the twelve 6v lead­
acid batteries. Access to them is made by folding 
down the seat 's backrest and flipping up the 
storage-a rea floor. 

"Refueling" is accomplished by slipping out the re­
tractable cord from under the front seat and plug­
ging it into any 120v, a-c receptacle. A full charge 
would take about 8 hours. 

240 V 
LINE 

There are 1,920 Reasons 
0 _ __ ...,.9 Motorola's 

New 8-Amp TRIAC 
Gives You More 
Power Control 

For The Money! 

( ... and each one is full-watt slzedt) 
tSimple, economical continuous control circuit utilizes only 4 
components and can switch 1,920 watts. Equal capability with 
the MAC series TRIAC is realized in "O" point and "On-Off" ac 
switching designs. 

You can now design a Triac (the two-SCR 
equivalent) into your full-wave ac control circuits 
that will harness nearly 2,000 watts of power, yet 
costs no more than similar devices which furnish less 
than 1,500 watts of power-handling capability! 

This means you now get all the Triac's cost­
lowering, circuit-simplifying advantages in more 
applications than ever before: higher-power motor­
speed control in home appliances and tools, fans and 
blowers - solid-state switches - environment con­
trols - light dimming - de power supplies - relay 
and solenoid controls - virtually anywhere that an 
optimum balance between price and continuous con­
trol performance is desired. 

Design advantages? Plenty. Just take a look: 

• symmetrical gating and holding in all modes. 
• high 100 A peak surge capability. 
• 50 to 400-volt blocking voltage selection. 
• built-in transient overvoltage protection. 
• three miniature Elf* hermetic packages. 

And 100-up Motorola Triac prices start at only $1.60 
for a 50-volt unit! 

Circle No. 25 on Read er Service Card for more information. 

Send for NEW APPLICATION NOTES ... 
"SCR Power Control Fundamentals", "Thyristor 

Trigger Control Circuits", and "RFI Suppression in 
SCR Circuits", which detail solutions to some of 
today's more common thyristor circuit control prob­
lems are available by writing to Box 955, Phoenix, 
Arizona 85001. You'll also receive specifications on 
Motorola's new 8-ampere Triac for your design con­
siderations. Send for them today! 

Try a better Triac .. . 

TRIAC 

MAC 1 {-2 
2 -4 
3 -6 

• 

IGT I Ho VaT 
VBOM IA (Max) (Max) (Max) 
Volts Amps mA mA Volts 

50 8@ 200 30:j: 30:j: 2.0:j: 
400 75 °C 

:tAll quadrants 

*Trademark fo r Motorola's proven 8-ampere 
SCR, favored by designers because of its un­
matched compactness (less than % the size of 
pressfit devices ) a nd rel iable high power­
handling capability. 

MOTOROLA 
Semiconductors 
For immediate sales contact, Circle No. 809. 



Liquid Laser 
Unwrapped 

A 6-inch tube containing selenium ox­
ychloride produces a pulsed beam that is 
more economical than solid-state lasers , 
while comparab le in performance, but 
without the heat-dissipation prob lems. 

NE W YORK, .Y. -Ge neral Tele phone 

a nd Elec troni cs Labs ., lnc., took th e 

wraps off th e liquid laser th a t re­

searchers there have been workin g on 

since 1960. ln a public de mons tration 

this spring at the IEEE s how , th e laser 

was fe atured at th e Sylvani a booth . 

The laser on di splay was th e one th e 

co mpany announced las t Augus t (see 

Sept. 14, 1966, EDN, " Lasin g by 

Liquid", p. 6). It used a so lve nt th a t 

does not co ntain atoms with a low mass, 

selenium oxychlorid e. The absence of 
these a to ms in creases the effi c iency 

of the laser 's operation because the ac­

tive neod ymium ions are more like ly 

to e mit photons of li ght than to di ss i­

pat e th e ir energy in heatin g th e solve nt. 

The developers feel this a pproac h 

could generat e a whole fa mil y of li­

quid lasers usin g rare-earth ions a nd 

heav y-atom solve nts. 

One of the maj or advantages of a 

liquid laser is that it res tores itself afte r 

the agitati on ca used by each spike, 

even without circ ul a tion. 

The co mpany hopes that with co n­

tinued developme nt work it can de­

s ign a continuous ly operatin g vers ion 

of a liquid laser. While thi s pulsed ver­

sion produces ver y high-powe red burs ts, 

a C W liquid laser would find more ap­

plication s, parti cularly in co mmuni­

cations. 

MIL-TYPE SCR's - Now available ... three families of 
high-reliability, military type SCR's. (1) JAN2N1870A -
JAN2N1874A T0-5 packaged series, supplied by Transitron 
for over two years and available from stock. (2) The 
2N2323A family, available with the same high reliability, as­
sured by full environmental testing to MIL-S-19500/ 276 re­
quirements. (3) The stud-mounted 2N1777A series, also 
produced and tested to the highest standards for confor­
mance to the requirements of MIL-S-19500 / 168. 

TX units available - For your most stringent reliability ap­
plications, Transitron now offers SCR's to the new TX 
specification level. 

NEW HIGH-VOLTAGE SCR IN T0-5 PACKAGE 
A new line of 200V, 300V and 400V SCR's, packaged in 
TO-S 's, has just been announced . All units in the series 
are available at low prices and are ideal for many in­
dustrial control applications. 

Units available 

TT 502 
TT 503 
TT 504 

200V 
300V 
400V 

Typical specifications 

} 

IG, - 200 µA max 
VGF - 0.8 Volts max 
IH - 10.0 mA max 

TRANSITRON SALES OFFICES 

NEW HIGH-REL. TRIACS - A new family of TRIACS, 
providing high reliability for military and critical industrial 
applications, is now available from stock. Provided in T0-
64 packages, the new units will operate at temperatures up 
to 125°C, and conform to the environmental requirements 
of MIL-S 19500. Type GBS 276 D 200V 6.0A 

Type GBS 476 D 400V 6.0A 

BROAD, LOW-COST TRIAC LINE - Transitron offers 
an extensive line of inexpensive TRIACS for both commer­
cial and industrial application. Commercial units, in the T0-
5 and T0-66 package, are available for 200V, 400V and 500V 
applications, with RMS current capacities of lA to lOA. 

LOW-COST, HERMETICALLY-SEALED T0-52 SCR's 
Now hermetic sealing costs no more. With this line of com­
mercially-priced SCR's , hermetically- sealed in T0-52's, 
there is no need to compromise package reliability. Units 
as low as 35¢ each, in quantity. 

REVISED THYRISTOR 
SELECTION GUIDE 
Your copy of the completely revised, 
Transitron Thyristor Selection Guide is just 
off the press . Send for it today . 

BALTIMORE BOSTON CAMDEN CHICAGO DALLAS DAYTON DETROIT KANSAS CITY LOS ANGELES 
Baltimore, Md. 21218 Wakefield , ~ass. 01880 Collingswood. NJ. 01807 Oak Park, Illinois 60302 Dallas. Texas 75235 Dayton. Ohio 45402 Detroit , Michigan 48235 Prairie Village. Kan 66208 Los Angeles. Cal. 90026 
Sutton Place 168--182 Albion St. Terrace Offtce 6641 West North Ave. Blanton Towers. Suite B-121 379 West First St . 15800 West McNichols Rd. 2210West 75th St. 1227 Temple St . 
1111 Park Ave. (617) 245-5640 Parkview Apartments (312) Village 8-5556 3300 West Mockingbird Lane (513) 224-9651 (313) 838-5884 (913) ENdicott 2-6640 (213) MAdison 9-2551 
(301) 685-1070 (609) Ul ysses 4-7082 (214) Fleetwood 7-9448 

TRANSITRON ELECTRONIC CORPORATION . 168 ALBION STREET. WAKEFIEL D . M A SSACHUSETTS 01880 



SINTERED MICA CAPACITORS 

• Highest possible reliability I " "' 
• 0.1% life stability 
• Tolerances to ±1h% 
• Lower series resistance ~--~~-~~----~ 

Transitron, your first U.S. source for sintered mica capa­
citors, offe rs a broad line of precision types for use in 
military and industrial equipmen t. The most stable capaci­
tor typ e availab le, these Transitron/ LEMCO high Q units 
are virtually immune to the effects of voltage, frequency, 
temperature and humidity. Sintered mica construction offers 
the best in mechanical reliability and the smallest size for 
a given capacity. Available capacitance range: 4 pf to 2 µF. 
Results of 15 years of life tests: no catastrophic fai lures; 
and a failure rate of on ly .0004% per 1000 hours (with a ¥2% 
capacitance change considered a failure]. 

Transitron/LEMCO ... more quality per dollar 
You are undoubtedly familiar with LEMCO capaci tors ... Made 
in England and known the world over for their consistent high 

A brand new catalog providing a complete 
listing of a ll standard Transitron/ LEMCO 
types and ratings , together with specifi­
cations. Your copy free on request. 

TRANSITRON SALES OFFICES 
NEW YORK NEW YORK NEW YORK ORLANDO 

CERAMIC CAPACITORS I I 
A broad line of standard ceramic D~-
disc and tubular types for a varie ty W-­
of RF app lications. 
Transitron/LEMCO also offers: 
High Voltage types ....... Trimmers ....... Feed Throughs 

ri-1~1 
POLYSTYRENE CAPACITORS - Ideal, low-cost sub­
stitutes for mica capacitors, for restricted temperature 
range requirements. Their negative temperature coefficient 
can be used to cancel the positive TC of ferrite coils, per­
mitting zero-TC for LC Filters. 

quality and precision. Now that LEMCO is a member of Transi­
tron's growing family of electronic companies, these fine capaci­
tors are available in the U.S . 

forh~f Adio1J 
on any Transitron product, call your nearest Transi­
tron Sales Engineer. Here's where to find him:~ 

SCOTISDALE SAN FRANCISCO CANADA MINNEAPOLIS 
Minneapolis Minn. 55424 
Suite 101 

Larchmont. N. Y. 10538 Poughkeepsie, N. Y. 12603 Rochester. N. Y. Orlando, Florida 32806 Scottsdale, Anz . 85251 Palo Alto, Calif. 94303 
WASHINGTON 
Sealtle. Wash . 98104 
Artie Bui lding 

Toronto 18, Canada 
1229 The Oueensway 
Suite9 7701 Normandale Ad . 

(612) 927-7923 

22 Boston Post Rd . 2 la Grange Ave 
(914) 834-8000 Room 217·218 

(914) 452-5250 

Fowler-Beach Corp. 22 W. Lake Beauty Drive 
3700 East Avenue (305) CHerry 1-4526 
(716) LU 6-0408 

77 3rd Avenue West 3921 East Bayshore 
(602) 945-0771 (415) 961-1954 704 3rd Avenue 

Suite 722 
(206) MA 2-411 5 

(416) Clifford 9·5461 

TRANSITRON ELECTRONIC CORPORATION , 168 ALBION STREET, WAKEFIELD , MASSACHUSETTS 01880' 

Circle No. 1 7 on Reader Service Card for more information. For immediate sales contact, circle No. 790. 

Instant Replay 
In Three Speeds 
And Color 

REDWOOD CITY, CALIF.-A new high­

quaJjty color-recording syste m that 

provides instant color re plays in slow 

motion and stop action was announced 

last month by ABC Te levision and 
Ampex Corp. 

The unique part of this system is th at 

the recording is made on me tal discs 

in stead of conventional magne ti c tape. 

The two co mpanies claim that this is 

the firs t system capab le of color re­

cording and instantaneous replay of 

televised ac tion a t normal , fas t and slow 

s peeds down to frame-by-frame stop 

action. They also claim the color is of 

ex tre mely high quality and the slow 

motion and ins tant re play features are 

be tter than any previous me thod s, 

eve n b lack and white . 

Ampex was as ked by ABC to build 

the sys te m for use in te levi s ing sports 

action. But the new system also co uld 

be used effectively for rapid low-cost 

production of color commercials and 

special-e ffects material, according to 

co mpany spokesmen. 

Metal disc records and plays back 30 sec 
of action in color. For replay any part of 
the recording can be cued for on-the-air 
use in 4 sec. The control panel and t imer 
permit precise pushbutton operation of 
the system. 

New s 25 
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Ge IC' s Coming Up 
YORKTOWN HEI GHTS , N .Y. -The first reported 

germanium integrate d circuits were described at 

ISSC C '67 by IBM sc ientis ts, F. H. Dill , A. S. Farber 
and H. N. Yu. They announced that th ese circuits, 

although still experimental, are already faster than 

th e fastest known silicon circuits. 

Even thou gh the Ge devi ces are about three 

times as large as th e smallest Si IC's, switching 

speeds are about 'three tim es as fas t as Jhose of 

comparable-sized silicon de vi ces . These s peeds are 

possible because the circuits take advantage of the 

inherently greater speed of elec trons and holes in 

germanium . Switching delays of 350 psec have been 

meas ured-including an estim ated 100-psec delay 

res ulting from the test package and an isolation 

capac itance delay of about the same amount. 

Hop and Stop Recruiting 

EW YORK, N.Y.- Careers, Inc. , a leading manage­
ment organization in the recruiting fi eld , has initi­
ated a new jet-age approach to technical recruiting. 

On April 11 top recruiters took off in a " Brain 

Plane" on the firs t of a series of vi sit s to several 

medium-sized U.S. c ities that us ually are neglected 

by recruiters in search of techni cal manpower. 

Ni cknamed " Mr. Brain Drain" by the Briti sh, 

William A. Douglass , president of Careers, fe els 

that thi s flying operation will allow client companies 

to tap the manpower potential in small er communi­

ti es . During future months the plane will fly to 

several citi es including Alban y, Hartford , S yra­

cuse , Buffalo , Dallas , Tulsa, Denver , Salt Lake 

City, S t. Loui s , Wichita and Kansas City. 



Contracts 
In the News 
Burroug h s Corp. , Detroit, Mic h. -$22.4 mi ll ion 

from the Federal Aviation Agency to supply 177 

radar digitizers- key elements in the nation's emer­

ging semiau tomatic air-traffic-control system. Also 

$6.6 mill ion from the USAF for a semiautomatic 

airspace surveillance and contro l sys tem to be in­
stall ed in the Ryukyu Islands. 

North Am erican Aviation , Inc ., Los Angeles, 
Cal if.-$8.9 mill ion from NASA for maintenance 

and support of the XB-70 aircraft. 

Sylvania Electric Produc ts , Inc . -$7.5 mill ion 

from the U.S. Navy for the production of electron ic 

equipment. 

Be ndix Corp., Te terboro, N. J. -$7.4 million 

from ASA for development and produ ction of a 

po inting control sys tem (PCS) for the Apollo tele­

scope mount. 

MEMCOR, Inc. , Hungtin gto n, l nd. - $6.4 million 

fro m the U.S. Army for the rece iver- tra nsmitte r 

portion of a fa mily of FM ve hi cul ar radio commun ica­

tions ki ts. Potenti al value of th e contrac t is $77.5 

mi ll ion. 

Ge n e ral Dynamics Electronics Corp., San 

Diego, Cali f. -$4.5-million co ntrac t negotiati on 
with NASA to provide modifi cation of th e Godd ard 
Range and Range Rate spacecraft trac king sys tem. 

ITI Fede ral Labs., N utley, N. J . - $3.7 million 
from the USAF fo r Lora n-C long-range naviga ti on 

se ts fo r C-141A Starli fter jet transport ai rcraft. 

Collins Radio Co., Dall as, Tex. - $1. 7 milli on 

from the Mexican government for a 295-mile-long 

microwave communicati on sys te m to run between 

Nogales and the U.S. space tracking and co mmu ni­

cati on stati on near Epalme-G uaymas, Sonora. 

Philco-Ford Corp., Philadelphia, P a. - $1.3 mil ­
li on fro m the USAF to provide a microwave radi o 

co mmunications system for Air Force use in 
Germany. 

If You Want To 
Reduce Costs and 

Get Faster Delivery 
On Hi-Rel Silicon 

Transistors 
Take A Closer Look 
At MEG-A-LIFE II! 

Circle No. 1 9 on Reader Service Card for more information. 

Investigate Motorola's tri-level assurance 
program, Meg-A-Life IP, as the practical 
approach to today's customized high-reliabil­
ity transistor requirements: 

Meg-A-Life II combines standardized pro­
cessing with customized procedures ... 
offering 28 types of silicon annular* transis­
tors, certified to any one of three reliability 
levels (Level 1, 2, & 3) - with the added 
flexibility of a full range of options to meet 
every special reliability requirement. (Meg­
A-Life II is the most stringent standard hi-rel 
program offered by any semiconductor 
manufacturer.) 

Delivery time is faster because preliminary 
100% processing tests, including life testing, 
are standardized and performed ahead of 
time. You select the suitable reliability level. 
Then, if you need additional tests and screens, 
they are performed after receipt of your 
order. Costs are cut because the time and 
expense of writing and negotiating custom 
specifications is eliminated ... plus the cost 
of acceptance testing is prorated over the 
entire lot of Meg-A-Life II devices. 

TAKE YOUR CHOICE ... 
THREE LEVELS OF MEG-A-LIFE II 

TRANSISTOR RELIABILITY ASSURANCE 
LEVEL 1 100% reliability processing; Group 

A Electrical Inspection to military acceptance 
tests or equivalent; certified reliability data 
from latest lot of continuous production 
having completed Group B inspection (mili­
tary tests or equivalent) . 

LEVEL 2 Same as Level 1, plus 100% 96-
hour burn-in and screening. 

LEVEL 3 Same as Level 2, except Group B 
inspection data for actual lot from which 
devices are shipped . 
. . . plus Meg-A-Life options, including radio­
graphic inspection, hermetic seal, tempera­
ture cycling, thermal shock, and shock. 

ORDER BROCHURE 
Learn more about the modem reliability 

assurance program- Meg-A-Lile II-ideal 
for both the smaller reliability order - or as 
the starting point for custom-tailored, more 
complex, reliability programs. Request the 
6-page folder by writing Motorola Semi­
conductor Products Inc., Box 955, Phoenix, 
Arizona 85001. 
t Trademark of Motorola Inc. 
* Annular semiconductors are patented by Motorola Inc. 

MOTOROLA 
Semiconductors 

For immediate sales contact, circle No. 792. 
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Truxal: The Engineer's Educator 

Dr. John G. Truxal is one of those me n who 
makes the word " teac her" an honored pro­
fession. The phrase " ivory-t owered" is a far cry 
from his approach to education- the fi eld he 
has been in since graduation from Dartmouth in 
1943. 

Now Provost at Polyt echnic Ins titute of 
Brooklyn, he has been active in every phase of 
e ngineering ed ucation. Any E.E. who has at­
tended school in the last 12 years will recognize 
his name as the author of the c lass ic text, 
"Automatic Feedbac k Control Synthesis". 
Work on hi s doctorate at MIT led lo thi s book. 

He began teaching in 1950 at Purdue Uni­
ve rsit y's School of Elec trica l Enginee ring, 
moving in l 954 to Polytechnic. Jn 1957 he was 
appointed head of its E.E. departme nt and in 
1961 was made vice-pres ident for Educational 
Develop ment. In J 964 he became Dean of En­
gineering and last year was mad e Provos t of the 
Institut e, a new ly c reated post. 

Dr. Truxal also has been active in profes­
sional , industrial and governmental affairs. 
Most notably he just fini shed his te rm as Pres i­
dent of the Instrume nt Society of America. He 
is a Fe!Jow of IEEE , works with many edu ca­
tional groups, chaired ASA's Researc h Ad­
visory Co mmittee on Navigation, Guidance and 
Control, and has been a consultant to the Ford 
Foundation, the National Science Foundation 
and National Institute of Health. 

EON interviewed Dr. Truxal April 7. 
EON: What are your thoughts on the recent 
trends in curriculum in engineering schools? 
TRUXAL: The curriculum is very much the 
sort of thing that goes up and down in cycles. 
During the late 50's we had heavy e mphas is on 
e ngineering science. Now, the really exciting 
thing that is happening is the e mphasis on in­
volving the stude nt at a very early stage of hi s 
education in a se t of graded des ign proble ms . 

We start him off in the freshman year, ve ry 
trivially, and advance lo rather sophisticated 
proble ms by the time he ge ls to the doctorate. 
Of course, thi s is e normously expensive to do 
and the resources in mon ey and faculty are 
what limits us . 
EON: What is the answer to the problem of the 
ever-expanding curriculum that attempts to 
keep up with the technology? 
TRUXAL: It is becom ing more and more neces­
sary in engineering for the s tude nt lo do at 
leas t some graduate work. But we are trying very 
hard to focus on fund a mental viewpoints and 
not so much on mechanist ic routine. We also 
have the real advantage that the high schools 
are giving us kids who are better able to do 
more. 
EON: A re the high schools doing a better job in 
teaching the basic sciences? 
TRUXAL: Right. They are doing a better job in 
English as well. But it is noti ceable particularly 
in the basic sc ie nces. The very significa nt 
change in the last decade is toward e mphas izing 
the idea of s tudent s di sco vering for themselves, 
rather than being spoon fed. 
EON: The computer has added impact to en­
gineering education. Is it going to affect rad­
ically the quality and quantity of this education ? 
TRUXAL: Oh , there is no ques tion about this. 
We are just beginning to have some idea of the 
magnitude of the effect now. The co mpute r, so 
far, has been used for data processi ng- ca l­
c ulations. Now we are beginning to find that it 
has an enormous impact on ed uca tion. It is 
difficult to picture a decade ahead but if one 
tri es, one can visualize the computer having the 
central role in educa tion - not only in engineer­
ing educa ti on, but across the board. It will not 
replace the teacher but will give a much fuller 
and more meaningful educational experie nce to 
the s tudent. 
EON: At the recent IEEE convention in New 
York it was pointed out th.at the computer can 
expose the engineering student to mu.ch more 
complex work and make it possible to cover more 
material each day. 
TRUXAL: It does thi s. It also removes the de­
pendence upon mathe matica l dexte rity, whi ch 
always plagues sc ie nce and engineering edu­
cation . The third thing the computer does is to 
get the student talking lo the co mputer. This is 
a tremendous way lo force the student to talk 
in s pecific unequivocal te rms. If the s tudent is 
going lo talk to the computer, he has to phrase 
that proble m very exactly and precisely. He 
mus t do it with co mplete logi c and in educa tion 
we never before had any way to force the s tu­
dent to think and to talk in these te rms. 

EON: Will the computer change the engineer's 
role in industry? 
TRUXAL: Well , it ce rtainly is going to make 
unnecessary the significant number of engi­
neers who do nothing but routine standard 
des ign. An e ngineer is going lo have lo work 
with the co mputer and use it to provide data for 
eva luation of alternate des igns and so forth. 

EON : Do you think th.at engineering schools to ­
day are turning out the kind of engineer that 
industry actually needs? Is the graduate as well 
trained as he was 10 yea.rs ago? 
TRUXAL: On this s ubject I feel very strongly; 
but I a m s ure I am prej udiced. Engineering edu­
ca tion has a tendency, much more than any 
other fi e ld , for se lf-eva luation and self-criti­
cis m and one gains the wrong impress ion from 
this. I really think that engi neering education is 
doing a fantastica!Jy marve lous job in preparing 
students , not only for engineering careers but for 
a lot of other careers s uch as medicine or law. 

We have a produ ct and input in the high­
school s tude nts that co me lo us who have 
certain pictures of e ngineering, certain aspira­
tions. And we have a market in indus try for our 
graduates. But very often that market doesn' t 
match the ambitions and as pirations of some of 
our input-product. So we have to be the im­
pedance-matc hing device between the entering 
stude nt and the industrial e mployer. And so me­
times thi s is a very diffi c ult tas k. 

Our stude nts alJ want to work on bioengineer­
ing or social proble ms to try to make a real 
contribution to the world they live in. Yet in 
both of these areas there is relatively little 
profit for the industrial concerns. Industry , on 
the other hand , is look ing for e ngi neers who are 
wi!Jing to work in public utilities, the defense 
business or space. 

Howe ver, if you a pproach industry and as k 
them objectively, "Are we doing a good job or 
not?" the answer is " Of course not. " But if you 
rea lly try to find out what they think yo u will 
find that, by and large, industry is pleased. 
EON: Occasionally industry seems to prefer the 
recent graduate to the m.an who has been out 
for 15 years. 
TRUXAL: There we are rea lly in trouble . The 
schools are not doing muc h of anything for the 
man who has bee n out for a decade. Unless ~ni ­
versities, professional soc1e l1 es and uppe r 
management in industry really get together and 
tac kle this problem , we are go ing to be in real 
troub le. 
EON: There always seems to be the problem. that 
the engineer has a tremendous grind-type course 
and this precludes his being exposed to the 
humanities . 

INTERVIEW, one in a series, reports on outstanding contributors to the field of electronics. 

INTERVIEW 

TRUXAL: As J mentioned earli er, we are pulling 
away sharply from the routine proble m-solving, 
drafting-type of enginee ring educa tion into one 
that is muc h more meaningful. And every en­
gineering school I know of is trying hard to 
s trengthen its program in the humanities and 
social scie nces. But we s hould turn around and 
s tat e that we are doing a vastly bett er job than 
the liberal arts sc hools in givin g their s tudents 
some understandi ng of mode rn tec hnology. 

If you read the re port by the com mitt ee 
headed by John Pierce (at BTL) that just ca me 
out on co mputers a nd education, you will find 
tha t almost no liberal arts college in the country 
is really giving its s tude nts any understanding 
of the co mpute r and its impact on society. 
EON: Do you think it is important for profes­
sors to keep abreast of th e technology by partici­
pating in industry? Ho1c can a relationship 
with industry be worked out for schools? 
TRUXAL: This is very important. This is one of 
our advantages here. We are right in the mid­
dle of a resea rch- and deve lopmental-orie nted 
community. But thi s is an exceedingly difficult 

prob le m for the engineering school that is lo­
cated in Monticello, Ind., or away from an in­
dustrial co ntact. Unive rsity administrators 
must encourage their faculty in every way pos­
sible to do consulting, to do s ummer work with 
indus try, to take leaves of absence, sabbatica ls 
(whe re they do not go to Europe and sit on the 

Riv iera , but work at one of the major companies 
in their fi eld , instead). I think the Ford Founda­
ti on program that has about 50 teachers a year 
going out for a year's work in industry is one 
s mall approach to thi s proble m. It is s ignifi ca nt , 
but it is s till much too s mall . 
EON : Do you find it is difficult to compete with 
the higher salaries of industry for teachers ? 

TRUXAL: I rea lly don ' t think thi s is a problem. 
ationally, salaries in engineering universities 

are beginning to be fairly co mpetitive with in­
dus tr y. I think (my colleagues might kilJ me) 
that yo u want in teaching those people who 
rea!Jy are e nthusiasti c about it. It is important 
that teaching salaries be slightly lower than 
comparable industrial salaries. 
EON: So you try to get the m.an who wants to 
teach more than he wants an attractive salary? 
TRUXAL: Ri ght. Professors' salaries certainl y 
have to be of the same order of magnitude as in­
dustrial salaries . You can say the same thing 
about elementary and high-school teac hing, 
incidentally. They should be high enough to 
attract, to permit the really interes ted and 
well-qualified you ng man or woman to go into 
the field but not so high th at they attract 
peopl e from other jobs s impl y for the money. 



SOLA ELECTRIC 

DIVISION OF SOLA BASIC: INDUSTRIES 

DISTRIBUTORS 
ALABAMA, Birmingham 
James W. Clary Co. 
M·G Electronics & Equip. 

ARIZONA, Phoenix 
Sterling Electronics 

CALIFORNIA, Glendale 
R. V. Weatherford Co. 

CALIFORNIA, 
Los Angeles 

Kierulff Electronics, Inc. 
New ark-Electro nics 

CALIFORNIA, 
Mountain View 

Brill Electronics 

CALIFORNIA, Oakland 
Brill Electron ics 
Elmar El ectronics 

CALIFORNIA, Palo Alto 
R. V. Weath erford Co. 

CALIFORNIA, Riverside 
Electron ic Supply 

COLORADO, Denver 
Newark-Denver 
L. B. Walker Radio Co. 

COLORADO, 
Grand Junction 

Radio & Electroni c Supply 

CONNECTICUT, 
Bridgeport 

Sprague Elec. Supplies, Inc. 

CONNECTICUT, 
Hartford 

Electri ca l Suppli es, Inc. 

CONNECTICUT, 
Waterbury 

Bond Radio Electroni cs, Inc. 
D. C., Washington 
Capitol Radio Whol esalers 
Electronic Wholesalers 

FLORIDA, Jacksonville 
Southeast Electron ics 

FLORIDA, Miami 
Electronic Equipmen t, Inc. 

FLORIDA, Orlando 
Hammond Electroni cs, Inc. 

FLORIDA, Pensacola 
Grice Electronics, Inc. 

GEORGIA, Atlanta 
Specialty Di str. Co., Inc. 

GEORGIA, Hapeville 
Electro Tech . Inc. 

HAWAII, Honolulu 
Hon olulu Electri ca l 

ILLINOIS, Chicago 
Allied Radio Corp. 
Electronic Distr., Inc. 
Newark Electronics Corp. 
ILLINOIS, Oak Park 
Melvin Electronics, In c. 
ILLINOIS, Peoria 
Klaus Radio & Electric Co . 
ILLINOIS, Schiller Park 
Pace Electronics 
INDIANA, Evansville 
Ohio Valley Sound 
INDIANA, Indianapolis 
Graham Electronics 
Radio Distributing Co. 
INDIANA, So. Bend 
Radio Distr. Co., Inc. 
IOWA, Davenport 
TCR Distributors 
KANSAS, Kansas City 
Precision Electronic 
KENTUCKY, Lexington 
Radio Electronics Equip. 
KENTUCKY, Louisville 
P. I. Burks Co. , Inc. 
E & H Electric Supply Co. 
LOUISIANA, Lafayette 
Lafayette Radio Equip. Co. 
Ralph 's of Lafayette, Inc. 
LOUISIANA, 

New Orleans 
Electronics Prod . Corp. 
Radio Parts, Inc. 
Southern Radio Supply Co. 
LOUISIANA, Shreveport 
Koolman Sales Co. 
MARYLAND, Baltimore 
Electronics Wholesalers, Inc. 
Radio Electric Service Co. 
MASS., Boston 
A. W. Mayer Co. 
Radio Shack Corp. 

MASS., Cambridge 
Electrical Supply Corp. 

MASS., Newton 
Cramer Electronics, Inc. 
MASS., Springfield 
Soundco Electronic 
MICHIGAN, Ann Arbor 
Wedemeyer Electronic 
MICHIGAN , Kalamazoo 
Electronic Supply Corp. 
MICHIGAN, Detroit 
Radio Specialties Co. 
Cadillac Electr ic Supply Co. 
MICHIGAN , Flint 
Shand Electroni cs, Inc. 
MICHIGAN , Grand Rapids 
Newark Industrial Elect. 
MICHIGAN, Jackson 
Fulton Radio Supply Co. 
MICHIGAN , Lansing 
Fulton Radio Supply Co. 
MINNESOTA, 

Minneapolis 
Lew Bonn Co. 
N. W. Electronics Corp. 
MINNESOTA, St. Paul 
Gopher Electroni cs Co. 
MISS., Jackson 
Ellington Electro ni c 
Teagu e Electroni cs 
MISSOURI, Kansas City 
Burstein·Applebee Co. 
MISSOURI, St. Louis 
Walter Ash Radio Co. 
El ec tric Components 

for Industry Co. 
NEBRASKA, Omaha 
Radio Equipmen t Co. 
NEW JERSEY, 

Springfield 
Federated Purchaser, In c. 
NEW MEXICO, 

Albuquerque 
Kierulff Electroni cs 
NEW YORK, Binghamton 
Federal Electroni cs, In c. 
NEW YORK , Buffalo 
Radio Equip. Corp. 
Summit Distributors 

NEW YORK, 
Farmingdale , L.I. 

Arrow Electronics, In c. 
NEW YORK, L. I. City 
H. L. Dali s, Inc. 
NEW YORK, 

Lynbrook, L. I. 
Peerless Radio Distr., In c. 

NEW YORK, New York 
Milo Electroni cs 
Terminal Hud son Elect. 
NEW YORK, 

Poughkeepsie 
Chief Electronics Inc. 

NEW YORK, Rochester 
Requa Electrical Co. 
Simeona Electronics 

NEW YORK, Rome 
Rome Electronics, Inc. 
N. CAROLINA, Ashville 
Freck Radio & Supply 

N. CAROLINA, Charlotte 
Electro-Tech, In c. 

N. CAROLINA, 
Greensboro 

Carolina Radio Supply 

N. CAROLINA, Raleigh 
Southeastern Radio 

N. CAROLINA, 
Winston-Salem 

Electronic Wholesalers, Inc. 

OHIO, Akron 
The Sun Radio Co. 

OHIO, Cincinnati 
Newark·Herrlinger 
Hughes.Peters, Inc. 

OH 10, Cleveland 
Pioneer-Standard Elect. 
Radio & Electronic Parts 

OHIO, Columbus 
Hughes-Peters, In c. 

OHIO, Dayton 
The John A. Becker Co. 
Srepco Electronics Div. 
OHIO, Lima 
Lima Radio Parts Co. 

OHIO, Toledo 
Warren Radio Co. 

OHIO, Youngstown 
Ross Radio Co . 
OKLAHOMA, 

Oklahoma City 
Radio Supply, Inc. 
OKLAHOMA, Tulsa 
Radio, Inc. 
S & S Radio Supply 
OREGON, Medford 
Verl G. Walker Co. 
OREGON , Portland 
Consolidated Electrical 
Lou Johnson Co., Inc. 
United Radio Supply, Inc. 
Platt Electri c Supply Inc. 
PENNSYLVANIA, Erie 
Warren Radio, Inc. 
PENNSYLVANIA, 

Harrisburg 
Pyttronic Distr. Co. 
PENNSYLVANIA, 

Philadelphia 
Herback & Rademan , Inc. 
PENNSYLVANIA , 

Pittsburg 
Cameradio Co. 
McCullough El ec tric Co. 
Radio Parts Co., Inc. 
PENNSYLVANIA, 

Reading 
Geo. D. Barbey Co. 
PENNSYLVANIA, 

State College 
Alvo Electron ics Distr., In c. 
PENNSYLVANIA, 

West Chester 
West Chester El ec troni cs 
RHODE IS. , Providence 
Wm. Dandreta & Co. 
S. CAROLINA, 

Charleston 
Wholesa le Radio Supply Co. 
S. CAROLINA, Columbia 
Dixie Radio Sy. Co., Inc. 
S. CAROLINA, Greenville 
Carolina Radio Sy. Co. , Inc. 
TENNESSEE, Kingsport 
Radio Electric Supply 
TENNESSEE, Knoxville 
Roden Electrical Sy. Co. 
TENNESSEE, Memphis 
Bluff City Distr. Co. 
TENNESSEE, Nashville 
Electra Di str. Co. 
TEXAS, Corpus Chr isti 
Electroni c Equip. & Engr. 

TEXAS, Dallas 
Texas Instruments 
Wholesa le El ectronic 
TEXAS, El Paso 
Midland Specialty Co. 
TEXAS, Houston 
Busacker Electronic Co. 
W. H. Curtin & Co. 
Harri son Equip. Co ., Inc. 
Sterli ng Electronics, Inc. 
UTAH, Provo 
Central Utah Electronics 
UTAH , Salt Lake City 
Standard Supply Co. 
VIRGINIA, 

Charlottesville 
Virgini a Radio Supply 
VIRGINIA, Norfolk 
Priest Electron ics, In c. 
VIRGINIA , Richmond 
Meridian El ectronics, Inc. 
WASHINGTON, Seattle 
Seatt le Radio Supply, Inc. 
Western Electronics, Inc. 
WASHINGTON , Spokane 
Northwest Erectronics, Inc. 
WASHINGTON, Tacoma 
C & G Electronics Co. 
WASHINGTON, 

Walla Walla 
Inland Electronic Sy. 
W. VIRGINIA, Charleston 
Charleston Elec. Sy. Co. 
Mountain National Corp. 
WISCONSIN , Appleton 
Valley Radio Distr. 
WISCONSIN , Madison 
Satterfi eld Electronics, In c. 
WISCONSIN, Milwaukee 
Radio Parts Co ., Inc. 

need 48 CV transformers 
in 48 hours? 

call your Sola distributor 

Sola answers you r tough ones. Through stock­
ing distributors across the nation. 

Choose from 100 different off-the-she lf CV 
designs: normal harmonic CV's in ratings 
from 15 va to 10,000 va, sinu so id al CV's from 
30 to 7500 va, and multiple output CV's from 
40 to 450 va. 

····*···· ••••••••• ••••••••• ••••••••• :·:·:·:··· • • • • 

SOLA ELECTRIC 

Th ey all regu late automaticall y, within ±13 
for variations up to 153. Responding in 1V2 
cyc les. 

For quick delivery, call your nearest Sora dis­
tributor. Or w rite to us for copy of cata log 
CV-100 describing the line: 1717 Busse Road, 
El k Grove Village, Illinois 60007. 

DIVISION OF BOLA BASIC INDUSTRIES 

OTHER DIVISI ONS: ANCHOR ELEC TRIC • ENGINEERED CERAMICS • HEVl-DUTY ELECTRIC • LINDBERG HEVl-DUTY • NELSON ELECTRIC 

Circle No. 24 on Reader Service Card for more information. 



Obtain Tl 
Integrated Circuits 
From These 
Authorized Distributors 

ALABAMA 
ACK SEMICONDUCTORS, INC., Birm ingham; Huntsville 
ARIZONA 
KIERULFF ELECTRONICS, INC., Phoenix 
CALIFORNIA 
CALIFORNIA ELECTRONICS SUPPLY, INC., West Los Angeles 
KI ERU LFF ELECTRONICS, INC., Palo Alto 
MILO OF CALIFORNIA, San Diego 
NEWARK ELECTRONICS CO., INC., Inglewood 
RADIO PRODUCTS SALES, INC., Los Angeles 
R. V. WEATHERFORD COMPANY, Anaheim; Glendale; Palo Alto 
Tl SUPPLY COMPANY, Santa Monica 
COLORADO 
NEWARK-DENVER ELECTRONIC SUPPLY CORP., Denver 

FLORIDA 
ELECTRONIC WHOLESALER S, INC., Orla ndo; Miami 

GEORGIA 
ACK SEMICONDUCTORS, INC., Atlanta 
ILLINOIS 
ALLIED ELECTRONICS CORPORATION, Chicago 
MERQUIP ELECTRONICS, INC., Ch icago 
NEWARK ELECTRONICS CORP., Ch icago 
INDIAN~ 
RADIO DISTRIBUTING COMPANY, Indianapolis 
IOWA 
DEECO, INC., Cedar Rapids 
LOUISIANA 
ELECTRONICS PRODUCTS CORPORATI ON, New Orleans 
MARYLAND 
ELECTRON IC WHOLESALERS, I NC., Ba ltimore 
MASSACHUSETTS 
DEMAMBRO ELECTRONICS, Boston 
LAFAYETTE INDUSTR IAL ELECTRONI CS, Natick 
Tl SUPPLY COMPANY, Canton 
MICHIGAN 
NEWARK-DETROIT ELECTRONICS, INC., Detroi t 
NEWARK-INDUSTRIAL ELECTRONICS CORP., Grand Rapids 
MINNESOTA 
STARK ELECTRONIC SUPPLY CO., Minneapol is 
MISSOURI 
ELECTRONIC COMPONENTS FOR INDUSTRY, St. Louis 
Tl SUPPLY COMPANY, Kansas City 
NEW JERSEY 
GENERAL RADIO SUPPLY COMPANY, INC., Camden 
Tl SUPPLY COMPANY, Union 
NEW MEXICO 
KIERULFF ELECTRONICS, INC., Albuquerque 
NEW YORK 
GENESEE RADIO & PARTS CO., Buffalo 
LAFAYETTE INDUSTRIAL ELECTRONICS, Jamaica 
MILGRAY/NEW YORK, New York 
ROCHESTER RADIO SUPPLY CO., INC .. Rochester 
Tl SUPPLY COM PANY, Plainview 
NORTH CAROLINA 
ELECTRONIC WHOLESALERS, INC., Winston -Salem 
OHIO 
ESCO ELECTRONICS, Dayton 
MILGRAY / CLEVELAND, Cleveland 
NEWARK-HERRLI NGER ELECTRONICS CORP., Cincinnati 
SREPCO ELECTRONICS, INC., Dayton 
W. M. PATTISON SU PPLY CO., Cleveland 
OKLAHOMA 
Tl SUPPLY COMPANY. Tu lsa 
PENNSYLVANIA 
Ml LG RAY /DELAWARE VALLEY, INC., Philadelphia 
RADIO PARTS COMPANY, INC., Pittsburgh 
TEXAS 
HARRISON EQUIPMENT COMPANY, INC., Houston 
MIDLAND SPECIALTY COMPANY, El Paso 
Tl SUPPLY COMPANY, Dallas; Houston 
UTAH 
STANDARD SU PPLY COMPANY, Salt Lake City 
WASHINGTON 
ALMAC-STROUM ELECTRONICS, Seatt le 
WASHINGTON, 0.C. 
ELECTRONIC WHO LESALERS, INC., Washington 
Ml LG RAY / WASHINGTON, Hyattsville, Md. 

23newTTL 
circuits from TI 

Series 54/74 features three levels of speed and power dissipation 

Typical Characteristics Gate Flip Flop 
Propagat ion delay 6 nsec 17 nsec 
Power dissipation 22 mW 80 mW 
Noise immun ity 1 V 1 V 
Fan-out 

Standard loads 12 12 
High-speed loads 10 10 

16 Series 54H/74H high speed 
circuits feature 6 n sec 
propagat ion delay 

This line offers the highest speed 
available in saturated logic ___ six 
nanoseconds per gate. Applications 
include critical portions of digital 
systems such as high speed compu­
tation and data processing sections. 

Series 54H/ 74H circuits may also 
be combined with standard and low­
power TTL circuits in a single sys-
tem __ _ giving you the advantage of 
speed where it is required while 
keeping system power consumption 
low. 

Sixteen circuit functions include 
AND gates as well as NAND so 
you can design simpler less costly 
systems. 

Circle 210 for data sheets. 

Typical Characteristics Gate Flip Flop 
Propagat ion delay 13 nsec 
Power dissipat ion 10 mW 
Noise immunity 1 V 
Fan -out ID 

27 standard Ser ies 54/74 
circuits include cost-saving 
complex function devices 

40 nsec 
60 mW 

1 V 
10 

Standard Series 54/7 4 integrated 
circuits offer a combination of speed 
and power dissipation best suited 
for most applications. When used 
with the new high-speed and low­
power circuits, they provide today's 
system designer with unprecedented 
flexibility .. _in selecting speed and 
power requirements. 

Twenty-seven circuits are offered 
in the standard line, including many 
complex-function devices that per­
form up to forty gate functions. 
These complex-function circuits 
enable you to cut costs while sim­
plifying system design and :mprov­
ing reliability. 

Circle 211 for data sheets. 

Typical Characteristics Gate Flip Flop 
Propagation delay 33 nsec 47 nsec 
Power dissipation 1 mW 3.8 mW 
Noise immun ity 1 V 1 V 
Fan-out 

Standard loads 1 1 
Lower-power loads 10 10 

New ser ies 54L low-power 
ci rcuits feature 1 mW per ga te 
power drain 

This line of four circuits features 
power requ irements less than one­
tenth that of standard circuits _ . _ 
yet speeds are approximately twice 
as fast as other circuits with similar 
power dissipation. 

Tl's Series 54L/7 4L circuits are 
specifically designed for space sys­
tems, avionic systems and other 
applications where power consump­
tion and heat dissipation are crit­
ical. They may be combined with 
standard and high-speed Series 54/ 
7 4 circuits to provide almost any 
desi red speed / power dissipation 
combination the system designer 
requires. 

Circle 212 for data sheets. 



New additions reduce cost 
and improve performance of 
systems using Series 54/7 4 TTL 

With three speed ranges, three 
power dissipation levels, two lead . 
arrangements, two packages, and 
two temperature ranges, Tl's Series 
54/ 74 family of 47 TTL integrated 
circuits is industry's most versatile 
and complete logic line. All circuits 
use the same 5 Volt supply voltage 
and all use the same familiar TTL 
design rules. 

Here are three new additions to 
the standard line that open the way 
to further cost reductions and im­
provements in performance. 

SN7475 quadruple bistable latch 
replaces four flip flops 

CLOCK 
IQ 2Q 2Q 1·2 GNO 

This specialized circuit was de­
signed for readout tube applica­
tions. When used with the SN7490 
decade counter and the SN7441 
decoder/ driver, the SN7475 will en­
able you to realize substantial sav­
ings in overall system costs. 

This latest addition to Tl's grow­
ing group of complex-function cir­
cuits features a propagation delay 
of 30 nanoseconds. Power dissipa­
tion is 40 mi11iwatts per latch. 

Circle 213 for data sheet. 

SN5401 NAND gate features 
open collector output for 
"Wire-OR" logic 

This circuit enables designers to 
employ the economical "Wire-OR" 
logic function to simplify system 
designs. With the open collector out­
put, the "collector-OR" function is 
built-in, permitting outputs to be 
connected directly. 

Standard Open Collector 
Output 

Before this circuit was developed, 
"Wire-OR" logic could only be used 
with DTL and RTL circuits. Now 
system designers can take advan­
tage of this simplification and still 
benefit from the speed, economy and 
noise immunity of TTL. 

Circle 214 for data sheet. 

SN5402 NOR gate reduces 
package count an d 
propagation delays 

Here is a quadruple 2 input NOR 
gate that performs the "Not-OR" 
logic function directly. It eliminates 
the need for three or four N AND 
gates, making possible a 100 per­
cent speed improvement as well as a 
67 percent reduction in gate count. 

B 

lk!1 

Y= A+ B 

130!1 

OUTPUT 

y 

Designers may use the SN5402 
with other Series 54/7 4 circuits ... 
including complex - function types 
... to reduce overall system costs 
significantly below that possible 
w.ith any other logic types. 

Circle 215 for data sheet. 

No other high-performance IC 
family is as complete, versatile and 
economical as Series 54/ 7 4 TTL 
from Texas Instruments. For more 
information, contact your nearest 

TI field sales engineer ~ 
or authorized distribu- •n 
tor, or write P. 0. Box 'UI 
5012, Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
I NCORPOR A TED 

EDN 
MAC3AZINE 

MICROELECTRONICS 

Compatible microelectronic circuits are 
looked at this month with an eye toward 
what makes them compatible. Author 
Marder discusses the internal simi­
larity of these circuits and provides 
guidelines from which compatibility can 
be recognized. The end result is more 
versatility for optimizing that system. 

A second article entitled "Multiphase 
Clocking-A Natural for MOS" demon­
strates the advantage of new circuit de­
sign. Author Collymore develops the 
argument for multiphase clocking with 
MOS devices and shows how this tech­
nique reduces the size of the circuit chip, 
reduces power dissipation and, at the 
same time, increases operating speed. 

Bob Koeper, 
Microelectronics Editor 

THE ELECTRONIC ENGINEER'S 
DESIGN MAGAZINE 



Compatible Circuits Boost Design Flexibility 
If certain circuit characteristics are similar among different logic forms, 
the ci rcu its can be intermixed for optimization. Here's how one major IC 
manufacturer is able to provide circuit compatibil ity. 

The present trend in digital design is to obtain 

maximum operating frequency with maximum effi ­

ciency utilizing integrated circuits. The nature of_ a 
co mplex system, be it a co mpu ter , co ntrol apparatus 

or a s imple fun ction box, dictates tha t to optimize 

overall system design, slower devices must be used 

to translate high-rate elec tronic fun ctions to usable 
machin e or hum an language. It is obvious that for a 

50-MHz co unter , only th e fi rs t s tage must operate at 

maximum s peed. In a computer central process in g 

unit , an arithme tic adder must operate at top s peed, 

but peripheral co mponents accepting end res ults 

could operate more slowly without decreasing over­

all system s peed. 

Current Sinking 

The trend of most system designers is to utili ze 

one type of element throu ghout a syste m where only 

a small secti on demands thi s kind of element. Thi s, 

of course, necessita tes stringent des ign rules 

thro ughout th e system and additi onal costs in power 

4.5v;;; Y CC;;; 5.5v p DISS. • lmw 
LPDT.ul 

tpd • 60 nsec 

and pac kaging associated with high-frequency 

elements. 

To incorporate different logic elements into a 

single system that requires a co mbination of hi gh­

and low-speed logic with tailored power consump­

tion requires th at co mmon characteris tics of th e 

logic elements be esta bli shed. 

However , in order to determin e th ese co mmon 

characteris tics, the design engineer must delve into 

a mass of specifications that acco mpany each cir­

cuit. This requirement presents quite a time­

consuming proble m to the engineer. Thi s article will 

describ e the compatibility of current-sinking logic 

elements th at will enable the design engi neer to ta ke 

adv antage of co mpa tible circui t charac terist ics 

with out compli cating hi s design rules . 

Compatible Circuits 

Three major integrated-c ircuit fa mili es will be 

used to illustrate the simplic ity of this current­

sin king concept. These famili es represent high-

4.5v:; Yee;;; 5.5v DT.ul 
P DI SS . - 8 mw 

tp d• 36 nsec 

speed, medium-power TTL logic, medium-speed, 

low-power DTL logic and medium-speed, very 

low-power DTL logic . 

A basic common feature that often is ignored is 

the fact that logic -signal levels are contained with ­

in the external electrical references; that is, the 

logic-signal swin g never exceeds the power-s upply 

voltage or goes below ground level. 

These two reference levels, which are common to 

th e entire sys tem and the extern al world , obviously 

are susce ptible to environm ental noise and may 

interfere with logic propagation. A noise-free 

channel exi s ts between the V ee and ground for cur­

rent-sinking ele ments . Current-sinking logic ele­

ments set their own signal levels by input and out­

put interconnection and by the level-settin g ele­

ments within the circuit. 

Design Similarity 

The common charac teri s tics of the three families 
mentioned are th e result of compatibl e circuit de-

4.5v;; Yee:; 5.5v 
TT.ul 

Poi ss . • 11 mw 

tp d= 6 nsec 

Fig. 1-Schematic of the three compatible circuits illustrates why operating characteristics are similar. 



Abr a h am Mard er has 
been with Fairchild Semi­
conductor for 1 year. Hi s 
duties include promotion of 
new products , es tab lishing 
des ign needs for digi tal 
IC 's and product engineer­
ing. He holds a B.S.E .E. 
from City College of 
New York. 

sign exhibiting similar internal-circuit co nfigura­

tions. Examination of circuit behavior (Fig . l ) 

shows this co mpatibility. When th e output of all 

circuits is at the ZERO level, there are three 

forward-biased diodes and one reverse- biased diod e 

isolating the input from th e output. 

In the LPDTL series (Fig. 1 a ), the three diod es 

are base-emitter diodes of transis tor Ql , Q2 and 

Q3. In the DTL se ries (Fig. lb), the three diodes 

are the outpµt trans is tor Q2, the input transi s tor Ql 

and the diod e CRl. In the TTL seri es (Fig. 1 c), 

the output transis tor Q3 and th e split-phase tra n­

sis tor Q2 base-emitter diod e constitute two diodes, 

while the third is the base-collec tor diode of the in­

put transis tor QI operated in the inverse mode. The 

reverse-biased isolation diode is a normal base­
emitter diode. 

Design Advantages 

The main advantage of using three diodes as 
level-se tting devices is that all three circuit types, 
although having different power co nsumption and 
s ustainin g different currents, have the same logic 
levels. The importance of equivalent logic levels 
is illus trated when compatible circuits are used 
in the same sys tem. T he same d-c noise immunity 

is expected as well as th e same shift in direction and 

magnitude of signal levels under te mperature and 

supply variations. 

A detailed examination of th ese c ircuits shows the 

similarity of output driving capability and the in­

ternal constraints of each element. 

When th e output is at th e ZERO level (Fig . 1 ), 
th e element is sinking current from the load through 

the saturated transis tor only. When the output is 

(Co ntinued) 

New ·from Sprague Eleclricl 

bandwidth 

voltage gain 

This is an outstanding performance characteristic 
of Sprague UC-1514A Ceracircuit® Amplifiers. 

They also feature excellent stability of gain and d-c out­
put operating point, in addition to providing complete 
short-circuit protection. 

The first of a new series of Ceracircuit® amplifier 
modules, Type UC-1514A is well-suited for video and 
audio, as well as communications applications. 

Manufactured by the hybrid thin-film technique, 
Ceracircuit® Amplifiers offer substantial size and weight 

MHz 

dB 
reduction in addition to reliable, stable operation over 
the entire operating range of -55 C to + 100 C. Their 
precision planar metal-film resistors have an extremely 
low noise level and excellent load-life stability. Semi­
conductor devices are mounted on small ceramic wafers 
which, in turn, are bonded in a leadless configuration 
to the basic thin-film circuit. 

Type UC-15 l 4A Ceracircuit® Amplifiers are en­
capsulated in low-loss, resilient resin-filled, pre-molded 
epoxy cases which provide rugged mechanical protec­
tion as well as dimensional consistency. 

For complete technical data, write for Engineering Bulletin 
22111 to Technical Literature Service, Sprague Electric 
Company, 491 Marshall Street, North Adams, Mass. 01247 

SPRAGUE COMPONENTS 

THIN -FILM MICROCIRCUITS 

INTEGRATED CIRCUITS 

TRANSISTORS 

CAPACITORS 

RESISTORS 

PULSE TRA NSFORM ERS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TO ROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBI N and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CON TROLS 

FUN CT IONAL DIGITAL CI RCUITS 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spra1u1' and ·@· are reaistered tr1demarks ol th e Spr11ue Electric Co . 

Circle No. 26 on Reader Service Card for more information. 
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Acres of 
design freedom 
in subminiature 

switches 

Iii' 
SM Series : 

Popular 
subm1n1ature 

prec1s1on switch; 
up to 10 amps. 

HM Series! 
Hermetically sealed 
in meta l and glass. 

SE Series : 
Environment-proof 

version of SM. 

Switches shown 
approximately 

actual size. 

SX Series : 
Smallest SP OT 

snap-action switch. 

MICRO 

•• 

XE Series: 
Environment-proof 

version of SX. 
epoxy sealed. 

• 

• 
You can quickly zero-in on exactly what you need when you 
turn to MICRO SWITCH. And. you may even pick up some 
new ideas to help you work out circuit or packaging problems. 

Because here you have the industry's largest selection of 
subminiature switches-allowing you to meet any combina­
tion of requirements-size, weight. circuitry, electrical capac­
ity. actuation. environment and reliability. 

And. every one is an off-the-shelf item. 

The reason: M ICRO SWITCH specializes in switches­
has been the industry leader for over 30 years . 

You can take advantage of th is design freedom by calling 
a Branch Office or Authorized Distributor (see Yellow Pages 
"Switches-Electric"). Or, write for Catalog 50. 

MICRO SWITCH 
FREEPORT, ILLINOIS 61032 

A DIVISION OF HONEYWELL 

HONEYWELL INTERNATIONAL- Sales and ser vice offices in all principal cities of the world . Manufacturing in Un ited States, United Kingdom, Canada, Netherlands, G erman y, France. Japan. 

Circle No. 27 on· Reader Service Card for more information. 

Design Flexibility (Cont'd) 

at th e 0 E level, 1he oulput is driving c urrent into 

th e load , a nd whi le thi s is acco mpli shed, th e bottom 

c irc uit (in blac k) and th e input c irc uit are in th e 

OFF co ndition. For each output level a separate 

circuit (s hown in blac k and red) within the devi ce 

is e ither ON or OFF. 

Assuming a 50-percent duty cycle, it ca n be seen 

that the c urre nt within th e device is alterna tin g. 

This mea ns th a t heat generated as a res ult of c ur­

ren t fl ow is minimized. Thi s allows th e elements 

in side th e devi ce to be mad e s ma ll e r in size, which 

will redu ce both internal stray capacitance a nd 

propagation delays. Circuit s peed also is increased 

by re moving s tored charge from lhe ci rcu it whi le it 

is in th e inactive co nditi on. 

Compatibility Analysis 

The firs t s tep toward compatibility is analysis 

of in put-ou tput voltage levels. Fig. 2 shows tha t 

all three se ries have s imilar input and output logic 

s wings ori e nted to guarantee minimu ni noi se im­

munity. The following equations s how that by inte r­

mixing worst-case ele me nts a minimum of 0.5v/d-c 

noise immunity is ach ieved. 

noi se immunity HIGH = V0 H - VTHH (1) 

noise immunity LOW = VTHL - V0 L (2) 

For maximum noi se rejection input an d output, 

impedance matc hing shou ld be conside red. LPDTL, 

DTL a nd TTL were des igned to accomp lis h a 

maximum possible match res tri c ted only by the ­

power ha ndling or eac h c ircui t. 

Note th a t in eac h c irc uit (Fig. l ) th e output, in 

the ZERO le vel , is associa ted with a low- impedance 

saturated tran sis tor. At. the ONE leve l, the output 

is driving curre nt. from a mod e rately high imped­
a nce. The corres ponding inputs of th e drive n 

de vice are low impeda nce at the ZERO level a nd 

high impedance at the 0 E level, res pec ti vely. 

Once th e interfacing capabi li ty is und erstoorl and 

sys te m noise ma rgins a re establi s hed, ce rtain rules 

NOISE I 
THH 1.7 12.7 VoH ..!.!!!:!.1.:9 - r Yott 

THL 0 9 :D-o THil:°t :D-o ___!v n 
. LPDTL V oL o.2 DTL Vol 0.4 

GROUND 

l 

NOISE I 
LEGEND, 

VTHH = One level threshold voltage 

V THL = Zero level threshold voltage 

V oH = One level output voltage 

Vol = Zero level output voltage 



for fan-oul and fan-in must be re ' olved. Tbe fol­

lowing table lisl the input and output current 

of each se ri es and should assist th e des i oer in 

understanding th e proper rul es of com patibility. 

LPDT DTL TTL 

101, Output current low ma 1.60 12.0 17.6 

(mi n) 

Ir Input current low ma 0.16 1.6 1.76 
(max) 

1011 Output current high 
(m in) 

111 Input current high 
(max) 

ma 

ma 

0.060 0.650/ 1.0 . 

0.160* 

0.001 0.005 

Exam pie: In terfacing DTL into TTL 

}OL )2.0 
Fan-out ::5 - = -- = 6.8 

Ir l.76 
" .. 

JOH 0.650 
Fan-out ::5 /; = O.lOO = 6.5 . '. 

l sing the smaller integer, fan-out = 6 
*!)TL wilh 2-kilohm pull-11/J 

Power-Supply Variation 

One should bear in mind tbat tbe preceding table 

lists worst-case numbers using conservative limits 

at extreme conditions and these numbers could be 

relaxed when controlled environment is considered. 
The posi tive power supp1y required for a]l com­

patible elements is 5v. Variation in power- supply 
voltage under practical conditions will affect all 
Lhree series in the same manner. Therefore, power­
supply variation consideration should be applied 
to the system as though only one series of lements 
was being u ed. 

The common shift of parameters r es ulting from 
power-supply shift allow for a 20-percent variation 

in voltage. Identical circuit design and process ing 

of th e three -.series contribute to common dynamic '" 
beliavior of the elements under temperature 
changes. This wiJJ free the designer from the tedious 

alculation oJ changes in parame ter as a re ult of 
temperature variations. • 

' .. , 

Fig. 2- Operating voltage levels for ZERO and 
ONE logic levels can be used to find both noise 
immun ity and fan-out. 

TYPICAL SPECIFICATIONS-Model 809CE 

• Offset Voltage Drift: 10µ.V/°C 

• Offset Voltage: 5 mV 

• Offset Current Drift: 1.0 nA/°C 

• Offset Current: 50 nA 

• Power Supplie·s: + 15 V 

•Power Dissipation: 90 mW 

•Compensation: 
40 db gain - none 
O db gain-two components 

• Monolithic Integrated Circuit 
in T0-78 or dual inline package 

Price: 1-99 
6.50 

•Common Mode Range: + 13 V 

• Common Mode Rejection Ratio: 90 db 

• Power Supply Rejection Ratio: 90 db 

• Gain: 40,000 

• Input Impedance: 200K n 
• Output Swing (SK load): 24 VP-P 

• Output Short Circuit Protected 

• Temperature Range: 
Operating 0°c to + 100°c 
Storage - 65°C to +150°C 

100-99 
5.85 

1000 
5.00 

10,000 
4.50 

Please compare the 809 with other Operational Amplifiers in the same price 
range, including the one you are now using, and buy the one you think is best. 

AMELCO SEMICONDUCTOR 
DIVISION OF TELEDYNE, INC. • 1300 TERRA BELLA AVENUE • MOUNTAIN VIEW, CALIFORNIA • Mail Address: P.O. Box 1030, 
Mountain View, California • Phone: (415) 968-9241 I TWX: (415) 969-9112 I Telex : 34-8416 • REGIONAL OFFICES: Southwest~ 
Su ite 213, 8621 Bellanca Ave ., Los Angeles, California 90045 , (21 3) 678-3 146 • Northwest- 1300 Terra Bella Ave., Mountain View, California , (415) 968-9241 
East-P. 0 . Box 2091 , Paterson, New Jersey, (201) 696-4747 • Southeast- 711 Magnolia Avenue, Orlando, Florida 32803, (305) 423-5833 • North11st-
805 High Street, Westwood , Massachusetts 02090, (617) 326-6600; 60 Broad Hollow Rd ., Melville , L. I. , N. Y. 11749, (516) 692-4070 • Mldwest-
650 West Algonquin Road , Des Plaines, Illinois, (31 2) 439 -3250 • Canada-Deskin Sales, Montreal , Quebec, (514) 384-1420. 



Multiphase 
Clocking 
A NATURAL FOR MOS 

Couple MOS fabricat ion simplicity 
with multiphase clocking and the 
result is less chip area, lower power 
dissipation and higher speed. 

The potential advantages of MOS dev ices in 

integrated digital arrays can be realized only if 

proper consideration is given to c ircuit choice. 

Although many circuit co nfigurations are possible, 

only one or two tak e advantage of th e unique prop­

erties of MOS devi ces to achieve a high figure of 

merit of fun ctional co mplexity per unit at high yield. 

An inverter that uses an enhancement-type MOS 

transistor as a load for th e inverting MOS transistor 

is shown in Fig . 1 . Although this c ircuit is a poor 

choice from a d isc rete-co mpon ent point of view, it 

possesses a very high fi gure of merit co nsidered in 

DRAIN-TO-SOURCE VOLTAGE (V0 5) 

Fig. I- Inverter circuit shows how enhancement-t ype 
MOS transist or is used as load and the resu lting 
load li ne. 

Walter A. Collymore is a se n­
ior engineer at ARI C Re­
search's Western Div. where 
he is a specialist in IC des ign 
and a nalys is of d igital sys te ms. 
He has ex tensive background 
in microminiature syste m de­
sign fabrication and checkout 
and is res ponsi ble for prepar­
ing and presenting portions of 
the company's Integral Elec­
tronics Train ing Course . This 
course deals with re des ign 
and analysis and sys te m engi­
neering cons iderations. Mr. 
Coll ymo re rece ived a B.S.E.E. 
from Univ. of Illinois in .l961. 
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The most 
significant standard 
product advance in 
large scale inte­
gration: Philco-Ford's 
pl51R100 dual 50-bit 
MOS shift register. 

Available now at a 
price of 61C per bit in 
quantities of 100. 
Full MIL or limited 
temperature ranges. 

For delivery 
information, call the 
following Division 
Sales Offices or sales 
representatives. 

CALIFORNIA 
Philco-Ford Sales Office 
2920 San Ysidro Way 
Santa Clara, California 
Phone: (408) 245-2966 

Philco-Ford Sales Office 
999 North Sepulveda 
Suite 414 
El Segundo, California 
Phone: (213) 772-6226 

COLORADO 
Straube Associates 
P. 0. Box 1649 
Boulder, Colorado 80301 
Phone : (303) 443-8600 
TWX: 910-940-3244 

CONNECTICUT 
J & J Associates 
953 Dixwell Avenue 
Hamden, Connecticut 06514 
Phone: (203) 624-7800 

FLORIDA 
Philco-Ford Sales Office 
1215 Drew Street 
Clearwater, Florida 
Phone: (813) 446-0124 

ILLINOIS 
The John G. Twist Company 
5222 West Diversey Avenue 
Chicago, Illinois 60639 
Phone: (312) 777-2250 
TWX: 312-265-1165 

IN DIANA 
R. 0. Whitesell & Associates 
6620 East Washington Street 
Indianapolis, Indiana 46219 
Phone: (317) 359-5374 
TWX: 810-341-3320 

Central Building, Room 272 
Fort Wayne, Indiana 46802 
Phone: (219) 743-4411 
TWX: 219-241-0894 

IOWA 
Technical Marketing Associates 
850 Lindale Drive 
Marion , Iowa 52302 
Phone: (319) 377-4555 

KENTUCKY 
R. 0. Whitesell & Associates 
3620 Lexington Road 
Lex-Manor Bui lding, Room 223 
Louisville, Kentucky 40207 
Phone: (502) 893-7303 

MASSACHUSETTS 
Philco-Ford Sales Office 
Northwest Industrial Park 
Second Avenue 
Burlington, Massachusetts 01803 
Phone: (617) 272-1600 

MICHIGAN 
R. 0. Whitesell & Associates 
16801 Wyoming , Room 109 
Detroit, Michigan 48221 
Phone: (313) 862-2225 
TWX: 313-342-0648 

303 Fidelity Building 
Benton Harbor, Michigan 49022 
Phone: (616) 927-2041 
TWX: Detroit Office 

MINNESOTA 
Technical Associates, Inc. 
6121 Excelsior Boulevard 
Minneapolis, Minnesota 55416 
Phone: (612) 929-6115 
TWX: 910-576-3400 

MISSOURI 
Technical Marketing Associates 
2050 Woodson Road 
Suite 210 
St. Louis, Missouri 63114 
Phone: (314) 427-3600 
TWX: 314-426-3149 

7546 Troost 
Kansas City, Missouri 64131 
Phone: (816) JA 3-7865 

NEW YORK 
Philco-Ford Sales Office 
New York, New York 
Phone: (212) 244-1373 

Graydon-Sherman Inc. 
Davis Building 
Fayetteville, New York 13066 
Phone: (315) 637-9611 
TWX: 710-541-0241 

Circle No. 29 on Reader Service Card for more information. 

OHIO 
R. 0. Whitesell & Associates 
Magek Building 
21139 Lorain Avenue 
Cleveland, Ohio 44126 
Phone: (216) 333-2585 
TWX: 810-421-8521 

4133 South Dixie Avenue 
Dayton, Ohio 45439 
Phone: (513) 298-9546 
TWX: 810-459-1827 

1172 West Galbraith 
Cincinnati, Ohio 45231 
Phone: (513) 521-2290 
TWX: Dayton Office 

1350 West Fifth Avenue 
Columbus, Ohio 43212 
Phone: (614) 488-9731 
TWX: Dayton Office 

PENNSYLVANIA 
Philco-Ford Sales Office 
Benson Manor, Suite 114B 
Washington Lane 
Jenkintown, Pennsylvania 
Phone: (215) 885-0430 

R. 0. Whitesell & Associates 
Penn Center Building 
201 Penn Center Boulevard 
Pittsburgh, Pennsylvania 15206 
Phone: (412) 242-0100 
TWX: Cleveland Office 

TEXAS 
Dunbar Associates 
417 Meadows Building 
Dallas, Texas 75206 
Phone: (214) 363-2536 
TWX: 910-861-4368 

WASHINGTON 
Philco-Ford Sales Office 
Suite 208 
700-108th Street, N.E. 
Bellevue, Washington 
Phone: (206) 454-5061 

WASHINGTON, D.C. 
Philco-Ford Sales Office 
815 Connecticut Avenue, N.W. 
Washington, D.C. 20006 
Phone: (202) 298-7810 

SPECIAL OFFER 
For your tree Philco-Ford MOS 
book, write to 2920 San Ysidro 
Way, Santa Clara, Calif. 95051. 

I PHILCD lll 
PHILCO-FORD CORPORATION 
Microelectronics Division 
Santa Clara, California • 95051 

For immediate sales contact, circle. No. 79!7. 

Multiphase Clocking (Cont'd) 

th e light of digital integrated arrays. Firs l, it uses 

Lh e absolute minimum area because, to operate at 

all, th e load MOS de vice mu st be s maller th a n the 

inve rtin g MOS de vi ce . 'Second , the processing re­

quired to fabricate the circ uit is minimized because 

th e load devi ce is made by the same process used 

for th e inverter devi ce. 

Operati on of th e circ uit d epends on controlling 

th e transco ndu cta nce ratio of the two dev ices . Al­

thou gh th e absolute valu e of transco nduc ta nce 

depends on a number of fac tors, including the oxid e 

thic kn ess under the gate , th e rati o is de te rmin ed 

by th e geom etries of the two d evices. Whe n ac· 

c ura te masks are used, therefore, the rat io can be 

held cons tant eve n with vari a tion s in process in g. 

Single-Channel Arrays 

The basic c irc uit s hown in Fig. I can be de· 

veloped into a wid e vari e ty of digital c irc uit ar; ays . 

P arallel co nn ection of th e inve rte r transis tor form s 

a NOR gate (Fig. 2a) while series conn ec tion (Fig. 

2b) form s a NAND gate . Wh e n th e NAND gate is 

c A 

A B 

0 
"::" 

@ 
"::" 

A B c A B c 
H H L H H L 
H L L H L H 
L H L L H H 
L L H L L H 
T rnth T oble Trut h T obl e 

Fig. 2 - MOS logic gates (a) parallel connection for 
NOR and (b) series-conneded NANO gate. 

used in conjunction with the NOR gate, th e res ult· 

in g configuration offers a high degree of logi c 

flexibility. Howe ver , th e seri es connection s uffers 

from the di sadvantage that the inverter tran sis tors 

must be twi ce as large as their parallel counterparts 

to maintain the sam e control of logic le vels. 

Clocking Schemes 

MOS logic circuits a re un ique in that temporary 

s torage is practical by relying on capacitor s torage. 

How ever, to use temporary s torage, cloc ked-gating 

(Conti.nued) 



EMI / RFI ·SHIELDED 
PUSHBUTTTON SWITCHES 

SUBMINIATURE EMl/RFl-SHIELDED 
INDICATOR LIGHTS 

STANDARD EMl/RFl-SHIELDED 
INDICATOR LIGHTS 

Fou r models, one with wide button . Cho ice of two 
a nd four c i r cu it mom entary, plus DPDT push - push . 
Ratings of 1 to 10 amps at 28 vdc ; 1 am p at 120 vac. 

Dom e, flat and flu sh mounti ng. L ens d ia meter of 
7/ 32", .22" and .383" resp ect ively ; 5v and 28v. S ix 
lens colors, plus c lea r. 

T ra nsl ucent a nd tra nsparent dome-type lenses. In ­
candesc ent, sta ndard neon and high- i ntensi ty neon 
la mps in a ll popular vo ltages. S ix lens colors, plus 
clear. 

These EMl/RFl-shielded switches 
and indicator lights available at 
Control Switch distributors now! 
S till m o re new EMl/ RFl-shielded components on the way. 

Need shielding from EMI / RFI leaks in panels 
and systems? Look to Control Switch ... first 
to introduce the types of shielded switches and 
l ights shown above. Now we are deep into the 
development of sti ll other shielded components. 
Tell us your requirements. We may be working 

® 

CONTROLS 
COMPANY 
OF AMERICA 

CO N TROL SWITCH DIVISION 
1420 D elmar Drive, folcroft. Pennsylvania 19032 

A Subsidiary of 

@ID Ge neral Precisi o n Eq uip ment Corp. 

on the component you need and be ab le to help 
you fast. Order EMI / RFl-shielded switches and 
lights from your Control Switch distributor, or 
contact us direct. 

FREE B ULLETIN I 
Check number on Reader Service Card corresponding to 
number at lef t below for our Bulletin on EMI/ RF I-shielded 
components. While you 're at it, get all the items listed below. 

#30 EMl/RFl-shielded Component Bulletin 62A 

#31 condensed Switch Catalog 100 

#32 Basic Snap-Action Switch Catalog 110 

# 33 Toggle Catalog 180 

# 34 Indicator Light Catalog 120 

# 35 Hermetic Switch Catalog 130 

# 36 Switchlite Catalog 220 

# 37 Pushbutton Catalog 190 

Multiphase Clocking (Cont'd) 

sc hemes are necessary. These sc he mes are limited 

to applications whe re computa ti on speeds are in 

excess of a few kiloHerlz (kHz). 

Two-Phase Gate 

A two-phase gate is s hown in F ig . 3 . In thi s co n­

figuration, two cloc ks, <Pl and </J2 , are applied to 

th e gate: </Jl leads </J2 and does not ove rlap </J2. 

v 

(ABC ... ) 

Fig. 3- Schematic illustrates 
the advantage of clocking 
the MOS gate. 

•,--J 
I .. 

Wh en <Pl comes lrue, th e gate is unco nditionally 

se t true by charging th e output ca pac itance lo a 

pos itive voltage. Wh e n </>2 co mes tru e, the gate is 
co nditionally set false as a fun ction of th e A, B 
and C terms in th e ground path . 

Resis tances of the gro und path and the V path 

are inde pe ndent; thu s. th e logic configuration is 

arbitrary and the response tim e, when the output 

is going posi tive, can be improved. If improved 

res ponse tim e is not required, th e n the sys tem will 

permit the use of slower and s maller dev ices in the 

IN 

Fig. 4- Four phases appl ied to MOS sh ift registe r. 



ground path that in turn allows more complex fun c­

tions to be mechanized in th e same area. Further, 

since cpl and ¢2 are not on sim ul taneously, the d-c 

curre nt is reduced because V is only required to 

supply trans ient current (that is , capacitor c urrent) 

as opposed to d-c current in a single-phase gate. 

Four-Phase Clock System 

The two-phase gate can be applied to a full- scale 

system if a four-phase clock sys tem is used. One 

s tage of a s impler s hift regis ter can be mechanized 

as shown in F ig . 4 . 

The shift-registe r stage s hown may be classified 

as two parall el devices with iso lated output. The 

s hift-regis ter stages are a very s imple exam ple of 

the more ge neral case illustra ted in F ig. 5 wh e re 

th e cross hatc hed boxes can co ntain co mplex logi c 

functions mec hanized by series/ parall el paths. 

Fig. 5- Four-phase logic mechanization. 

In ge neral , th e desired logic fun ctions will in­

volve AND-OR co mbin ati ons of the generated fun c­

tions and inverses of A D-OR co mbinations of 

generated fun ctions. To provide thi s capability, 

th e syste m illus tra ted in F ig. 6 can be used. 

The inputs to a logi c bloc k must be s tab le 
sli ghtl y before the V path is disabled a nd re main 
s table until the ground path is enabled and di sa bled. 
The timing diagram of F ig . 7 shows th at th e re­
quired conditions are sati sfi ed. 

Conclusions 

The MOS tran s istor is we ll suited for co mpl ex 

logic function s on a s ingle di e because of th e s mall 
dev ice s ize, low power , te mporary storage capabi lity 

and perhaps most important, th e s imp le process 

that can lead to hi gh yields. The use of a multi­

phase clocking system maximizes th e advantages of 

th e MOS device and makes possible th e interco n­

nection of up to 1000 dev ices on a single di e by 

us ing single-layer metallization. 
The main drawbac k to wid e-scal e use of MOS 

integrated-circuit arrays is th e apparent 2-MHz 

{Conti1wed) 

Tips on cooling 
off hot transistors 

No. 2 qf a Series 

See how circu it designer s use IERC heat dissipaters to protect semiconduct ors ... 
improve c ircuit performance and life. 

A 2Nl837 transistor mounted only to a p-c board with IERC's 
unique LP dissipator can be operated at 5 watts with a junction 
temperature of only 153°C. The LP's clamping method makes 
good thermal contact on both surfaces of the transistor fl ange, 
minimizing thermal resistance from transistor to dissipator. 

Heat from power transistors or diodes is quickly dissipated with 
IERC's HP dissipators. Large finger area maximizes efficiency in 
natural convection or forced air environments. Staggered-finger 
design which prevents finger surfaces from "looking at each 
other;' radiates heat to the ambient, not back to the cliss ipator. 

Send for test reports. The most thorough test reports in the indus­
try are available on IERC Heat Dissipators. These are multi­
page reports complete with graphs showing case and junction 
temperatures vs. power d issipation for transistors in several 
mounting conditions. Please indicate which test reports you 
wish-LP, UP, HP or Therma-Link. On your company letter­
head, please. 

Mounting matched transistors for ther­
mal stability so electrical character­
istics stay identical is simple with 
back-to-back Therm a-Link dissipa­
tors/retainers. Also used as heat sinks. 

Fan-top dissipators increase transistor 
performance levels, permit use of 
cheaper transistors. Note how design 
needs no board space, permits other 
components to be positioned close by. 

• 

1erc 
SEMICONDUCTOR 
HEAT DISSIPATORS 

New dissipator for T0-66 tran­
sistor uses only 1.7 sq. in. of 
board space. IERC's unique, 
staggered-finger design dissi­
pates 9 watts with case tem­
perature of less than 150°C. 

Free 8-page catalog gives com­
plete pictorial and ordering 
data on IERC dissipators, re­
tainers and tube shields, also 
prices. Send for a copy. 

)* -· ~::---~ 

,., 
-~ 

.INTERNATIONAL ELECTRONIC RESEARCH CORPORATION • A corporate division of Dynamics Corporation of America~' 135 West Magnolia Ave.• Burbank, Calif. 91502 

Circle No. 38 on Reader Service Card for more information. For immediate sales contact, circle No. 796. 



CLOSER SPACING board-to-board 
SERIES 371 MOLDED CA·RBON POTENTIOMETER 

.200 

200 t_ 
. :rl-.o,, 

MOLDED BRACKET 

EASIER ADJUSTMENTS at right angles ... 
SERIES 371RA1 FOR PRINTED CIRCUIT BOARDS 

When it comes to resolving big pot problems and confining them to a small space, Clarostat has 
the know-how. It brings them down to size. 

In printed board applications where mounting is critical, the Clarostat 371 molded carbon 
trimming potentiometer provides maximum unit surface economy and permits closest board-to· 
board spacing. Elimination of the shaft and seal brings down costs as well as dimensions with 
the entire potentiometer limited to a minimum number of parts including a hot molded carbon 
element, carbon contact brush, pressure spring and cover. 

Clarostat Series 371RA1 holder mounts are made of " Zytel 101" nylon with design rigidly en ­
casing the leads at right angles to the pot even when · mounted side-by-side on plug-in circuit 
cards. This permits easy adjustment of the trim pot body. Ends protrude from the mount on 
.l " grid centers. Since the Series 371RA1 is a bonded assembly, it should be specifically ordered. 

SPECIFICATIONS 
Series 371 & 371RA1 Molded Carbon Potentiometers 

Resistance Range: 1000 to 1 Megohm. 
Resistance Tolerance: ± 20% Standard, ± 10% Special. 
Power Rating: .375 watt @ 70°C, derated to o watt @ 120°c. 
Taper: linear. 
Dielectric Strength: Va riable arm hot to case . 

Working Voltage: 350 Vac max im um. 
Mechanical Rotation: 290° ± 5°. 
Stop .Torque: 20 oz.in. 
Operating Torque: 7.0 oz. In. maximum. 

CELARC>STAT 
C L AROSTAT MFG. CO., INC. DOVER, NEW HAMPSHIRE 

Circle No. 39 on Reader Service Card for more information. 

Multiphase Clocking {Cont'd) 

upp er frequency limit. There are, however , man y 

sys te ms (both comm erc ial and military) that do not 

require a high frequ e ncy of operation. These s ys· 

te rn s can take advantage of th e reduction in s ize, 

weight and power offered by MOS integrated­

c irc uit a rrays . • 

Reference 

ARINC Research Corp. "lntegrnl Electronics Training 
Co11rsr Nnt rhnnk" . 

b, 

b, 

b 

-= <1' 3 - ¢ 4 

Fig. 6 - General mechanization of four-phase logic. 

b, 

BLOCK A INPUTS 

BLOCK B INPUTS 

BLOCK C INPUTS 

BLOCK D INPUTS 

o, 

Fig. 7 - Four-phase t iming dia.gram illustrates how 
input stability requirements are satisfied . 
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~. By offering 
633 digital circuits 

and 37 linear circuits! 

• 

' 

MOTOROLA Serniconductor •Products Inc. 
• f,,. 
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Circle No. 28 on Reader-Service Card for more information. For immediate sales contact, Circle No. 794. 

CIRCUITS 
AND 

SYSTEMS 

The designer looking for an RF amplifier 
to be used in the UHF bands, with im­
proved noise figures, will find the story 
on p. 42 of interest. A breadboarded 
parametric amplifier could fill the bill. 

The widespread Northeast blackout in 
1965 was an expensive lesson to many 
engineers caught without backup power 
supplies. Other than groping around in 
the dark looking for candles, how can 
you prevent those blackout blues? We 
have an article on the subject, p. 48. 

Electrons do a very good job of initiat­
ing explosives - even when you don't want 
them to. This month on p. 52 we take a 
look at a laser-detonated explosive sys­
tem that effectively eliminates premature 
explosions caused by stray electro­
magnetic or RF energy. 

Microwave heating and drying of thin 
or filamentary materials are relatively 
unsatisfactory. Production, located in 
Los Angeles, provided us with a story of 
its microwave dryer that minimizes these 
limitations. 

Al Horne, 

Circuits and Systems Editor 

THE ELECTRONIC ENGINEER'S 
DESIGN MAGAZINE 
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Breadboard Your Paramp 
Looking for an RF amplifier to be used in the UHF band with improved noise figures? 

A breadboarded parametric amplifier could fill the bill. 

SIGNAL 
GENERA­

TOR 

PUMP 

TWT POWER 
AMPLIFIER 
(l w max) 

PUMP MATCH 
AND TUNE 

STUB 
STRETCHER 

LINE 
STRETCHER 

INPUT (360 MHz) ----<M 
FERRITE 
CIRCULA­

TOR 

VARACTOR .• 
DIODE 

rt 
f 

DOUBLE 
STUB 

TUNER 

DIFFERENCE IDLER 
TUNE AND MATCH 

ADJUSTABLE 
SHORT 

VARACTOR 
,__ ___ BIAS 0-12v 

ADJUSTABLE 

Fig. 1- Initial breadboard block 
diagram for 360-MHz parametric 
amplifier. ~--------• OUTPUT (360 MHz ) 

PUMP 
(l w, 5450 MHz) 

IDLER 
/TUNE ~ 

5 

VARACTOR 
DIODE 
r------. 
I I 

I 

:L 

SIGNAL TUNE 
(STUB 
STRETCHER) 

SIGNAL OUT 
(360 MHz) 

Fig. 2- Schematic of the 360-MHz parametric amplifier s howing all tuning adjustment stubs. 

A para mp to be used as a n RF amplifier in th e UHF 
band ca n be designed by ana lysis a nd breadboard 

c irc uits . Pump power, noise figure and pump fre­

quency us uall y ca n be determined a nalyticaJly. 

Howe ve r, intermodulati on, bandwidth and dynami c 

range can bes t be dete rmin ed by co ns tructing: a 
coaxial breadboard of the device. 

Basic Decisions 
An imm ediate co nside ration in the design of th e 

para m p is the choi ce of varactor. Thi s choice res ts 

upon inte rmodulation a nd nois e fi gure. The firs t 

require me nt is met more a ptly by an alloy junction 

than a diffused junction beca use th e a ll oy juncti on 

ex hibits a n excellent sq uare-law c haracteris ti c. 

The seco nd requirement of low noise fi gure can be 

met more easily by a hi gh c utoff fre qu e ncy varactor. 

Analysis has s hown that th e high er the cutoff fre­

que ncy of the varactor, th e lower is th e obtainable 

noi se fa c tor. 

A s pec ifi c gain ca lculation for th e paramp does 

not le nd itself to direct analys is beca use it depe nd s 
upon th e match of the positive source res istance to 

the nega tive tran sdu cer impedance, which c har­

acterizes a pumped ca pacit y in th e lower s ideband 

mod e. The bandwidth of th e paramp is similarly 

not analyzed because of its direct de pe nd ence on 
the gain. Both of th ese characteri s ti cs should be 

expe rim e ntally obtained for this reaso n. 

Br:eadboard Design 
The complete circuit for the paramp des ign is in 

Fig. 1. The pump c i-rc uit consists of a 618B 

H ewlett Pac kard signal genera.Lor foU owed b y TWT 

powe r amplifi e r that was capable of produ c ing a 

maximum of 1 w of pump power with a ga in of 30 db. 

The frequ e ncy was in th e 5-GHz region si nce th e 

available TWT would be most effective a t thi s fre­

quen cy and the overa ll de terioration on the noi se 

factor of th e paramp from optimum would be 

negli gibl e. 

A variab le short and line s tretcher match and tun e 



the pump into an equivale nt 1.2 ohms (R
8

) of th e 

varactor. A pair of adjus ta ble shorts is tun ed as 

resonant circuit for the idler frequ e ncy. The signal 

circuit tun e and match adjustments are made with a 

s tub s tre tc her. The input circ uit also requires th e 

use of a fe rrite circulator, which should have an 

isolation characteri s tic of about 10 db beyo nd th e 

gain of the amplifier to ins ure s tabilit y. (The 

s tabi lity of the paramp would be co mpromised 

se ve rely by change of input impedance since th e 

input impedance determines critically the amount 

of gain that the paramp produces .) For the bread­

board paramp, a Melabs circ ulator with 25-db 

isolation was used. 

In th e circ uit shown in Fig . 2 , the varactor is 

pumped i.n series with th e s ignal loop. Since th e 

signal matc hing circ ui t has a very coarse adju s t­

ment for the s ignal frequ ency, it a lso ca n be used 

as an adjustment for the pump frequ e ncy. Thus, 

the s ignal tun er (6 and 7) is used as a signa l­

and pump-matching circ uit si multaneo usly. 
The pump-tuning adjustment requires a pre­

liminary adjustment of all seve n tunin g eleme nts . 

The following adjustments should be made with a 

scope a nd a C-band detector to monitor the cir· 
culator output and a directional couple r with power 

me te r to measure the reflected pu mp power. Stub 7 

is adjusted so that a minimum voltage is de tected 

by the sco pe. Stubs 3 and 5 should be adjusted for 

maximum voltage at this point. The other three 

adjus tm e nts (1, 2 and 6) are mad e so that a minimum 

of reflected power is meas ured at th e pump source . 

Thi s procedure matches the pump to th e varactor 

Th e autho r, Joseph Klarl, is an electronic des ign engi· 
neer in the Comm unica tions Sec tion, Martin Marietta 
Corp .. Orlando, Fl a. He received a B.A. from Marquette 
Un iversi ty in 1953. a B.S.E.E. in 1957 and has don e post· 
grad ua te work in math a t lllinois Institute of Technology. 
The a rticle is th e result of some of the research in high 
dynamic range, sol id -s tate RF a mplifie rs a t Martin 
Marietta. 

(Contir111ed) 

You asked 
for faster 
resistor deliveries. 
Corning built a new plant. 

Now your resistor delivery problems are solved! Our new Wilmington, 
N. C. , resistor plant is on stream right now in full production. 
Our Bradford, Pa., resistor plant is going full tilt. 
Together, these facilities now are turning out CORNING® Glass 
Tin Oxide Film Resis tors in the quantities that assure you prompt 
delivery in the styles, the sizes, and the volumes you require. 
And that covers general-purpose, semiprecision, precision, 
high reliability, low power, high power, and water cooled resistors. 
Try us. Through your Corning distributor or, for the really 
big numbers , direct. Corning Glass Works, Electronic Products 
Division 3901 Electronics Dr. , Raleigh, N . C. 

CORNIN G 
E L EC T RO NIC S 

Circle No. 40 on Reader Service Card for more information. For immediate sales contact, circle No. 797. 



Our new three phase vacuum contactor is 
guaranteed in excess of one million operations 
without adjustment or contact maintenance! 
ITT Jennings' new three phase 
600 v, 300 amp vacuum contactor, 
designed for use in electronic 
equipment that requires NEMA size 
4 and 5 contactors , is guaranteed 
for more than one million mechanical 
and electrical operations. 
It costs no more than other contactors 
of its power class, yet it does the 
job with about one-half the size and 
weight of conventional contactors, 
and the vacuum sealed contacts 
never need maintenance! 

New ceramic-bodied vacuum 
interrupting elements make this 
contactor the most compact three 

phase contactor available in its power 
class, and provide the same high 
quality that has made other 
ITT Jennings vacuum switches 
famous . It will outperform and outlast 
anything you may be using or 
contemplating in the 600 v, 
200-300 amp continuous cu rrent 
contactor field . And because the 
contacts are vacuum sealed , 
it can be used in explosive or other 
hazardous locations. 

Whether you are designing new 
equipment, or your present 
equipment is obsolete or needs 
replacement - find out today about 
the ITT Jennings three phase 
contactor. It's great as a motor 

Circle No. 41 on Reader Service Card for more information. 

control , as a circuit breaker to 
3000 amps rms interrupting capacity, 
or as a control for transformer 
and general industrial plant loads. 
Its small size and simplicity allow 
it to fit easily into new or existing 
installations. And of course it's 
backed by ITT Jennings ' more than 
24 years experience in the design , 
manufacture, and testing of 
vacuum electronic components . 

Write today to ITT Jennings , 
a division of International Telephone 
and Telegraph Corporation, 
970 Mclaughlin Avenue, San Jose, 
California 95108. 

Jennings ITT 
For immediate sales contact, circle No. 798. 

Paramp (Cont'd) 

diod e. The s ignal matc hing circ uit is 

now adj usted to the varactor by maxi­

mizing th e 360-MHz s ignal whose 

modulation can be moni tored on th e 

sco pe. Similarly the idler s tubs (3 a nd 

5) are adjusted until th e 360-MHz sig­

nal is maximized . Trimming of the 

pump ci rcu it now can be made a nd the 

amplifier is operational. 

The interaction between the signal 

source a nd the pump source is at a 

m1111mum since quarter- and half­

wave s tubs are used fo r isola tion. The 

signal is isola ted from th e pum p by a 

s tub that is s horted by a 2-pf capacitor. 

The pump is isolated from the signal 

by s tub tun e r (7) and by the circulator. 

The photograph of the varactor hous­

ing (Fig. 3 ) s hows the bias stub through 

which varactor bias is appli ed and th e 
method of mounting the varactor diod e 

in th e assembly. 

T est 

Gain up to 30 db was attainable by 

adjusting th e pump powe r. Above 30 

db th e adju s tments we re so critical 

that oscilla tions would occur with th e 

sli ghtes t c hange of almos t any tuning 

parameter , a nd th e amplifier was un ­

controllable. The bandwidth was 3 

MHz at 30 db of gain. It was 12 MHz at 
th e half-powe r points with 10 db of gain. 

An attempt to measure noise fac tor 
yielded inconclusive res ults . The noi se­
fi gure mete r would read anywhere 
between 8 and 0 db with idler tuning. 
However, these readings were sus-

Fig. 3- Heart of the parametric 
amplifier. 



peeled and it ap peared tha t th e signal 
circuit was so cr iti cal to source imped­
ance at 30-db gain that th e paramp 
would be unstable when th e automati c 
noise-figure instrument fired th e argon 
noise tube. The noise-factor in stru ­
mentation problem was not resolved 

satisfactori ly. 
The upper limit of dynamic range as 

indicated by the 1-db compression 
point of a -50-dbm signal (whic h is 
th e minimum visual signal of the 
spectrum analyzer) was about -5 dbm 
for an interferin g s ignal in th e band­
pass of the device. Thus, th e ampl ifi er 
shows a high dynamic range capab ili ty. 

The intermodulation products were 
45 db down fro m two signals that were 
at a - 24-dbm level in the bandpass of 
th e paramp. They were only 25 db down 
from - 10-dbm signals. 

The stab ility of the amplifi er was 
reasonable und er 16 db of ga in , and 
even though it is sensitive to pump 
power variation , it does not indicate 
any very cr itical parameters . However, 
it is advisable to have good pump 
power regulat ion (1 db) when the gai n 
is in th e 16-30-db range and lo provide 
all tunin g adj ustments with screw 
rather than slide mechanisms. 

The use of paramps in the UHF 
region can be justifi ed solely for th eir 
improved noise fi gures. In all other 
characteristics they are successfull y 
matched by tubes and transistors, 
which are quite a bi t sim pler and less 
expensive to bu ild and maintain. • 

Fig. 4-Parametric amplifier set up 
for intermodulation test (author in photo) . 

Circle No. 42 on Reader Service 
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RCA supersedes the 
2N681-690 SCR family 
with better performing devices 
at "mind-changing" prices! 

Voltage 

2N3899 $6.50 2N3873 $6.35 600 V 

2N3898 $4.50 2N3872 $4.35 400V 

2N3897 $3.25 2N3871 $3.10 200V 

2N3896 $3.00 2N3870 $2.85 100 v 

35 A 35 A RMS current 
Prices in quantities of 1,000 and up 

If you're using conventional SCR's in the mid-current range .. . RCA's 
35-amp types offer greater protection from voltage transients, 
better performance ... and just check the prices! 

RCA's 2N3870 - 2N3873, 2N3896 - 2N3899 35-amp power-rated SC R's offer you a choice 
of press-fit or stud-mounted packages . .. and your circuits will not only be more 
reliable, they'll be a good deal less expensive! Just check the performance advantages 
of RCA's "mind-changing" SCR's over those of the 2N681-690 family : 

Forward Current 
Peak Surge Current 

Gate Power 

Gate Current 

Gate Voltage 

Thermal Resistance 

RCA 
2N3870 -2N3873 

2N681-690 2N3896 -2N3899 

25A 35A 
150 A 350 A 

5W 40W 
(for 10-µs duration) 

2A Any value giving 

10 v maximum gate power 
is permissible. 

2 ·c;w o.9°c ;w 

Of course, if your design requirements call for the famous 2N690 family, RCA can still 
deliver more performance for less cost. Your RCA Field Representative can give you 
complete details. For additional technical data, write RCA Commercial E ngineering, 
Section RF -5, Harrison, N .J . 07029. See your RCA Distributor for his price and delivery . 

RCA ELECTRONIC COMPONENTS AND DEVICES 

.. The Most Trusted Name in Electronics 



Insulation and Conductivity 
In ECONOPOT™ precision potentiometers 
designed by New England Instrument 
Company, DAPON* is mu lti-functional as 
the molding for the insulated housing and 
as a carbon-tilled conductive plastic 
coating for the resistive element. Housing 
and element are co-molded on the same 
die. This design provides high inherent 
stability, life in excess of 100 million 
revolutions. 

Chemical Resistance 
This patented AFCO® filter plate made by 
American Felt Company is compression 
molded from acrylic fibers saturated with 
DAPON . Thinner and lighter than 
conventional designs, the corrosion­
resistant plate filters chemicals, oils, 
pharmaceuticals, foodstuffs. Diallyl 
phthalate resin was selected because of 
its excellent resistance to most acids, 
alkalis, and solvents. 

Radiation Resistance 
Miniature terminal insulators are molded 
from glass-fil led compounds based on 
DAPON by Electronic Molding Corporation 
to provide radiation resistance as well as 
excellent electricals, moisture resistance, 
and dimensional stability. Studies show 
diallyl phthalate moldings undergo very 
minor changes in mechanical and 
dielectric properties during irradiation 
equivalent to 18 years exposure. 

*FMC supplies basic DAPON 35 (diallyl phthalate) and DAPON M (diallyl isophthalate) res­
ins. For complete information on DAPON and a list of companies supplying molding com­
pounds based on these resins, write: 

Circle No. 43 on Reader Service Card for more information. 
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A New Twist 
To Microwave Drying 
How do you concentrate microwave energy 
within a filamentary material? 

External elec tromagn eti c fields generated 

by mi crowave energy are used to dry 

photographic film. Launched on an open 

wire serpentine adjacent Lo th e surface of 

th e film , mi crowave energy is co upled to 

the moisture in the film to produce rapid 

drying. 

A micro wave trans miss io n-line circuit 

co uples frin ging fi elds to water in the 

fi]m . The line operates neither as a pure 

trave ling-wave system nor a pure s tanding· 

wave syste m. In th e pure standing-wave 

syste m, the total attenuation of th e line 

loaded by the film must be greater than 

6 db Lo avoid dumping excessive power in 

the ex ternal dummy load. With a pure 

s tanding-wave sys tem, the RF fields travel 

many tim es th rough the material before 

a tten uating to some negligible value. 
Both approaches have inheren t draw­

bac ks. In the fo rm er, to obtain a 6-db loss, 

the line would have to inordinately long; 

Drying of film is accomplished with 
serpentine elements (called illuminators) 
incorporated into surface of drum. Film 
moves adjacent to elements along sur-

tn the latter , the system requires very 

sharp tuning. The new system is based on 

a co mbination of both principles, namely 

a hybrid c ircuit providing the advantages 

of both systems while minimizing the 
limitations . 

Microwave heating and drying of bulk 

material are a widely accepted practice. 
When applied to th e thin or filamentary 
materials, however, microwave- heati ng 

techniques are relatively unsatisfactory. 

Heating or drying of any materi al requires 

concentrati on of the electrom agneti c 

fi eld within the physical boundari es of the 

material. As th e dimension of the material 

becomes small (with respect to the wave­

length), the co ncentration of th e absorbed 

energy is reduced. The new high-im­

pedance co upling circuit concentrates 

the energy within the load material itself 

by developing the maximum field com· 

ponent parallel to the web of the film. 

face of drum . By interspersing air jets 
between folded path of coupler, film 
will flow at correct height above coil for 
maximum coupling efficiency. 



The co nven tional method of applying 

microwave energy to filamentary mate rial 

uses slotted waveguides of rectangular 

cross-section. The film passes through th e 

slots and absorbs the mi crowave energy 

in the waveguide. Many problems res ult 

from dragging the film through multiple 

slots, with the attendant ·problem of di s­

pensing with th e moi sture after it is re­

mov ed from th e film . 

The new mi cro wave-dryin g technique 
eliminates these problems by using the 
air-bearing principle. Air jets adjacent to 

the coupl er create a Bernoulli effect , which 

suspends film over the coupl er. The film 

is not in physical contact with the equip­

ment and th e airstream ca rries off the 

evolving vapor from the film . 

Although s pecifi call y des igned for dry­

ing photographic film, th e tec hnique has 

potential use in drying paper, fabric and 

man-made and organic fibers. The more 

efficient coupling between energy source 

and material causes redu ced input-power 

requirements and allows increased ma­

terial drying rates. Use of a fringing­

field circuit co ncept permits th e drum 

to be designed for s pecific purposes, to 

take almost any width of material. A co m­

plete dryer can consist of one or more 

such drums, arranged to provide either 

vertical or horizontal loops of material. 

An added advantage is that any attempt of 

th e material to take a set curl is com­

pletely eliminated. 

The microwave dryer was designed by 

Produ ctron, -a Div. of Houston-Fearless 

Corp., Los Angeles, Calif., unde r F. Meh­
. ner, president. The concept was developed 

by Gunter Schmidt, president of produc­

tron, and Ivan Ryman , vice president. • 

JIM ROSE, Western Editor 

Cross-section of drum il­
lustrates drying principle. 
Microwaves are launched on 
surface of illuminator ele­
ments. Moisture in film 
causes resulting electric­
field flux lines to be bent 
and pass through material. 
Heating results from action 
of microwave field on water 
molecules. When nonpolar­
ized water molecule is in an 
electrical field, it tends to 
physically align itself with 
the direction and polarity 
of the field. Rapidly revers­
ing the field makes mole­
cules attempt to rotate, re­
sulting in molecular agita­
tion, which heats the 
material. To prevent inward 
radiant energy, a reflective 
metal screen is placed ap­
proximately 3/4 inch behind 
coil structure. 

• B.CI 
S/~~~() 

EXPANDABLE RACK 
AND PANEL SYSTEMS 

One end connects to the rack, the 

other to the sliding chassis. As the 

chassis is withdrawn the coil un­

winds. As the chassis returns, slack 

is automatically taken up! There is 
no jamming, pinching, rubbing, 

misalignment or sagging. No me­

chanical devices such as springs or 

pulleys are necessary_ There is no 

sag even when fully extended and 

... laboratory tests reveal an ex­

tremely long life to the spring 
action. 

" Acknowledged leader in flat coble systems." 

RACK 
and 
PANEL 
WIRING 
Made 
Simple!. 

quadruple layered Signaflo 

expandable rack and panel 

systems for maximum wiring 

density . Photo shows 108 

conductors in 3 layers! 

Transition connectors are also 

available with standard wire·rop pins . 

Capacity: 0.75 amps per conductor 

Voltage breakdown: 3000 V 

Resistance, Voltage Drop or ohms 

per foot equal to #25 AWG. 

Circle No. 44 on Reader Service Card for more information. 

For immediate sales contact, circle No. 799 . 
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To Solve YOUR 
Semiconductor 
Encapsulation 

Problems 
HYSOL has more answers than 
anyone in the business. 

HYSOL's HY FLO® epoxy mold­
ing powders have so lved the 
problems of transfer molding en­
capsulat ion of a wide range of 
semiconductors, from simple to 
the most sophisticated . · 

New HYSOL liquid epoxy sys­
tems, compatible with almost 
every type of semiconducto r, 
open new doors for cast ing or 
potting for short or long runs 
and extremely delicate items. 

V.Je have devoted thousands of 
laboratory man hours finding an­
swers to the kind of encapsula­
tion problems you may be facing 
right now. Our laboratories are 
ready to tackle new problems, as 
technology progresses, just as 
we have done in the past for 
scores of leading electronic com­
ponent manufacturers. 

For application engineering 
help, write , wire or phone 
HYSOL today . For technical data 
on standard semiconductor en­
ca psu latio n products, ask for 
bulletins E-258, E-259 and 
E-500. 

M-j-1.+1 -H@EH IM-j-1.hlll?li~M 

Hvs a L HVSOL CORPORATION. OLEAN, NEW YORK 
••=i-i•*i#'i iiff-1+-ij:i#-i-H** Los Angeles , California / Hysol (Canada) ltd ., Ontario / London, England 
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PREVENT THOSE 
BLACKOUT BLUES 

What will happen to your equipment when the lights go 
out? Will it just stop quickly and peacefully or go on a 
rampage and cause considerable damage? These ques­
tions, and many others, should be answered by every engi­
neer to prevent losses caused by power failure. 

BOB COMPTON, Midwest Editor 

Since the Northeast blac kout in 1965 , 

lh e demand for high-capability eme r­

ge ncy power sources has increased 

r----------------, 
I I 

I i 
A -C I 
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A -C 

drasticaU y. For example, th e sales 

volum e for one of the fastest emergency­

power sources, the d-c to a-c inverter, 
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ELECTROMECHA~ICAL 
TRANSFER sw1 t cH 

Fig. 1- Various degrees of protection can be obtained by 
interconnecting battery, battery charger and inverter in different ways. 



has more than doubled in the las t year. 

This s kyrocketing de mand has proved 

that the blackout was an expensive 

lesson lo many engineers ca ught with­

out bac kup power s uppli es . And to 

those · not affected by th e blac kout , it 

was a s trong note of warning th a t it 

co uld happ en to th e m. 

A Power-Loss Analysis 

E conomics, safety and loss of ir­

re placeable equipm ent all play a key 

role in decidin g whether or not a 

syste m should be protected by an 

e me rge ncy powe r s upply. In th e area 

of loss of man-hours alone, blac kout 

costs can be s taggering. Also, s hut­

down of ex pensive equipment, suc h as 

co mpute rs, can send the blac kout costs 

sky high. A less obvious but quite 

se riou s proble m is th e shutdown of 

process-co ntrol equipm en t. Losin g 

co ntrol of a process may cause ex­

te ns iv e damage to the eq uipm ent itself 

or possible injury to the operators. 

Thu s, th e losses that occur because 

of a power failure tak e many forms. 

Every poss ible danger or loss mu st be 
weighed with respec t lo th e cos l of 

the e me rgency power supply. Some of 

th e more pertinent qu es tions th a t 

shou ld be asked when making a powe r­

loss analys is are lis ted in Table I . Of 

par ti c ular importance is th e aspect of 

tim ing; in some cases, an inte rrupt ion 

of even a fraction of a second ca n cause 

th e loss of irre place able information 

and set sc hed ul es back many hours. 

High-Speed Emergency Power 

Most high-speed systems are based 

on the use of emergency battery banks 

dr ivi ng a d-c to a-c co nverter. T he re 

are several techn iques for us ing the 

(Cor1ti r1 ued) 
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First from Westinghouse: 
1.5 to 40 amp plastic rectifiers 
with more hermeticity than you need. 

Our 1.5 to 3 am p plastic lead- mount 
diodes are becoming the industry sta nd­
ard. And now, only from Westinghouse, 
you can get plastic stud -mount rect i­
fiers fro m 5 to 40 amps. 
We give you plastic economy with metal 
case performance for all your rectif ier 
needs. Voltages range from 50 to 1000 V, 
forward or reverse polarity. No matter 
what your application, Westinghouse is 
the first place to go for the broadest line 
of plastic rectifiers. 
Hermeticity? These rectifiers could easily 
work in a f ishbowl. They' re tested in l ive 
steam at 15 psig for 2 hours. In other 
performance parameters, they measure 

(; 

WESTINGHOUSE PLASTIC RECTIFIERS 

Su11ested 
CHARACTERISTICS 

Resale Fwd . Current 
Type Price• @ Temp •c Sur1eAmp s Mn. TJ Pt Voltage 

384 .JO 1.5 40"TA 50 175°C 10 50· 1000 

359 .JO 1.5 40"TA 50 11s•c 10 50-1000 

( l N4816) 

398 .42 3.0 so•r.., 200 175°C 167 50-1000 

407 .57 5.0 1so·r, 125 11s•c 65 50- 600 

408 .60 10.0 1so·r, 175 11s·c 127 so. 600 

409 .64 15.0 12s·r, 250 11s•c 260 50- 600 

417 1.57 20 1so·r, 350 11s•c 490 so. 600 

418 1.61 25 t45"Tc 400 11s·c 640 50· 600 

419 2.01 40 120·1, 500 175°C 1000 50· 600 
Price in 100 piet! quanlili!s !or 200 PRV d!vic! 

up equa lly well. Look over the character­
istics table here. 
Why pay a premium for a metal case? 
In virtually all applications, there is no 
need. Westinghouse plastic rectifiers are 
a totally practical equivalent. Advar.:ed 

manufactu ri ng techn iques and a proprie­
t ary junction coating combi ne t o produce 
a completely stable device at lower cost . 

Send for our broch ure SA-9892 on the 
Westinghouse plastic recti fier line. These, 
plus other rectifiers, t hyristors, and power 
transistors can help keep your products 
competitive into the 1970's. Ca ll your 
Westinghouse Sem icond ucto rDistri bu to r. 
Or write Westinghouse Electric Corpora ­
t ion , Sem iconducto r Div ision , Youn g­
wood, Pa. 15697. 

You can be sure ~ 
if it's Westingho~~~ \!!) 



If you want 
tlie best connectors 

money 0 
canbuy ~; 

CONDENSED CATALOG 

* printed circuit 

* removable contacts 

* center screwlock 

* microminiature ... 
subminiature ... 
and miniature 
rack and panel 

* power 

* terminal blocks 

* special designs 

ELECTRONIC CONNECTORS FOR 
COMMERCIAL & MILITARY APPLICATIONS 

start 
with~---..:..----! 

this catalog first! 
This booklet gives capsule reviews of specifications and general information on 

Continental's precision electronic connectors. Check your requirements against the most 

complete and reliable product lines for printed circuitry and rack and panel interconnection 

applications. Each connector series meets the critical standards of design and application 

engineers in both commercial and military systems including computers, electronic data 

processing, communications, aerospace, telephone and other intricate electronic equipment. 

For the Sales Representative Nearest You, S ee Our Listings in EEM and VSMF Directories. 

CONTINENTAL CONNECTORS 
CONTINENTAL CONNECTOR CORPORATION • WOODSIDE, NEW YORI:( 11377 
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Blackout Blues (Cont'd) 

inverter-battery co mbination , each with its own 

cost-performance advantages. 

Three techniques illustrated rn Fig. 1 have re­

sponses that range from instantaneous to an 8-cyc le 

delay. To achieve an instantaneous respo nse, line 
power is rectified to keep a battery charged and to 

suppl y input power to th e in verter. The battery 
automatically delivers power to th e inverter any 

tim e th e rectified voltage decreases below the bat­

tery pote ntial. This technique is very inefficient 

and is used where no power loss can be tolerated. 

A com mon technique uses · the a-c directly. The 

battery is maintained charged by the line, but 

normally is not active in supplying a-c to the load . 

When a power failure occ urs, an elec tromechanical 

transfer switch senses th e voltage loss and auto­

maticall y switches over to th e battery-powered 

inverter. This switc h-over is accomplished in 4 to 8 

cycles-sufficient for most applications and re­

latively inexpensive. 

Some sys tems are adversely affected by any delay 

over 1/2 cycle. To meet such stringe nt conditions, 

th e electromechan ical transfer switch is replaced 

with a solid-state switch. Such devices not only 

switch to the inverter in 1/8 cycle or less but, in 
conj un ction with th e inverter, can do it synchron ­

ously. Fast switching provides con tinuous power 

for even the most discriminating equipment. 

Another method , called th e reverse-transfer 

Table 1-Typical power-loss analysis questions 

• When power fails, will the equipment stop 

without damage to itself or its load? 

• If an emergency causes shutdown damage, 
how easily can the equipment be repaired? 

• If parts are damaged, are they readily 
available and how expensive are they? 

• What about operator safety? Will a dan­
gerous condition be created by a power loss? 

• Will irreplaceable computer memory or 
data be lost? 

• If an emergency power source is needed, 
what must its steady-state output be? And for 
how long must this output be supplied? 15 
minutes? 1 hour? 5 hours? 

• Can momentary power failures be tolerated? 

• What interruption time can be tolerated? 



technique (Fig. 2 ), is designed for very high relia­

bility. It is a combination of the ins tantaneous 

technique and the synchronous-switchi ng tech­

nique. The combina tion provides guaran teed power 

in the event of fa ilure in either the line or the 

inverter. It is designed for cr iti cal loads where 

the regulation built in to the inverter provides th e 

added advan tage of isolating the load from power­

line surges. 

Conclusion 

The engineer has several ways to prevent eq uip­

ment damage caused by loss of power. His most 

important task is to analyze his system and deter­

mine what damage will occ ur from a power fail ure, 

then select the mos t inex pens ive system that will 
provide power within th e minimum all owable 

time. • 

A -C 
POWER 

BATTE RY 

CHA RG ER 

STA TI C 

INVERTER 

STORA G E 

BATTER Y 

CRITIC AL 
A -C 

LOAD 

Fig. 2- Reverse transfer for critical loads. 

MANUAL BYPASS SWITCH 

TRANSFER 
TEST SWI TCH 

SCR POWER 
SWITCHES 

ST A TIC SWITCH 
LOGIC 

POWER -FACTOR 
CORRECTING 
CAPACITORS 

Internal view of typical TRW automatic 
static transfer switch showing location 

of major component s. 

Report from 

BELL 
LABORATORIES 

Making voices from the 
depths sound deeper 

Bell Telephone Laboratories has 
had a long -term interest in speech 
research-trac ing back, indeed, to 
the work of Alexan der Graham Be ll. 
It was for th is reason that the U. S. 
Navy asked us to investigate a 

problem encountered in Sealab 11. 
To prevent "bends" and nitrogen 
na rcosis, t he divers breath e a 
pressu rized mixture of oxygen , 
nitrogen and helium, butthe heli um 
gives their vo ices an unnatural, 

" HELIUM-MIXTURE" SPEECH 

VOICE HARMO NICS 

VOCAL-CORD PITCH : 100 Hz 
IFUNDAMENTAU 

~ 

100- Hz SPACJNG__J 

Fundamental pitch and harmonics (vertical bars) for normal " air" voice sound 
(color) and " helium speech " sound (black). Note that the frequencies of the 
fundamental and harmonics do not change very much, whereas the envelope 
of the amplitudes shifts toward the right. Note also that the magnitude of the 
shift increases with increasing frequency. 

" HELIUM 
SPEECH" 

INPUT 

NORMALIZED 
SPEECH 

Block diagram of system for restoring helium speech to normal voice 
quality. Helium speech is fed to amplitude and pitch circuits. In the pitch 
circuits, the frequencies of the 34 lowest harmonics are determined. In the 
amplitude circuits, the power levels within each of 34 150-Hz intervals of the 
speech spectrum are determined. The amplitudes are shifted and applied to 
harmonics of lower frequency. In the modulators (right), these power levels 
control the loudness of the 34 harmonic frequencies .. . thus producing a 
pattern or envelope closely corresponding to the envelope of normal speech. 

sq ueaky, Donald-Duck- like quality. 
As a result, vo ice commun icat ions 
between divers and people on the 
su rface are seriously impaired. 

THE MAJOR PROBLEM is that 
the ve locity of sound in the helium 
mixture is much hi gher than in air. 
This does not appreciably affect 
voca l-cord frequen cy , but does 
strongly affect the acoustic reso­
nances of the vocal tract-which 
give the voice its characteristic 
sound quality. So, thoug h fun­
damenta l voice pitch remains 
approximately the same (about 100 
Hz in men), the ampl itudes or 
loudness va lu es of th e various 
harmonics change marked ly. Spe­
cifically, the pattern of these res­
onances (the envelope) shifts 
toward the higher frequencies (see 
graph), and voice timbre is gross ly 
distorted. 

THE SOLUTION to this problem 
was found at Bell Laboratories by 
research scientists M. R. Schroeder, 
J. L. Fl anagan, and R. M. Golden. 
The di storted "he lium speech" is 
separated into harmonic frequen­
cie s and their amp litudes are 
measu red (see diagram). Then the 
envelope of the harmonic ampli­
tudes is shifted back toward the 
more norma l or low-frequency 
condition. In oth er words, the 
amplitudes of the harmonics are 
adjusted to match a more normal 
envelope. 

As a test, the technique has been 
used on rec ordin gs of heli um 
speech made in the U. S. Navy's 
Sealab II. The processed voices are 
readi ly understandable and sound 
enough like the speaker's "air" 
vo ice to be identi fiab le. 

Iii\ Bell Telephone Laboratories 
~ Research and Development Unit of the Bell System 



Delivery is a dangerous thing to 
talk about. Unexpected things 
can happen. But most of the time, 

we find we can deliver high qual­
ity hermetic seal connectors in 
about half the time it takes others. 

You see, the only kind of con­

nectors we make are hermetic 

seal connectors. So they're very 

important to us and we work 

hard to deliver on schedule (a 

shorter schedule than most). 

We do all this with what we think 

is also the broadest line of her­

metic .seal connectors- 750 com-

The Experienced Manufacturer of Hermetic 

Seals and Hermetic Seal Connectors 

binations in Miniature Round 

BANTUMS, Miniature Hexa­

gonals, Miniature, Subminiature 

and Microminiature Rack & 
Panels, Trapezoidals, AN's and 

Coaxials. 

Doesn't it make sense to check 

the manufacturer who delivers 

faster from a broader line (with 

100 % inspection to assure qual­

ity, too)? 

WriteGlasseal Products Co., Inc., 

725 Commerce Rd., Linden, N.J. 
07036. Or call (201) 486-2067. 

O Glasseal 
PRODUCTS COMPANY INC . 

A SUBSIDIARY Of G . T . SCHJHOAHL CO . 

Circle No. 55 on Reader Service Card for more information. 
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A LASER-DETONATED 
EXPLOSIVE SYSTE-M 

When you think about it, electrons do a very good job of 
initiating explosives-even when you don't want them to. 

JIM R OSE, Western Editor 

A rub y laser serves as a source of intense 
coherent li ght. Routed to remotely lo­
cated explos ive devices via fib er-opti c 
bundles, laser li ght initiates the ex­
plos iv e materi al. The lasei:-detonated 
explos iv e sys tem effectively eliminates 
premature explos ions caused by stray 
elec tromagneti c or RF energy. 

Because there are no electri ca l leads 
into the explosive devi ce, the pyrotechnic 
co mpounds are effectively enveloped in a 
Faraday shi eld. This eliminates the need 
for protecting firin g lines and elec tri cal 
connectors to guard the explosive sys tems 

CAVITY , - -------. 
' I 

LA SE R 1 1_ I SAFE-
POWER 

:rr _II_~ I 
ARM 

SU PP LY : ~ I :i-b::! : DEVICE 
' I 
'---- ---- -_J 

RUBY LASER 
AND 

FLASH LAMP 

from ac tuation by stray currents. 
The sys tem, designated LEED (lase r· 

energized explos ive devi ce), would con· 
s is t of one or more lasers and their as­
sociated power supplies conta ined in a 
s ingle pac kage. Al so in th e package would 
be safe-arm devices and optical switches 
for sequencing the explosive devi ces. As 
projected , the power suppl y would be self­
contain ed and the total sys tem controlled 
by light-activated controls. Light_-ac ti ­
vated control s eliminate electrical con­
nections to the sys tem and thu s increase 
immunity from electrom agneti c or radi o-

jEXPLOSIVEJ 
"IL DEVICE 

FIBER-

SW ITCH >OPTIC 
BUNDLES 

Explos1ve-dev1ce system uses laser energy to detonate explosives. 

j EXPLOSIVEl 
-------i DEVICE 

Energy from laser units is interrupted by safe-arm device such as 
simple shutter. From arming device, light is transmitted through 
fiber-optic bundles to solid-state optical switch, which selects the 
explosive devices to be initiated. Dual bundles can be used for 
redundancy. End-to-end check passes light through one bundle 
and is monitored through other or passed through both bundles 
and monitored with a third . 



frequ ency interference. 

The use of an op ti cal path in to th e 

initiators offers a uniqu e advantage- a 

co mplete end -to-end inspect ion of the sys­

tem, including the ex plos ive. Materials 

that wou ld chan ge colors to refl ec t th e 

co nditions of th e explos ive co uld be 

mixed with the ex plosive. For example, 

materials that change to red in the 

presence of moisture, and another ma­

terial that chan ges to green wh en oxida­

tion occurs, mi ght be used. To enable in­

spection of dev ice readin ess at any tim e, 

white li ght could be trans mitted through 

th e fib e r-optic bundles to th e surface of 

th e explosive. Color of th e refle c ted light 

wou ld indicate cond ition of sys te m. 
There are several other advantages of 

the laser system over the co nventional hot­
wire or ex plodi ng-bridge-wire detonating 

sys tems. When compared to th e hot-wire 

system, th e laser system is extremely 

safe from human errors because it requ ires 

th e uniqu e intense laser energy to detonate 

the explos iv e. The ex plod in g-bridge-wi re 

system is less sensiti ve than hot-wire 

systems, but extra precaus tions must be 

mad e because of th e type of signal used. 

The massive s hap ed pulse used to brea k 

down a s park gap causes the condu ctors 

to radiate. Although th e laser energy 

source is mu ch like that used for the 

ex plod ing- bridge-wire initiator, th e energy 

is not transmitted throu gh long condu ctors. 

The laser also eliminates the difficulty in 

simultaneo us initiations because th ere are 

no seconda ry timing co mpon ents between 

the lase r and the explosive. 
The LEED sys tem is und er development 

by Donald J. Lewis , research director for 

Space Ordnance Sys tems, Inc. , El Se­

gundo, Calif. • 

CONNECTOR PINS 

BRIDGE WIRE 

PYROTECHNIC MIX 

60 ,000 - PS I 
WINDOW 

LASER ENERGY 

FIBER- OPTIC \ 
BUNDLE 

~--- SPARK GAP 

EXPLODING W IRE 

DETONATING MIX 

WIRE 

DETONATING OR 
DEF LAGRATING MIX © LASER - ENERGIZED 

EXPLOSIVE DEVICE 

® EXPLODING BRIDGE WIRE 

Comparison of laser-energized explosive de­
vice with conventional hot -wi re and exp lod­
ing-bridge-wi re devices. Hot -wire system 
(a) uses low voltage to heat bridge wire, 
which breaks down primary explosive ad­
jacent to it. 

Exp loding-bridge-wi re t echnique (b) uses 

high current wit h predetermined wave shape 
to break down spark gap and va porize bridge 
wire. Explodi ng bridge wi re detonates either 
a primary or secondary explosive. Laser 
system (c) uses direc t energy from ruby 
laser t hrough window to detonate secondary 
explosive. 

What Breeze knows about 
Slip Rings and Rotary Switches 

would fill a book . .. 

• \ 
\ 

and w~ have the DOI< 
\ , 

• 

• 

• 

Breeze Catalog SRA 67 covers all basic types of slip ring assem­
blies, with information on design, methods of production, materials, 
capabilities, and performance. 

It describes typical custom assembl ies for general purpose 
power and control , for handling radio and video frequencies, for 
high voltage, for high speed instrumentation, ahd for switching. It 
also gives drawings and specifications for : 

8 STANDARD BREEZE 
SLIP RING ASSEMBLIES 
These are virtually off-the-shelf items, 
but can be made up in many sizes 
and configurations to cover a broad 
spectrum of performance at a mini ­
mum of t ime and expense. 

Breeze experience in sl ip ring de­
sign and production can solve prob­
lems - fast. Write fo r specific infor­
mation or send, on your letterhead, 
for Catalog SRA 67. It's a usefu l book. 

450-circuit slip r ing assembly for radar search transmits 
up to 30 kv of power and much contro l and signal data. 

Stacks of rings in any combination and 8 diameters 
are made from standard components . 

BREEZE CORPORATIONS 11 IN c. BREEZE 
M AR I'\ 

701 LIBERTY AVE., UN ION , N. J. 07083 CABLE ADDRESS: BREEZE, UNION , N. J. 

Circle No. 56 on Reader Service Card for more information. 
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Are YOU UP to date ... 
on dielectric tubing 
materials? 

send tor rour FREE copies 

1-::33~~~~f ~;~~~~-, 
Phones: Chicago, 631 -1445, Long Distance, 312-537-4250 

Please rush my copies of t he 
tubing materials chart and t ubing catalog 

NAM E.~---------------------

COM PANY~------------------~ 

ADDRESS·~-------------------

CITY STATE ZIP ___ _ 

L--------------~--~--------~------~-
C i rcl e No. 57 on Reader Serv ice Card for more information. 

Fo r immediate sales contact, circ le No. 800. 
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PHOTOCONDUCTORS 

IN CONTINUOUS BAl-ANCE SYSTEMS 

Cadmium-selenide photoconductors 
with copper leads offer a practical 
alternative to mechanical choppers 
in applications requiring chopping 
of d-c voltages as low as 0.1 µ.,v. 

Mec hanical c hoppers hav e long been th e only 

resource for detecting microvolt d-c le vels. How­

ever , th ese mechanical devices s uffe r from suc h 

limitations as s hort life, noi se and la rge physical 

s ize. Also, they require exte nsive elec tromagnetic 

and electrostatic shielding. 

In co ntras t, the photoconduc tor offers virtually 

infinite life , little or no electromagne tic shielding 

is req uired and its driv ing c ircuitry is no more 

co mplex or expensive than that required for me­

chan ical c hoppers. T he exceptions whe re the 

mec han ical c hopper is s till th e best choice are in 
applications involving temperature extre mes and 
measure ments below 10 nv. 

Elect r ica l Conside ratio ns 

State-of-the-al·t cadmium -sele nid e photocon­
ductors are des igned for fas t s witc hin g s peeds and 

negligible photovoltai c and thermal offsets. In 
add ition, junction fie ld-effect transistors in the 

ca rrier input s tage have a so urce resistance for 
optimum noi se figure that coinc ides with th e typical 
ON res is tance of the photoco nductor. 

T hese characteristics make possible chopp ing 

rates with extremely high effici ency at frequ e ncies 

to 400 Hz, if care is taken as to how th ey are driven 

by the light so urce. A square-wave li ght source will 

not give a square-wave photoco ndu ctor resis tance 

response (Fig. I ). A photoconductor turns on to its 

li ght res is tan ce very fast, typi cally 0.2 msec, but 

turn s off to its dark resistance in a rather co mpli­

cated fa s hion. An a pproximation of its turn-off 

charac teris ti c would be to ass um e a fix ed delay in 

which th e photocondu c tor re mains at its light re­

sis tan ce, followed by a turn-off in typ ical ex pone n­

tial fashion. This is direc tly analogous to the storage 

phenom enon in switching tran sis tors. Th e loss in 

effi cie ncy for square-wave light drive ma y be cal­

culated for th e series-s hunt modulator (Figs. 3 and 

4 ) by using th e linear approximation for turn-off 
time (Fig. 1): 

T 

Tf 
---''------ x 100 
T R5 -+-+l 
Tl Rt, 

Efficiency 

(P ercent) 

A method that may be used to obtain sq uare­

wav e photoco nductor resi s tance res pon se is il ­

lustrated in Fig. 2 . Simply pulse the light source 

at a duty cycle of less than 50 pe rcent , usually 

around 25 percent, depending upon frequ ency. In 

the se ries-s hunt photomodulator shown in F ig. 3 , 

a system noi se improvement can be realized by a 

duty-cycle drive of less than 50 perce nt. Al so 

brea k-before-make action is attained, minimizing 

source loading. 
To realize 1 µv or less resolution with photoco n­

ductors, photovoltaic and the rmal offset c haracter­

istics must be negl igible. Thus , for these levels, the 
de vice shou ld have tinn ed copper leads. The thermo­
couple offsets of " Kovar" leads , compared to most 
other conduc tors, make voltage resolution of less 

than 10 µv a frustratin g task . 

Mating P hot oconductor T o System 
Figs. 3 and 4 illustra te block diagrams of two 

Author S. Cam e ron R e id 
has been with Fairchild In­
s trume ntation for 9 months 
and, as senior e ngin eer, is 
presently involved with re­
search, des ign and de­
velopment of nanovolt in­

strum entation. Mr. Reid 
earn ed hi s B.S.E.E. from 
Virginia P olytechni c In­
stitute; he ha two patents 
pending. This is Mr. Re id 's 
first ap peara nce in E O N. 
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Fig. 1- (a) Square wave light source. 
(b) Typica l CdSe photoconductor re­
sponse at 250 Hz, ill ustrat ing poor 
efficiency. 
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Fig. 2- (a) Duty-cycle light source 
dri ve. (b) Approximate square­
wave resistance response of 
photoconductor. 

CARRIER AMPLI FIER WITH 
J -FET IN PUT STAGE 

SERIES-SHUNT 
INPUT MODULA TOR 

+ OUTPUT 

WIDEBAND 
D-C AMPLIFI ER 

OU TPUT I FI LTER 

Fig. 3 - Goldberg chopper operat iona l .amplifier us ing photoconductors. 

c, 

D-C AMPLI FIER 

INPUT MODULA TOR 

OU TPUT 

OUTPU T 
FILTE R I (optiono l) 

NA RRO\'/ BANDWIDTH CARR IER 
AMPLIFI ER J - FET INPU T 

Fig. 4- Chopper amplifier for less than 1 µ.v resolution. 

(Conti r1 11 ed) 

One 
movi-ng 
part? 

No,· 
Two! 

ADVANTAGE: Long, trouble-free service! 

AGASTAT® 
TIMING 

RELAYS 

No gears - no clutches - no intricate parts to give trouble! The patented 
Agastat timing mechanism includes just two moving parts-wh ich is 
one reason for the trouble-free performance of Agastat timing relays 
over more than 35 years! 

There are other reasons , too. Every component , moving or not, has been 
designed expressly for the job it does. The calibrated, sealed tim ing 
head uses no needle valve - recirculates air under controlled pressure 
through a linearly variable orifi ce. The prec ision wound coils are 
completely potted to eliminate moisture problems. A custom -designed , 
over-center DPDT switch mechanism provides positive no-flutter action. 
Blades are flexible beryllium copper and feature gold -bonded silver­
cadmium oxide contacts. All to ensure you long, trouble-free operat ion! 

What 's more, Agastat tim ing relays give you AC or DC operation ; 
on -delay, off-delay, or both ; upright or Panel mount models; full size or 
miniature units! Wr";J.e today for complete specifications. 
Address: Dept. EDN -A41. 

AGASTAT DIVISION 

~ ELASTIC STOP NUT CORPORATION OF AMERICA, ELIZABETH, NEW JERSEY 
~®IN CANADA: ESNA LIMITED, 271 PROGRESS AVENUE, SCARBOROUGH, ONTARIO 

Circle No. 58 on Reader Service Card for more information. 
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Photoconductors (Cont'd) 

chopper-stabilized amplifi er configura­

tions that maximize th e photoconduc­

tor's adva ntages as a c hopper. The in­

put d-c modulator is in th e series-shunt 

co nfigurati on. Thi s provides minimum 

loading while presentin g a time average 

source impedance near th e optimum for 

bes t noise perfo rmance of a junc ti on 

FET. The J-FET is used for the input 

s tage of th e carrie r amplifi e r because 

it co mbin es high input impeda nce with 

the lowes t noi se fi gure of a ny presently 

available solid-s ta le dev ice. 

The series-s hunt input modul a tor 

should be drive n by light pipes or fib er 

optics to isola te the photoconduclors 

from spikes and the heat generated by 

th e light source. The e ntire input cir­

cuit s hould be surround ed by an electro­

s tatic shi e ld and all interco nn ections 

solde red with a low th e rmal solder. 

The output of the ca rrie r a mplifi er is 

a photoconduc tor peak de tector that 

operates over th e carrie r 's full output 
swing without pulling, false nulls, d-c 

offse t or leakage c urre nt. The photo­

co nd uctors co mpri s in g th e peak de­

tec tor can be mounted nex t to th e light 

source, th e small amount of drift in­

troduced being divided by the carrier 

gain. 

An instrum e nta tion a mplifi er con­

s tru c ted in the configuration of Fig. 3 
has an initi al d-c offset of less than lµ.v , 

offset c urre nt less than 2 x 10- 12 amps, 

and a 0- to 1-Hz noise of< 2 µ. v peak-to­

peak with a so urce resistance of 1 

megohm. The modulator and demodula­

tor photoco nductors are drive n by the 

same light source with a 30-percent 

duty cycle. • 

•circle No. 59 on Reader Service 
Card for more information. 



REGULATED DC 

VOLTAGE 
PROBLEM 
SOLVERS 

Regulate output voltage to within +1 % 
D-c output voltage will remain accurate despite line 
fluctuations when you install General Electric d-c power 
supplies in your electronic equipment. 

For example, within an a-c input range of 97 to 130 
volts, the d-c output varies no more than ± 1 percent 
when all other variab les remain constant. The tab le 
shows the close tolerance maintained by G-E power 
supplies. 

Va riable 

Line Voltage 
Load 
Ambient Temp 

Ex cursion 

97-130 vo lts 
0- 1 00% rated load 
40( temp change 

Regulation - 2-5% at full to half load 

DC Output 
Vo ltage Change 

2% 
3% 
1% 

Whatever your application-computers, process con­
trol, or electronic measuring devices-chances are 
there's a General Electric regulated d-c power supply 
designed to meet your requirements. Units are available 
for either 50- or 60-cycle power sources. Many models 
are available for immed iate shipment from factory stock. 

Give your equipment the benefits of using a power 
supply backed by exper ience and technological research 
-General Electric d-c power supplies. For complete 
descriptive and application data, write to General Elec­
tric Co., Section 413-28, Schenectady, N. Y. 12305. 

Specify General Electric for all your 
voltage regulation and control needs 

vo11&11ac· 
VARIABLE 
TRANSFORMERS 
Get continuously ad justa b le ..... 
voltage levels with these va ri ­
able transformers. Three types 
of Volt-Pac transformers are 
avai lable- manual , motor oper­
ated , and automatic. Write for 
publication G EA-81 10 . 

AC VOLTAGE 
STABILIZERS 

<Olll Maintain precise vo ltage out­
put despite wide fluctu a tions of 
line voltage, frequency, load , 
load power factor and ambient 
temperature. Stabiltron is avail­
able in 0 .5, 1, 2, 5, a nd l 0 
KVA ratings. Write for publi -
cation GEA-7358 . 

'A-ogress Is Our Mosf lmporfanf Protlud 

GENERAL fl ELECTRIC 



WOULD YOU BELIEVE 1 MILLION TAPS? 

We're talking about the decade 
transformer divider, a versatile drift­
free component capable of dividing 
voltage into 106 part s, with applica­
tions galore in precision measure­
ment and control. 

SAM S HATA VS KY, Eastern Editor 

The transform er di vider is comprised of cascaded 

autotransform ers pac kaged as one component to 

ac hi eve 0.0001-perce nt (1 ppm) ratio accuracy. Its 

Decade divider employs 
many separate auto­
transformers packaged 
toget her and connected 

TENTHS 

to achieve t he equiva lent v, NPur 

of 1 million output taps. f'\.J 
St abil ity is outstanding 
because turns are not al -
tered by environmental 
changes. 

(l - K) V 

FOR NULLo 

G' KV - V 
l 

G~K 

t 

KV 

1 

NULL DETECTOR 

Amplifier gain is measured precisely by setti ng 
decade-divider t aps unt il null is obtained. 

immunity to te mperature drift , and hence s table 

input-output ratio, is a ttributed to integral copper 

turn s on its magneti c toroidal core. It is impossible 

to wind frac tions of a turn so tha t e ncapsula ted 

windings produce a divider whose turns ratio cannot 

vary with age, temperature or other environm ental 

extremes. 

The co mponent can be appli ed in a-c meas ure­

ment a nd control circuits with significant adva n­

tages over its counterpart , th e resis tive divider. 

Superior temperature stability, high voltage and 

high current capability, immunity to loading errors 

and output phase shifts are strong features of th e 

HUNDRED THS HU NDRED THOUSANDTH S 

~ 
~ 

TWO OTHER DECADES 

KV 

FOR NULL 

KV - NV 

K - N 

l 

MILLI ONTHS 

UNKNOWN 
RATI O - N 

Transformer ratio, N, accurately determined 
' by decade divider at null set ting. 

induc tive divid er. Its high input-to-output im­

pedance ability - as mu c h as 200 ,000-o hm input to 

5-ohm output-is not un comm on. 
Applications cover gain , phase s hift a nd lin e­

arity measurem ent of precision repeaters a nd a mpli­

fi e rs as well as a ttenu ation and response of fil ters. 

The ability to develop an acc urate a-c reference 

voltage makes th e transfo rmer divider va.lu able fo r 

resolver- synchro tes ting a nd turn s ra ti o- impeda nce 

measurement of precision tran sform ers. De velo p­

ment, special applications and manufac ture of in­

du ctive dividers a re being carri ed out a t Nor th 

Atlantic Industri es , Inc., Plainview, N.Y. 

K, 

CT 

AT NUL L o 

Transformer divider 
decade section. 

z, 

z, 

Impedance bridge, based on a pair of inductive 
dividers, provides enormous rat io ra nge, ena bl ing 
only one impedance sta ndard for many different 
kin ds of measu rements. 

(Continued} 



1 Million Taps (Cont'd) 

90 DEG 
PHASE 

SHIFTER 

V'~-K 1 V +i K2 V 

V'Lff =V ~ K 1 2 + K ,' 

o:: -tan- 1 ~ 
K, 

I 
v 

KI v 

V'L!!c 

= K 1 V 

;K 2 V 

l 
·r 

Voltage-output vector angle and magnitude are 
accurately determined with two inductive dividers. 

l 
r 

K1 V 

i 

K2 V 

K 1=sin a , .K 2 ... cos a 

SO THAT ~=Ion a K l 
cos a -K;' 

RESOLVER 

Ratio sett i ng K 1 K 2 determines reso l ver shaft angle . 

Precise resolver positioning signals developed 
from two transformer dividers simulating a re­
solver transmitter. Manual switching can be 
replaced with electronic switching to permit 
digital programming of position ·commands. 

v cos -& 

V sin & 

~ 
AT NULL: c os& K - sin & 

K . sin& ... ton& 

cos e 

I NULL 
INDICATOR 

Shaft-angle readout in terms of tan e is deter­
mined by transformer-divider tap position at 

null condition. • 

( 
/ 

The Tektronix Type 454 is an advanced new portable 
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns 
risetime performance where you use it-at the probe tip. It 
is designed to let you make convenient measurements of 
fast-rise pulses and high-frequency signals previously out­
side the range of conventional oscilloscopes. 

The Type 454 is a complete instrument package with dual­
trace vertical, high-performance triggering, 5-ns/div delayed 
sweep and solid-state design, all in a rugged 31-lb. instru­
ment. You also can make 1 mV/div single-trace measure­
ments and 5 mV/div X-Y measurements with the Type 454. 

The2.4-ns risetime and DC-to-150 MHz bandwidth are speci­
fied at the tip of the new miniature P6047 10X Attenuator 
Probe. The dual-trace amplifiers provide the following 
capabilities with or without probes: 

Deflection Factor* Risetime Bandwidth 
20 mV to to 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. Deflection factor with P6047 is 10X panel reading. 

The Type 454 features a new CRT with distributed vertical 
deflection plates and a 14-kV acceierating potential. It has 

A new Technical Center: 

Circle No. 61 on Reader Service Card for more information. 

a 6 by 10 div (0.8 cm/div) viewing area, a bright P-31 phos­
phor and an illuminated, no-parallax, internal graticule. 
The Type C-30 and the New Type C-40 (high writing speed) 
cameras mount directly on the oscilloscope. 

The instrument can trigger to above 150 MHz internally, and 
provides 5-ns/div sweep speeds 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. 

The Type 454 is designed to be carried and has the rugged 
environmental characteristics required of a portable instru­
ment. A rackmount, the 7-inch-high Type R454 oscilloscope, 
is available with the same high performance features . A lso 
available is the new Type 200-1 Scope-Mobile® Cart. 

For further information about the Type 454, or about the new 
Tektronix DC-to-100 MHz plug-in oscilloscope, the Type 
647 A , contact your nearby Tektronix field engineer, or write: 
Tektronix, Inc., P. 0. Box 500, Beaverton, Oregon 97005. 

Type 454 (complete with 2 P6047 Probes and accessories) . $2550 
Type R454 (complete with 2 P6047 Probes and accessories) $2635 
C-30 Camera . . . . . . . . . $ 390 
C-40 Camera . . . . . . . . . . . . . . . . . . $ 540 
Type 200-1 Scope-Mobile® Cart . . . . . . . . . . $ 60 

U.S. Sales Prices FOB Beaverton, Oregon 

230,000 square feet devoted to R&D 
. .. part of the Tektronix commitment 
to progress in the measurement sciences 

For immediate sales contact, circle No. 802. 
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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 uniformity 
and .. . cut costs. 

r-------------------, 
I Please send me "CERRO-FLEX" l 
I Flat Flexible Cables" I 
I NAM I 
1

1 I 
I nn I 
I COMPANY I 
I ADDRESS I 
I I 
L-------------------~ •Trademark 

CERRO WIRE & CABLE CO. 
DIVISION OF CERRO CORPORATION 
NEW HAVEN, CONNECT ICUT 0650 4 

Circle No. 62 on Reader Service Card for more information. 
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FET TAMES LONG CABLES 

High-impedance transducer output 
fed down long cables has always 
been troublesome. Enter the FET 
-with solutions to accelerometer 
noise and response problems. 

SAM M. SHATAVSKY, Eastern Editor 

I nstallation of an IGFET in the same housing with 
a quartz-crys tal accelerometer solves insulation 
res istance and noise pickup problems encountered 
in long cable use of high-impedance transducers. 
The IGFET loca ted within the transduce r lowers the 
impedance level of the crystal output. from 1014 lo 
100 ohms. The system needs on ly one single-wire 

TRANSDUCER 

shi elded cab le to conduct the transducer signal and 
carry d-c power for the FET. 

This new concept eliminates the need for ex­
pensive charge amplifiers prev iously necessary in 
using hi gh-impedance quartz crys tals for accelera­
tion measurements. 

The low-impedance output permits usin g thou­
sands of fee t of cable without response and signal­
lo-noise ratio deterioration caused by cable capaci­
tance and cable motion. The arrangement allows 
full use of the high open-circuit transducer-voltage 
sensitivity of piezoelec tric quartz crystals in shock 
and vibrat ion measurements. 

This transducer system was developed and is 
manufactured by the Kistl er Instrum ent Corp. , 

Clarence, N.Y. • 

COUPLER 
COAXIAL 

:---- -----; CABLE ,-----1 
I ~__!._1--+--4-----+-~-.!------1( 

I QUARTZ +18vd-c 

HIGH-LEVEL 

LOW- IMPEDANCE 

OUTPUT SIGNAL 

I PIEZOELECTRIC 
I I ELEMENT 

L ______ __ _J 
I 

L_ _____ J 
Quartz-crystal high output impedance stepped down to 100 ohms 
wi th IGFET built into accelerometer case. Low output im­
pedance perm its long signal ca ble, which also ca rries d-c power 
for FET. Noise level is O.Ol g rms acce leration - independent of 
ca ble length with sensit ivity of 10 mv/g. Low-frequency response 
of 2 Hz is possible by util izing the temperature stabili ty of 
quartz. Mon itoring d-c detect s faults in ca ble or t ra nsducer 
during accelerometer operat ion. 

Accelerometer with built-in IGFET is 0.78 inch high, 1/2-
inch hex shape with a coa xial connector output. 

Circle No. 63 on Reader Service Card for more information. • 



TRANSISTOR BIAS­
SET IT, FORGET IT 

Electronic control automatically 
establishes uniform bias conditions 
in production transistor testing. 

SA M S HATA VSKY, Eastern Edi tor 

P e rfo rm a nce tes ting man y tran s is tors ma kes it de­

s irable to automaticall y adjus t th e collec tor c ur ­

rent and volt age to prede termin ed levels. Thi s can 

be accomplis hed by operating th e tra nsis tor in an 

error-generatin g comparator ne twork. The error 

voltage in co njun ction with a chopper amplifi e r and 

D-C 
VOLT AG E 

SU PPLY 

,-
1 

I 
I 

CHOPPER [ 

I 

I 
I 
L ___ _J 

ERROR VOLT AG E 

Transistor under test is one leg of bridge formed with 
equal resistors R ,, R, and variable R". Manual set­
ting of R" predetermines collector-current value, 
indicated by milliameter, to be established by 
automatic error-correcting circuit. Incorrect 
transistor operating conditions generate d-c bridge 
error voltage converted to a-c by chopper. Conduc­
tion of current-regulator tube in parallel with R1, 

and base circuit shunts base current as a function 
of error voltage, causing degenerating collector­
current decrease to desired value to stop control 

phase discriminator-regulator de te rmin es th e error­

corrected c urrent fed bac k to th e base. Thi s in 

turn automaticalJy estab]j s hes th e prope r coll ector 

operating c urrent a nd voltage. 

Thi s tran s is tor-t es t sys te m evaluates tra nsis tors 

of th e sam e type und er identi ca l operatin g condi­

tions. By pro viding uniform d-c bias conditions th e 

dyna mi c a-c tes tin g of th e tran s is tors ca n proceed 

und er uniform operating-point co nditions. 
Thi s tran s is tor-tes tin g apparatu s was developed 

a nd pate nted und er U.S. Pat ent 3,221,245 by G. L. 
All erton of th e Weste rn Elec tri c Co. , Inc., New 

York , N .Y. 

A-C 
SOURCE 

SHUN T TRANSISTOR 
CURRENT BASE 

+ 

D-C 
VOLTAGE 

SUPPLY 

action of current-regulator tube. 

CURRENT 

Initial conditions of regulating circuit are de­
termined by R,, to yield collector and base currents 
higher than desired. Control action reduces cur­
rent levels by a-c phase-discriminating action of 
regulator tube. Phase discrimination occurs by 
applying same a-c source to control-tube screen 
grid and chopper so that conduction is possible 
only when a-c potential of screen grid passes 
through positive half of cycle and transistor col ­
lector current is greater than desired level. • 

Now! Changeable pushbuttons 
and decorative facing nuts 
in 7 colors make switch 
panel color-coding a snap! 
Now control panel arrays of unlighted pushbutton switches can 
be decorative and functionally color-coded . .. in a snap. MSC 
Building Block Switches feature snap-on, removable pushbut­
tons in 2 styles and 7 colors . . . decorative aluminum facing 
nuts in 2 styles and 7 anodized colors 
... and a choice of 2PDT or 4PDT al­
ternate or momentary action switches 
that can be bench wired then snapped 
onto a premounted bracket. This versa­
tility lets you change pushbutton colors 
anytime, or remove a switch for wiring 
change without disturbing the panel. For 
detailed data on these and other MSC 
unlighted switches, write on your letter­
head for immediate service or use the 
publication reader service card. 

Master Specialties Company, 1640 Monrovia, Costa Mesa, Calif. 92627 
Telephone (714) 642-2427 • TELEX 6-78433 Offices in Principal Cities. 

Circle No. 64 on Reader Service Card for more information. 
For immediate sales contact, circle No. 81 6. 



True flat profile and in-line scale are standard 
<Illumination is optional) 

This is the new Weston 121 thin-line meter. Basically, it's a 2Y.,- inch edgewise 
instrument . . . but with several unusual features. Weston has re-designed its self­
shielding CORMAG ® mechanism to provide a completely flat housing. In- l ine 
pointer and scale eliminate the parallax common to meters of this type. And bulbs 
in the self-illuminated version are removable-even when meters are slacked side­
by-side on a panel . Model 121 meets ASA C39.1 as does Weston's 1 Y.,-inch Model 111. 
Both are available now from your Weston distributor. Weston Instruments, Inc., 
Weston-Newarl< Division, 614 Frellnghuysen Avenue, Newarl<, N.J. 07114. 

SPECIF/CATIONS 
Accuracy: 2% full scale DC; 3% AC rectifier type 
~nglh: 1.9 inches Pointer: red lance type 
Moun ting: rear panel clips--

RANGES 
DC Volts 0-10 0-25 0-50 0-100 
@ 5000.D./V 
DC Milliamps 0-1 0-5 0-10 0-25 

ohms 39 5.2 .2 .2 
DC Microamps 0-50 0-100 0-200 0-500 

ohms 2300 900 600 134 
DC Amps 0.1 
@ .05.D. 

AC Vo/ls 0-150 0-300 
@2000.D./ V 

0-150 0-300 

0-100 0-150 0-250 0-500 
.5 .33 .20 .10 
50-0-50 
900 

WESTON® prime source for precision ... since 1888 
WESTON·AltCHBALD • WESTON · BOONSHAFT AND FUCHS • WESTON-NEWARK • WESTON-POUGHKEEPSIE • WESTON - l'IOTEK • WESTON-TRANSICOIL • WESTON-G,t,RWIN CAR R UTH • WfSTON·CANADA 

Circle No. 65 on Reader Service Card for more information. For immediate sales contact, circle No. 803. 

In-Circuit Tester 
Speeds Testing of 
Semiconductors 

Detecting defective components 
without removing them from the 
circuit can greatly reduce trouble­
shooting time and cost. In-circuit 
testing of semiconductors is doubly 
attractive because it also eliminates 
heat damage during unsoldering. 

With this tester, plus an oscilloscope, transistors 

and diodes can be evaluated without removing them 

from the circuit. It can be used to determine th e 

approximate gain and linearity of transistors , to tell 

whether they are pnp or npn, and to determine their 

condition. Also, diodes can be tested for opens or 

shor ts, for polarity and for their rect ifying ac tion. 

Transistor Testing 

When a pnp trans istor is under test. the emitter 

has a positive voltage applied through Rl and the 

collector is at a negative potential. Unless there is 

0
/ ~Tl6~~~~,BE
0
TA / 

_ ISATO _/ -

PNP NPN 
TRANSISTOR TRANSISTOR 

Sl 

Fl 

DIODE 

52 

NONLINEAR 
TRANSISTOR 

GODD REVfNRSED DPEN SHORT 

CQCC50GS .__ ___ c_A_L_1s-R-AT_E __ 

Schematic and test waveforms for 



c urrent flow in the base-emitter circuit , only a very 

s mall leakage c urre nt flows in the collec tor-emi tter 

circu it. 

During th e half-cycle that makes th e e mitter posi­

tive, emitte r-bas e c urren t flows through R3 and R4 

(R3 is used for curre nt limi ti ng when R4 is set at 

zero). The voltage produced by thi s c urrent flow is 

appli ed to the horizo ntal terminals of the osc illoscope 

an d is a measu re of th e transis tor input current. 

Since th e collector-e mitt er c ircuit is forward­

bi ased by Bl, it follows that when base c urrent 

fl ows, coll ec tor current fl ows through Rl. Thi s is 

th e transistor output current, whi ch is appli ed to th e 

vertical te rmin als of th e oscilloscope. 

During tes t, the verti cal and horizontal voltages 

are dependent on the c urre nt fl ow throu gh resis tors 

R l , R3 and R4. If R4 must be set at zero to gel a 

45-deg trac e, then there is JO tim es more curre nt 

flowing throu gh th e I-kilohm output res is tor Rl 

than is Bowing through th e JO-kilohm in put resis tor 

R3 Lo make th eir vo ltage drops equal. Wh e n its out-

TRANSISTOR 
UNDER TEST 

c 

NPN 

B ~~>--~--~--+~--' 

--4Q_ .. E 

R3 lOk 
Rl 
lk 

R2 

0 
V H 

-------------' ~I ODE @ 
UNDER TEST 

in-c ircuit semiconductor tester. 

(Co11 ti11ued) 

TWO NEW FET IDEAS FROM MOTOROLA! 

+v +v 

OF ~o 

r 2N4351 

-= 

1 "Zero Power" Switching 
Complementary MOSFETs 

Now, you can design ultra low-power complementary 
switching circuits, or circuits with switching times in 
the nanoseconds region using Motorola types 2N4351 
(n-channel) and 2N4352 (p-channel) MOSFETs. In 
addition to exhibiting leakage currents of only 10 pA, 
they also show very low capacitance values. The com­
bination provides a very high inpht impedance resulting 
in a large fan-out capability and almost no loading of 
the driving source. Both units are designed for enhance­
ment-mode, or normally "off" operation. 

Available in the standard TO-72 package, each 
device is 100-up priced at just $4.50 (compared with 
prices in the $7.00 range for most of today's MOSFETs) . 
Here are more detailed specifications for these two 
new state-of-the-art devices: 

CHARACTERISTICS SYMBOL MIN MAX UNIT 
(2N4351-2N4352) 

Switching Time t - 270 ns 
(Total) 

Forward Transfer 
Admittance 

Jyt.J 1000 µmhos 

Reverse Transfer Cru - 1.3 pF 
Capacitance 

Input Capacitance C iu - 5.0 pF 

"ON" Drain Current lo(on) 3.0 - mAdc 

Gate Leakage Current IGSS - ± 10 pAdc 

Zero-Gate-Voltage loss - 10 nAdc 
Drain Current 

Drain-Source "ON" Vos(o"I - 1.0 Vdc 
Voltage 

*Trademark of Motorola Inc. 

tl5Vdc 

L1•1V2 TURNs,'itzo TINNED WIRE ; ID• 1'4';LENGTH•31e' 

l-z•3"2' TURNS,fl8 TINNED WIRE; 10•31e'; 
LENGTH• 112' (TAPPED AT 11f.oi TURNS 
FROM DRAIN) 

2 Low-Cost, Low-Noise 
Plastic RF FET 

Here's a new low-cost junction FET (type MPF102) 
that's priced at just 45 cents each ( 1000-up), making it 
economical for FM-tuner front-ends, yet with such high 
quality performance it's also well suited for a variety 
of sockets in industrial communications equipment -
for both mixer and amplifier applications! The MPF102, 
housed in Motorola's reliable Unibloc* plastic package, 
combines a low 200-MHz typical noise figure of only 
2.5 dB with exceptionally high gain - prime qualities 
for all RF applications! Here are other top specs that 
show the all-around performance of the MPF102: 

CHARACTERISTICS SYMBOL MIN MAX UNIT 
(MPF102) 

Gate Reverse Current IGSS - - 2.0 nAdc 

Zero-Gate-Voltage loss 2.0 20 mAdc 
Drain Current 

Input Capacitance C iu - 7.0 pF 

Reverse Transfer Crss - 3.0 pF 
Capacitance 

Forward Transfer 
Admittance 

IYh l 2000 - µmhos 

Noise Figure NF 2.5 dB 
(typ) 

Write for complete data sheets on the MPF102 and 
2N4351-52. We'll also send you our latest application 
notes on complementary FET switching and RF FET 
circuit design. Then, for sample devices you can try 
right now, contact your nearby franchised Motorola 
Semiconductor distributor or district sales office. 

-w!.eutk~ ~~ =f M MO'TOROLA 
- Se1n1conductors 

MOTOROLA SEMICONDUCTOR PRODUCTS INC . / P . 0 . BOX 955 / PHOENIX , ARIZONA 85001 

Circle No. 66 on Reader Service Card for more information. For immediate sales contact, circle No. 804. 



In-Circuit Tester (Cont'd) 

put current is 10 times its input current, a transistor 

has a beta (c urrent gain) of 10. 
As th e value of R4 needed to maintain th e scope 

trace at 45-deg rises, so does the rati o of the out· 
put current to input current. Thus, when a cali­

brated dial pla te is used for R4, the approximate 
transistor gain can be read from its setting. 

Before making tes ts, the oscilloscope gain should 

be calibrated. To do this, turn switch S2 to the "cal­

ibrate" position . This produces equal voltages 

ac ross Rl and R2 and hence at the horizontal and 

verti cal inputs. By adjusting the verti cal and hori­
zontal gain controls, a 45-deg line trace then can be 

obtained on th e screen. 

Diode Testing 

When testing a diode, 6.3v a-c is appli ed to it. 

This forward-biases it during th e positive half­

cycle and reverse biases it during the other half­
cycle. 

During conduction , the diode effectively short­
circuits the oscilloscope's horizontal input. The full 

voltage then appears across Rl and the oscil­
loscope shows only a vertical trace. 

Throughout th e half-cycle when the diode is not 
condu ctin g. no current flows through Rl and there 
is only horizontal deflection. When the recurrent 
half-cycle traces are combined, th e pattern is half 
vertical and half horizontal fo r a "perfect" diod e. 

Actual diodes produce an imperfec t pattern . 
If a low-voltage zener di ode is being tes ted, the 

horizontal leg will break down at some distance out 
from th e junc tion if the zener is rated at less than 
lOv. Higher back resistance shows up on th e trace 
as a downward slanting of the horizontal leg. With 
high forward resistance, th e verti cal leg slants to th e 
ri ght. 

In-circuit testing will reveal the mentioned traces 
if the circuit resistance is more th a n that of the com­
ponent under test; if not, th e trace will vary by the 
degree of external circuit properti es . When the 
printed-circuit board has more than one identical 
circuit , it is a simple matter to compare these to 
find a bad component. 

Inquiries concerning this invention may be di­

rected to: Technology Utilization Officer , Marshall 
Space Flight Center, Huntsville, Ala. 35812. Ref­

erence: B66-10447. • 

No matter what shape your 



insulation problem is in . . . 

Circle No. 67 on Reader Service Card for more information. For immediate sales contact, circle No. 805. 
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Adaptability is the word for the packaging 
system described on p. 68. Engineers at 
Hewlett-Packard have chosen a design 
course that falls between many individu­
ally tailored units and an all-purpose uni­
versal unit. The end result is a line of 
transducer conditioning equipment that 
uses a few easily modified subassemblies 
that can be assembled to suit a variety of 
end-use requirements. 

It will probably be a while before port­
able TV transceivers become as common 
as today's walkie-talkies, but three en­
gineers at Teledyne Systems have taken 
a large step in this direction. They have 
developed a complete TV station-cam­
era, transmitter and power supply-that 
is smaller than many home movie cam­
eras. Called the "Microeye", this ex­
ample of microminiaturized packaging 
techniques is described on p. 73. 

~~ 
James Hulet, 

Packaging and Materials Editor 

THE ELECTRONIC ENGINEER'S 
DESIGN MAGAZINE 



FLEXIBLE PACKAGING FOR END USE 
What do you need for a unit that does everything? A box to put it in ! 

Four printed-c ircuit boards determin e 

th e final configuration of a unit that is 
designed to meet a wide variety of s ys­

tem requirements. Housed in a plastic 

case, choi ce of three of th e four boards 

is set by initial sys tem requirements. 

Minor system requirements are met 

by modifying the compon ents mounted 

on one of the boards . Field selection of 

compon ent values modifi es the third 

board for specific requirements . The 

package is arranged so that the same 

configuration is used while individual 

s ubmodules are vari ed to match th e end 
use . . The modula r construction simpl i­
fi es manufac turing as well as facili­

tatin g th e various end-produ ct con­

fi gura tions. 

BRIDGE CONTROLS 

The problem of maintaining co n­
sistent produc tion facilities and at the 
same tim e ma tching a varie ty of user 
requirements often ari ses . Two ex­
treme alternatives could be cons id­
ered: A number of individually tailored 
units, eac h designed specifi cally to 
match a customer requirement ; on the 

other hand, a unive rsal unit could be 
des igned to fit all of th e desired re­

quirements. Both techniques ·usually 

result in higher unit cost, the first be­

cause of num erou s manufacturing 

changes in the production of different 

mod els. The second techniqu e is ex­
pensive becau se the user must buy 

capabilities that he may never use. 

JIM ROSE, Western Editor 

TOROIDAL 
INSTRUMENT TRANSFORMER -

BRIDGE 
CONTROLS 

CA LIBRATION 
RELAYS 

CALIBRATION AND BRIDGE 
COMPLETION RESISTORS 

EXCITATION 
- CONTROLS 



Basic excitation supply with second­
ary boards removed. In this con­
figuration each transducer channel 
has its own independent power sup­
ply. Special toroidal instrument 
transformer gives low profile and 
reduces stray flux lines. Molded case 
is of ABS plastic, while hinges and 
snaps are of polypropylene. 

Secondary boards provide bridge con­
trol, bridge completion and calibra­
tion functions. All bridge controls are 
contained on first board and number 
of calibration steps is determined 
by the number of calibration-resistor 
relays installed. Second board con­
tains bridge-completion resistors 
and calibration resistors. Resistor 
positions are labeled to indicate lo­
cation of resistor, 

(Continued) 

PolarHex 
is our name. 

We 're a 
foolproof 

interlocking 
device. 

You can 
fit us 

together 
only 

one way. 

A Hughes 
exclusive. 

So we 
polarize 

every time. ZAP! Like so! 

-,· f~ ··-

And you get us 
in every size of 

Hughes 
MS rectangular 
and high density 

subminiature 
connectors. 

So you're 
guaranteed 
a perfect fit 
every time. 

No misalignment, 
no pin damage. 

CALL YOUR HUGHES CONNECTING DEVICES SALES REPF:ESENTATIVE. He has specs, samples - and a hot line to our factory . California (Northern) Hughes 
Aircraft Company, 535 Middlefield Rd., Palo Alto, 326-7780; California (Southern) West, Inc., #1 Union Bank Square , Suite 512 , Orange, 547-0861 ; Connecticut 
William McCoy Co., 892 Ma in Street, Branford , 488-2012; Colorado Williams Assoc ., Inc ., 4971 Jackson St. , Denver, 388-4391 ; Florida (Also Alabama) John T. 
Brown, Inc., 521 S.W . 31st Ave ., Ft. Lauderdale , 583-4812; Georgia (Also Miss., La., N.C., S.C., Tenn.) John T. Brown , Inc ., 3780 McElroy Rd ., Dorav il le , 
424-6974; Illinois Techn ical Devices, Inc .. 6416 N . Central Ave., Chi cago, 774-8252; Maryland Kraft Sales Eng ineer ing Co .. 
510 Woodbine Ave., Towson, 828-5838; Massachus;tts W illiam McCoy Co., 306 Water St. , Clinton , 365-9254; Minnesota ,-------------------, 
Fred B. Hill Co., 6110 Excelsior Blvd., Minneapolis, 929-6727; Missouri Ridgewood Sales Co., P.O . Box 26, Webster 1

11 
HUGH·ES :

1 Groves Station, St. Louis, 961-0992; New Jersey (Northern), N.Y.C . & Long Island Robert Horne As soc., 2282 Hamburg 
Turnpike, Pompton Lakes, 835-7400; New Jersey (Southern) Thomas Mills Co., 13-B Tanner St., Haddonfield, 429-1005; L ___ _______ ______ __ j 
New York C . W . Flaring & H. R. Murray, Inc., 6585 K inne Rd .. Syracuse, 446-5555 ; Ohio Luebbe Sales Co., P.O. Box 8955, H u G HE 

5 
A 1 R c RA FT c 0 M PAN y 

Cincinnati, 871-4211; Pennsylvania (Western) Anderson Connector Corp ., P.O . Box 237, We xford, 776-3211 ; Texas Space 
Electronics Corp ., 136 S. Ma in St. , Irving , 631-0905; Washington (Also Ore., Ida., Mont .) J. J. Backer Company, 221 W. Galer 
St., Seattle, 283-6470. For export: Hughes International , 5804 S. Cent inela Avenue, Culver City, Californ ia, U.S.A. 90230; 
391 -0711, ext. 14-381; Telex 067222; Cable HUGHESINT. 

CONNECTING DEVICES 

NEWPORT BEACH , CALIFORNIA 

Circle No. 68 on Reader Service Card for more information. For immediate sales contact, circle No. 806. 



New ... 
DIGITAL VOLTMETER 
ELECTRONIC COUNTER 
ANALOG INTEGRATOR 

3 instruments 
in 1 

for 
950 

DIGITAL METER Model DM 5000 
1. Five operating modes: (1) 
0 .1 % DC d ig ital voltmete r; 
(2 ) analog integration ; (3) 
rate and frequency measure­
ment ; (4) period and interval 
measurement; and (5) elec­
tronic counter. 

2. Four-digit buffered display: 
with automatic polarity, 100 
µ,V resolution , no flicker, over­
range and mode indications. 

3. DC voltages in five ranges: 
-+-.1000 V, -+- 1.000 V, ± 10.00 
V, -+- 100.0 V, and -+- 1000. V ; 
calibrated over-range to 40% . 

4. Integration: five full scale 
ranges-1 , 10, 100, 1000, and 
10,000 CPM / vol t. 
5. Rate and frequency: four 
full scale ranges-10 , 100 , 
1000, and 10,000 kHz. 
6. Period: four full scale 
ranges-99.99 ms, 999.9 ms, 
9.999 sec. , and 99.99 sec. 

7. Counter: from 0 to greater 
than 250 kHz with 1 count in 
104 resolution . 

Other features: no adapters 
or plug-ins required . .. 10 
megohm floating input. 

Write today for free Bulletin 701-A. 

•

TECHNOLOGY INCORPORATED 
7400 Colonel Glenn Highway, Dayton, Ohio 45431 

Phone: (513) 426-2405 

Circle No. 69 on Reader Service Card for more information. 

Flexible Packaging {Cont'd) 

Obviously, a compromise between 

th ese two extremes is in ord er. That is, 

combine th e benefits of a co ns istent 

production line with a modular con· 

s truction th at allows th e use r to selec l 

only the fun c tions he needs. Thi s tech· 

nique is demonstrated in th e Hewle lt · 

P ac kard 2480 Seri es of transdu cer con· 
ditioning equipment. 

A single molded-plastic case is used 

for all vari ations of th e unit. Selection 

of one of two circuit boa rd s determin es 

whether each channel will operate from 

its own power source or will use a com­

mon power source. Th ese lw•J board s 

contain all primary exc itation control s 

and s witc hes. 

A second set of uni versal printed-

METALLIC PAINT -
GUARD SHIELD 

NYLON FASTENER 

~I 
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Common-channel power-supply circuit 
board il lust rates unique fasteners and 
switch configuration. Nylon insert fas­
teners snap into receptacles in case. 
Special slide-act ion switches are oper­
ated by molded-plastic levers. By varying 

"". ' g•. .. . . 
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circuit boards is used to match the 
particular type of transducer being 
used. Arranged in piggyback configura­
tion, the first board provides bridge­
control functions. The required cali­
bration steps are determined by th e 
number of relays mounted on th e front 
printed-circuit boards. The piggyback 
board accom modates the necessary 
bridge completion and calibration re­
sistors . With no controls, this makes it 
economical to keep additional PC 
boards already loaded to match the dif­
ferent transducers that are us ed. 

The 2480 series of signal-cond itioning 
modules was developed by Tom Poul­
ter and Mel Cotterill, Dymec Div., 
Hewlett-Packard, Palo Alto, Calif. 

SWITCH 
SLIDE 
LEVERS 

physical location of switc'hes and the con­
figuration of switch-lever slots, ganged 
switches can operate in various modes. 
Complete guarding of power supply is 
accomplished by spraying inside of case 
with conductive metallic paint. • 

Circle No. 70 on Reader .Service 

WHAT'S AN ELECTRONIC 

SPECIALIST DOING IN THE 

SCREEN PRINTING BUSINESS? 

... PRINTED CIRCUITRY, OF COURSE! 

. 
Now, in addition to knowing about capacitors, diodes and 

resistors, you're supposed to know all about film, resolution, 

exposure and wash-out! ... Cheer up! 

Ulano doesn 't know beans about microelectronics ... but we 

know all there is to know about screen printing! We should. 
J 

We've been at it for over 30 years. We're the world's leading 

manufacturer of screen stencil film ... any kind . 

. . . There's a right Ulano film for every project. 

In screen processing 
of complex printed circuitry ... 
there's no margin for error! 
That's why Ulano offers 
a complete line of 
Screen Process Stencil Films 
especially designed for 
the Electronics Industry . 

U I a n ....... ~T .... M1-._s_1o_ o_E_A_N_S_T_R_E_E_T_. B_R_o_o_K_LY_N_._N_._v_. _1_12_3_B _ _ ____ _ 

NEW YORK • CAL IFORN IA • CHICAGO • ZURICH 
In Europe: ULA NO A. G., DrtJere Heslibachstrasse 22, Kusnacht 8700, Switzerland 

Write on your letterhead for special electron ic test kit (no charge) No. 595 I 



HeliDOt'S 
newModel77 

trimmer 
comes clean 
without tail. ~~ ,,. 
----------~ 

First $1.10 cermet trimmer 
that's sealed tor board washing! 

The new Model 77 is an inexpensive wash-and-wear trimmer that's 
sealed for solvent washing on the board without failure. The cermet 
element gives wider performance parameters than any other adjust­
ment potentiometer now on the market. Its pin spacing also makes 
it directly interchangeable with competitive models 3067 and 3068. 

In the low price field, only Model 77 offers essentially infinite reso­
lution, wide resistance range (IO ohm to 2 megohm), and other spec 
advantages shown at right. Quantity prices are as low as $1.10. 

Call your Helipot rep now for a free evaluation sample. Com­
pare Model 77 with unsealed trimmers .. . you'll see there's really 
no comparison. 

~ ~ l TT 
Helitrim Competi t ive 
Model 77 Model 3067 

Wirewound 

Res istance Range, ohms 10-2 meg 50- 20 K 

Resistance Tolerance 10% 10% 

Resolution Essential ly 1.7 (lOOnl to 
inf ini te 0.3 (20 K) 

Sealing Yes No 

Power Rating, watts 0.75 0.5 

Maxim um Operating Te mp. °C 105 85 

Beckman INSTRUMENTS, INC. 

HELIPOT DIVISION 

FULLERTON, CALIFORNIA • 9263~ 

~ 
Competitive 
Model 3068 

Carbon 

20 K-1 meg 

20% 

Essential ly 
infinite 

No 

0.2 

85 

Circle No. 71 on Reader Service Card tor more information. 
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HELIPOT OFFICES 
Helipot Sales Representatives 
ALABAMA 

Murphy & Cota 
904 Bob Wallace Ave . 
Huntsvi ll e 
(205) 536-9121 

ARIZONA 
Barnh ill Assocs. 
4900 E. Indian School 

Rd., Phoenix 
(602) 959-2115 

COLORADO 
Barnh ill Assocs. 
1170 s. Sheridan Blvd . 
Denver 
(303) 934-5505 

CONNECTICUT 
COMPAR New England, 
2357 Whitney Ave . 
Hamden 
(203) 288-9276 

FLORIDA 
Lynch-Gentry Assocs ., 

Inc., Box 13248 
St. Petersburg 
(813) 347-5131 

GEORGIA 
Murphy & Cota 
586 Armour Circle, 

N.E., Atlanta 
(404) 875-2525 

ILLINOIS 
Magnuson Assocs . 
5639 W. Fullerton Ave . 
Chicago 
(312) 622-6322 

MASSACHUSETTS 
COMPAR New England, 
88 Needham Street 
Newton Highlands 
(617) 332-6975 

MICHIGAN 
Sher idan Assocs., Inc. 
Box 128, Lathrup Village 
(313) 353 -3822 

MINNESOTA 
Magnuson Assocs . 
1246 W. 7th St. 
St. Paul 
(612) 227-8495 

MISSOURI 
Sher idan Assocs., Inc. 
P.O. Box 3997 Jennings 

St ation, St. Louis 
(314) 524-4800 

NEW MEXICO 
Barnh ii I Assocs. 
6101 Anderson, S.E. 
Albuquerque 
(505) 265-7766 

NEW YORK 
Ossmann Component 

Sales Corp . 
39 Saginaw Dr. 
Rochester 
(716) 442-3290 
Ossmann Component 

Sales Corp . 
5858 E. Molloy Rd. 
Syracuse 
(315) 454-4477 
Ossmann Component 

Sales Corp . 
1901 Vestal Parkway 

East, Vestal 
(607) 785-9949 

NORTH CAROLINA 
Murphy & Cota 
1106 Burke St. 
Winston-Salem 
(919) 724-0750 

OHIO 
Sher idan Assocs ., Inc. 
Box 37646, Cinci nnati 
(513) 761-5432 
Sheridan Assocs., Inc. 
Box 7486, Cleveland 
(216) 884-2001 
Sher idan Assocs., Inc. 
Box 37 , Dayton 
(513) 277-8911 

OR EGON 
Almac/ Stroum 

Electronics 
8888 S.W. Canyon Rd . 
Portland 
(503) 292-3534 

PENNSYLVANIA 
Sheridan Assocs., Inc. 
Room 416, Penn 

Center Bldg. 
201 Penn Center Blvd. 
Pittsburgh 
(412) 243 -6655 

TEXAS 
Norvell Assocs., Inc. 
Box 20279, Dallas 
(214) 357-6451 
Norvell Assocs., Inc. 
6440 Hi ll croft 
Houston 
(713) 774-2568 

WASHINGTON 
Al mac/ Stroum 

Electronics 
621 S. Michigan St. 
Seattle 
(206) 723-7310 

Helipot Distributors 
CALIFORN IA 

G. S. Marshall Co., 890 Warri ngton Ave ., 
Redwood City • (415) 365-2000 

G. s. Marshall Co., 7990 Engineer Rd ., San Diego 
(714) 278-6350 

G. S. Marshall Co., 2065 Huntington Dr., San Marino 
(213) 681-3292 

METROPOLITAN NEW YORK 
COMPAR New York, 730 Clift on Ave ., Cl ifton 

(201) 471-6090 
OTS Electronics, lnc. ," Box 26, Roslyn Heights 

(516) 621-0025 
COMPAR New York, 335 Crossway Park Drive, 

Woodbury: Long Island • (212) 225-4553 
MIDDLE ATLANTIC 

Angus, Inc., Bur lington County, 
Moorestown, N.J . • (609) 235-1900 

Helipot District Sales Offices 
CALIFORNIA 

Beckman lnstrs., Inc., 2500 Harbor Blvd ., Fullerton 
(714) 871-4848 

Beckman lnstrs ., Inc., 1117 Californ ia Ave. , 
Palo Alto • (415) 326-1970 

METROPOLITAN NEW YORK 
Beckman lnstrs ., Inc ., U.S. Hwy. 22 at Summit Rd ., 

Mountainside, N.J. • (201) 232-7600 

MIDDLE ATLANTIC 
Beckman lnstrs., Inc., Burlington County, 

Moorestown, N.J. • (609) 235-3314 
Beckman lnstrs., Inc. , 12050 Tech Rd ., 

Silver Springs, Maryland • (301) 622 -2500 

CANADA 
Beckman lnstrs., Inc., 901 Oxford St., Toronto 
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JIM ROSE, Western Editor 

COVER FEATl/RE 

A TV STATION IN A CIGARETTE PACK? 
Well , not exactly, but here is a complete te levision station , camera, power supply and 
transmitter in 20.25 cu in ! No apologies to Chester Gould . 

Both integrated c ircuits and ultraminiature di sc rete­

component asse mblies contribute to the extremely 
small package s ize of a miniature television sys tem 
(Fig. 1 ). Advanced circuit-pac kaging design in con­
junction with inge nious solutions to c ircu it problems 

allowed the cons truction of the system, which con· 

forms to establi shed co nventi onal television practice. 

The ultramini a ture television camera transmitter, 

called "Microeye", is completely self-conta ined. 
Opera ting from a nominal 28v suppl y, th e sys tem is 

complete with vidicon, camera control circuits, 

automatic illumination circuits, power supply and 
transmitt ers. The unit trans mits on UHF an d ac-

commodates s tandard 8-mm optics. Completely 

compatible with standard com mercially available 
television monitors, the sys tem provides a stud y 
in advanced packaging techniques. 

Overall Package Design 

The extremely s mall package SIZe (F ig . 2) of 
th e "Microeye" is accomplished by utilization of 

MEMA's (mi croelectron ic modu lar asse mbli es). See 

EON, Sept. 14, 1966, p. 102. These assemblies are 
hybrid in approach and use either integrated-circuit 

chips or discrete components bonded on an alumina 

substrate (F ig . 3 ). Conformal in size, the substrate 
serves as a vehicle for deposited resistors and 
capacitors as well as in terconnecti ons between th e 

Fig. 1-Ultraminiature TV system is 3 by 4-1 /2 by 1-1/2 inches and weighs about 1-1/2 lb without optics. 

ONE SHOTS and BLANKING CIRCUITS 
POWER 
SUPPLY 

ONE SHOTS and 
BL AN KING 
Cl RCUITS 

CRYSTAL 

AGC, LINE 
DRIVER and 

PREAMP 

COUNT DOWN and 
OSC I LLATOR 

HORIZONTAL 
V ERT i CAL 
SWEEP 
GENERATOR S 

Fig. 2- Packaging techniques used in 
" Microeye". Half-inch vidicon and deflec­
tion yokes ut ilize 1/3 of total volume 
package. Unit is assembled of discrete 
components and integrated circuits. 

(Continued) 
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High 
Performance 
TDKEPCores 
A variety of high-performance materi­
als for covering the full s pectrum of 
frequencie s from the audio region up 
to the megacycle region a re availa ble . • The de sign s are based on the magneti-
cally optimum dimensional ratios that 
are not bound by the conventional 
design concepts but are calculated to 
fully exploit the characteristic proper­
ties of the material. 

• The size is greatly reduced and the 
shielding effects are amply secured 
for satisfactory performance even in 
the condition of high packed density 
in the device . 

• High adaptability to mass production 
of transformers is insured by the 
well-designed construction and by the 
availability of a full line of accessories 
for facilitating the winding process . 

,,., 

Write to MH & W for full technical data 
and information on applications 

lf.11 f.11 Representative in U. S. A . & Canada 

~ LlJ ~ fMH&w0iNrERNArloNAL 
~ CORPORATION 

280 Midland Avenue Sadd le Brook, N. J. 
07662 
Phone: Area Code N. J : 201 -791 -6277 

N. Y : 212-244 -0695 

@ TDK 
TDK ELECTRONICS CO .. LTD. 

2-14-6 Uchikanda, Chiyoda-ku, Tokyo, Japan 

Circle No. 72 on Reader Service Card for mote information. 
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TV Station (Cont'd) 

e lements. Wire leads arc used to int erco nnect 

co mpon ent and s ubstrate pads. 

The MEMA packages (0. 5 by 0.5 by 0.162 inc h) 

have leads on one s ide th at a rc a ttached to inte r­

connection boards. Int erco nn ec tion boards have 

printed-circuit co ndu c tors on both sides and are 

used to make all inte rconnec tions within a sub­

assembly. Each subasse mbl y forms a solid bloc k. 

Subassemblies are arran ged in opposition and over­

a ll interco nn ections are accommodated by two 

mother boards at opposite ends of th e inte rco n­
nection boards. 

The Camera Tubes 

The largest element (a nd the only nonsolid-state 
co mpon ent) is th e vidi co n tube. Initially, two 

vidico n approaches were analyzed. (1) A mag­

ne ti cally deflected and magnetically focused vidicon 

a ppeared i 111 practical because th e deflection and 

focus coils associated with the tubes were too 

la rge. (2) To achieve minimum size, an e lectro­

stati c defl ection and focus unit would be th e mos t 

des irabl e. However, none is available. 

As in most cases, a co mpromise res ulted in th e 

VIDEO 

PEAKING 
COIL 

"10 h 

OUT 

use of a 1/2-inch vidi con with magnetic defl ec tion 

and electrostatic focus. 

The Video Amplifier 

The small package size prec luded the use of 
large capac itors and induc tive elements. Further, 

th e inherentl y low input impedances and associated 

shunt capacitance of th e vidicon made the use of 

integrated-circuit elements imposs ible. Conv en­

ti onal video amplifi ers (Fig. 3 ) use large capac­

itors and peaking coils to achieve broadba nd-pass 

characteri s tics. A stable video amplifi er was de­

signed for th e " Microeye", which gave broadband 

capabiliti es without the use of pea kin g coils. In­
itially, th e ph ysical size of couplin g ca pac itors 

limited th e low-frequency respo nse to 300 Hz. 

Advances in capacitor technology now allow re­

s ponses down to 60 Hz with no s ize co mpromises. 
The video amplifier is assembled of di screte com­

ponents packaged in six MEMA asse mbli es . Each 

stage has its own deco uplin g and feedbac k to in­

crease isolation and reduce noise. The video 

amplifier is located in proximity to the target 

elec trod e of the vidicon to minimize noise and as-

Fig. 3- MEMA package uses either discrete 
components or integrated circuits. Video­
amplifier stage is fabricated from discrete 
components, while countdown circuit uses 
multiple integrated chips_ 

Fig. 4- Video-amplifier circuit had to be 
developed without the use of peaking 
coils and large capacitors. Typical video­
amplifier stage {a) is compared with new 
circuits {b). Each new circuit is contained 
in a MEMA package. 

VI DEO 
IN 

OUT 
~~-+-~~~----tf--i 

"0.25 µf 
for 300 Hz 



soc iated s hunt capacitance. 

Vidicon Control Circuits 

ln keeping with good televis ion-des ign practice, 

a 15.75-kHz horizontal sweep is used. To obtain 

full int erla ce, a 31.5-kHz crystal-controlled te m­

perature-stabilized oscillator driv es a divide-by­

two c irc uit. Vertical interlace sca nnin g (at 60 Hz) 

is ob tain ed by further co unting down th e oscillator 

frequ ency. Two divide-by-five circ uits, one divide­

by-seve n circ uit and one divide-by-three c irc uit are 

used. Each divis ion c ircuit is co ntain ed in its own 

MEMA pac kage. Tne oscillator is assembled of 

discrete co mpon ents and occupies approximately 

0.34 c u in. 
Digital c irc uits are used for th e proper generation 

of co ntro l pul ses. Int egrated ci rc uits, multivibra­

tors and ga tes are pac kaged in ME.MA's to form 

co mposi te and non co mposite blanking pulses, and 

vertical, horizontal and co mposite sync pulses . 

Relatively co nve ntional protection c ircu its protect 

the vidicon from failure of sy nc or sweep by bias­

in g th e vidicon cathode positive. 

f1o1ll inte rlace scanning is used in the "Micro<:>ye" 
camera that e mploys th e co nve ntional 262.5 lines 

per frame. This nonintegral number of lines ca uses 

the firs t scanning field to end at the bottom ce nter 

of th e fram e and the second scann in g field to end 

at the bottom right of the frame. Commercia l s tand­

ard co mpos ite-video signals use eq ualizing pulses 

to co mpe nsate for this tim e int erval. Originally , 

equalizing pulses were needed beca use direct­

driv e vertical-sync circuits were used, and eq ualiz­

ing was needed to obtain proper inte rlace. Modern 

te lev is ion receivers inte rlace properl y without 
th e m, but co mm ercial trans mitt e rs co ntinu e thi s 
es tabli s hed practice. 

It is in the e mployment of equalizing pulses that 

th e miniature camera d eviates from s tandard tele­

vision prac ti ce. It was found that th e absence of 

equal izing pulses causes no degradation of th e pic­

ture and th ey were eliminated Lo co nse rve package 

volume. However, future units will in c lud<:> thi« 
feature to mak e it completely compatible with 

co mmercial television practices. 
Vertical sweep is accomplished with th e di screte­

co mpon ent Miller integrator. The output drive is 

sy nc hronized to the basic ver ti cal-osc illator fre­

quency, as is the horizontal sweep generator. Both 

swee p generators are coupled through powe r s tages 

to the deflection yokes. 

(Cofltin11ed) 

Four ways to put the damper 
on component failure. 

They're our 3M Brand Inert Fluorochemical Liquids 
- FC-43, FC-75, FC-77, FC-78-and the one whose 
propert ies are best for cooling you r component will 
make it as reliable as a coolant can make it. 

That's because our Inert Liquids are far more 
efficient at removing heat - a prime cause of com­
ponent failure - than either air or other dielectric 
coolants . Now your component can operate at lower 
temperatures and with increased reliability. 

You can also reJy on our Iner t Li quids for other 
important properties. High on th li st are high di­
electris;,--strength, high temperatures ility, chem i­
cal ·f1€ rtness, compatibility, and nonflam ability . 

Circle No. 73 on Reader Service Card for more information. 

All of which makes 3M Brand Inert Liquids as good 
for test bath applications as they are for cooling. 
You can re ly on that. 
r----------------- ---------------- - , 
I 3M Chemical Divis ion I 
: Dept. KCK-567, St . Paul, Minn. 55119 : 

: Send me a ll the details about 3M Brand Inert Liquids. : 

: Name : 

: Address : 

: Company Title : 

: City State Zip : 

i Chemical Division 31!1 i 
L-------------- - -------------------J 

For immediate sales contact, circle No. 808. 



Truarc® Series 
5555 GriprinG 

Ring assembled 
on shaft 

Suitable for ungrooved shafts, tubes, bosses and studs 

The Truarc Series 5555 GriprinG is a 
self-locking fastener which provides a 
removable shoulder for accurately 
locating and retaining components on 
shafts and similar parts . It exerts a strong 
frictional hold against axial displace­
ment and is secure against relative rota­
tion between the ring and retained parts. 

The Series 5555 is especially suitable 
for tubes which cannot be grooved and 
for plastic shafts, castings and other 
parts with large tolerances. It can be 
used on round, hexagonal and D-shaped 
shafts, as well as shafts having parallel 
flats or other configurations. Used in 
place of set collars, cotter pins and 
threaded fasteners, it permits the use of 
shorter shafts and eliminates costly 
drilling and threading. Because the ring 
can be seated at any point on a shaft, it 
automatically compensates for toler­
ances and prevents end-play or binding 
in the assembly. 

The Series 5555 is available in 22 
sizes for shafts .078" to. 755" dia. It can 
be installed and removed quickly with 
Truarc pliers (photo above) or with a 
special GriprinG asse mbly tool 
designed for high-volume applications. 
The ring will not mar a shaft and is re­
useable following disassembly. 

Series 5555 ring holds hex inlet 
coupling captive on oxygen regula­
tor. Eliminates need for special nut 
and threading operation. 

Dictating mach ine uses Gripr inG 
for precise seating of tape guides. 
Ring permits fast assembly without 
machining to close tolerances. 

~
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Installation with 
Truarc pliers 

0 
There's a Truarc 
retaining ring for 

c 
every fastening requirement 

The Series 5555 is just one of 
more than 50 functionally different 
Truarc retaining rings available for 
shafts, bores and housings .040" to 
1 O" dia. There are rings for axial 
assembly, radial assembly and end­
play take-up .. . rings used in grooves 
and self-locking types like the Grip­
rinG which do not require any 
groove. Altogether, there are over 
800 standard sizes in 8 metals and 
14 finishes! And there's a Truarc 
tool for every assembly need. For 
complete data, get your free copy 
of the new 128-page Truarc Tech­
nical Manual. Write to­
day or call your local 
Truarc representative or 
distributor . They're in 
the Yellow Pages under 
" Retaining Rings" or 
"Rings, Retaining." 

·lf~o@ Yellow 

Sii OUR CATALOG IN ~ 

THOMAS MICRO.CATALOGS Pages 

Circle No. 74 on Reader Service Card for more information. 

TV Station (Cont'd) 

The three primary camera-operating controls, 
beam, target and video ga in , are fix ed. Beam current 
and vid eo gain are matched to the vidi con that is 
used in the unit. Target voltage is a function of the 
incident illu mination on the vidicon, and a li ght­
sensing circuit is employed to supply the proper 
target voltage . 

The Transmitter 

The transmitter is a single- transistor RC-con­
trolled oscillator packaged in cordwood fashion. 
The oscillator is modulated by the signal from the 
line driver. When licensed, the transmitter may 
drive a whip anten na and satisfactory s ignals may 
be obtained at distances up to 110 ft. 

The Power Supply 

The second largest volume contained within the 
unit is required by the power supply. The power 
supply is a preregulated d-c to d-c converter. 
Utilizing wood packaging techniques, the power 
supply developes eight distinct d-c voltages for the 
unit. It suppli es -2v, +4v for the integra ted cir­

cu its; + 12v for th e di screte-component elements; 
+12v for the video amplifier, and 6.3v, +lOOv, 
+400v and +600v for the vidicon. 

A toro idal transformer is used to accomplish two 
prime purposes. (1) Because the tran sformer coupl­
ing coefficient approaches unity, the physical size 
of the transfo rmer is reduced. (2) The close coupling 
reduces the stray magnetic flux and its influence on 
adjacent circuits. The low voltage are individually 
transformed and rectified to reduce the power con­
sumption of the sys tem (approximately llw). 
Power-supply switching transistors are heat sinked 
to the case of the unit to provide stable operation. 

The proximity of the power supply to all other 
camera elements provides an interes ting des ign 
problem. To minimize switching transients that 
cause picture distortion , the power-supply switch­

ing must be synchronized to the scanning rate. 
Switching occurs during blanking periods and 
causes no distortion. When the camera is turned on, 
this technique presents the proverbial '·chicken or 
the egg" situation , because the sync pulses are not 
developed until power is applied. To circumvent 
this, the switching transistors " free run" at near 
blanking frequency until the oscillator is in operation. 

The "Microeye" ultraminiature television sys­
tem was developed by Bob Sussman, Ned S. Drago 
and Austin Bennett, members of the design team 
at Teledyne Systems, Los Angeles, Calif. • 



PRECISION MOLDED 
MONO BLOCS 

• 

' PHENOLIC COATED MONOBLOCS 

• 

-"NEW FLAT-PACK MONOBLOCS " 
Five 10,000 p F. capacitors in one 

• package 

IF YOU NEED 
SMALLER 

NEW HIGH VOLTAGE MONOBLOCS 
1400 pf. at 3 K Volts . . . 
in only .003 cu. in. 

· ~ 
NEW BUTTON-TYPE 
MONOBLOC FILTER-CAPACITORS 

• 

Quality 
CAPACITORS•••· 

Specify 

MONOBLOC CHIPS 
Any SIZE and shape available 

•••••• 
ERIE 

MONOBLOCS 
WORLD'S MOST COMPACT 
TRIMMER CAPACITOR ... 
5 to 25 pf. 100 WVdc 

• 
UNMATCHED for 
VOLUMETRIC EFFICIENCY, 
STABILITY and RELIABILITY 

In today's microcircuitry, Erie's unique 
MONOBLOC Ceramic Capacitors 
provide the answer to difficult 
packaging problems ... particularly 
where high capacitance , demanding 
stability, great reliability and severe 
environmental conditions are 
deciding factors . 
Monobloc Subminiature Capacitors are 
available now for a wide variety of 
microcircuit applications. Currently, 
Monoblocs are used extensively in 
aerospace and military control 
equipments, communications computers 
and other areas requiring the reliability 
of performance so characteristic of 
Erie Monoblocs. 
You name the capacitance problem 
and Erie will provide a Monobloc 
Capacitor with better reliability . .. 
in a smaller package. Write for 
Monobloc Ceramic Capacitor 
literature. 

Another Series of Components in Erie's Project "ACTIVE" 
Advanced Components Through Increased Volumetric Efficiency 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC . 

Erie, Pennsylvania 

® 

''Nonqreph Finds Thermal Noise 
~·. p. 82 Circle No. L82 

"Simplify Your Power-Factor Calcula-
tions,., p. 84 Circle No. L63 

"Know Your Magnetic Recording 
Head", p. 86 Cin:le No. L84 

THE ELECTRONIC ENGINEER ' S 
DESIGN MAGAZINE 
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Laminated plastic tube forms with 
direct-from-mill advantages 

Synthane laminated plastic t ubes do not have to 
be round. Synthane produces all the shapes above 
and many more- to your order - in phenolic, mel!l­
mine and epoxy grades. Round t ubes are avail­
able in a wide range of diameters, wall thicknesses 
and grades from our Instant Stock. Most complete 
laminated plastics fab rication faci lities in the U. S. 
Contact Svnthane Corporation, 53 River Road, 
OAKS, PA. 19456 

~ 
Laminated Plastic Sheets. Rods.Tubes and F abr1cated Parts 

Ci rcle No. 76 on Reader Service Card for more information. 

Free ... tells how laminated plastics 
are used by designers in over 25 mechani cal, 
electrical, electronic and chemical applications. An 
excellent guide for the man who is curious to know 
how laminated plastics can also help him. Write 
Synthane Corporation, 53 River Road, Oaks, Pa. 
19456 for your copy of the Special Design Issue of 
Synthane News. 

~ 
Laminated Plastic Sheets. Rods hbes and Fabricated Parts 

Circle No. 77 on Reader Service Card for more information. 

THE NEGLECTED EXCLUSIVE OR 

Because it lends itself so well to 
one application , the extreme ver­
satility of the exclusive OR function 
often is neglected. Here's a look at 
this interesting function , its algebra 
and its uses. 

The exclus ive OR (A EB B) and its inverse, the ex­

clusive OR (A 0 B), are no stran gers to logical 

designers. Use of the exclusive OR in co mputers is 

so well es tabli s hed that is has been given the special 

name "half adder". Yet in spite of thi s familiarity , 

the exclusive OR's full potential seldom has been 

used. In the following sec tions, the logical basis for 

its use , including exclusive OR/NOR algebra, will 

be demonstrated. 

Definitions 

The exclusive OR (A EB B) is defined as either A 

or B but not both (T able I). The exclus iv e NOR 

(A 0 B) is defin ed as both A and B or neither A nor 

B. The Boolean equations for A EB B and A 0 B can 

be written many ways, several of the more useful 

are given in Table II. 

It is possible to develop an algebra us ing the EX 
OR and EX NOR definition s with or without the 
AND and OR logica l operat ions. The following li st 

sh9ws the basic theorems. Theore m 10 requires 

induc tion for its proof, whil e 1 through 9 can be 

proved by simple substitution. 

From th e above theorems th e following rules can 

be derived: 

1. If any variable is co mplemented or any opera­

tor inverted (0 to EB or EB to 0), the fun ction is com­

plemented; e.g., A 0 B EB C =A 0 B EB C =A EB 

B EB C. 
2. Any co mbination of variables (co mplemented 

or un co mple mented) and the operators (EB, 0 ) will 

combine into either the even or odd parity function. 
For exa mple, A 0 B EBC =ABC+ ABC+ ABC+ 

ABC (odd parity). 

3. To synth esize any eve n or odd parity function 

using EX OR/NOR gates only with any co mbination 

of com plemented or uncomplemented variables, 

one variable at mos t need be inverted. 

4. To determine if a fun ction is eve n or odd parity, 

count the number of EX NOR (0 ) operators and 

sum this with the number of co mplemen ted vari­

ables . If th e s um 1s odd, th e function is even 

parity; if the sum is even, the fun ction is odd 

parity. 

5. From Theorem 10: A EB B =A EB B , A 0 B 

AOB, and A EB B EB C = A 0 B 0 C. 

EX OR Versatility 

Any arbitrary Boolean fun ction can be syn th e­
s ized by using a collec tion of universal gates such as 

(DA G)A=O ... ... . . .. . . . . . Q9) A0A = l 

Q) A G) A = l ... . .... . .. .. .. .. .. . .... @A0A=0 

G)AG)O=A . ...... ... ... ....... @ A00=A 

G)A@ l .~ A ....... ......... .. @A0l=A 

@If A G) B =A G) C or A 0 B =A 0 C then B = C 

@A©B=BG)A..................... ...~ A0B=B0A Commutoti ve 

(j) A (i) (B 0 0 = (A 0 B) 0 c ® A 0 (B 0 C) = (A 0 B) 0 c I 
@A G) (B 0 C) = (A 0 B) 0 C =A 0 (B (!) C) = Associative 

(A 0 B) (i) C ---l 
® A (B 0 C) =A B 0 AC = (A + B) 0 (A ' C) ... ..... .. " .... <§) A+ (B 0 C) =(A + B) 0 (A+ I 

C) = AB 0 AC Di stribut ive 

@AG)BG)C. . . ®N=A®B®C. . . G) N 

- A 0 BG)C . .. G)N 

Free reprints of this article are available on 8-1/2- by 11 -inch prepunched pages. l:U H .. LL .'I ll. LIJL 



NAND a nd NOR gates. The EX OR/NOR gates, 

however , can synth es ize even/odd fun c tions onl y. 

The EX OR/NOR used in combination with either 

the AND or OR operators becomes in effect a 

universal gate such as th e NAND or NOR. Table 
III show s the synthes is usin g EX OR and AND 

fun ction s. 

EX OR C ircuits 

Some basic c ircuits for imple me nting th e EX OR 

TABLE I 
A B A G B 

0 0 

l l 0 l 

Table 1-Truth ta ble for the exclusive OR/NOR 
function s. 

TABLE II 
A + B 

AB +AB (A+ B)(A+B) 
(A+B)(A +Bl AB +AB 
AB (A+ Bl AB+ (A+1\ ) 

Table 11-The more useful forms of A EB B and 
A O B. 

TABLE III 
A G AB - AB A + AB= A + B 
A G AB - A + B A G AB =AB 

A G AB - AB A G AB - A + B 
A © AB- A+ B A + AB -A+ B 

Tab le II I - Combining the EX OR with the AND func­
tion adds f lexibility to the exclusive OR. 

are shown in Fig. 1. These circ uits are de veloped 

from s tandard gates (AND-OR-NOT-NAN D-NOR). 

If both comple me nted and un comple mented 

variabl es are available, then a , b and c in Fig. 1 
can be reduced to three gates eac h. Although it is 

not usuall y don e, one three-varia ble EX OR cir· 

cuit can achi eve a certain econom y over two two· 

variable circuits . Fig. 1 d shows one approac h 

usin g three varia bles . 
By th e use of non standa rd ga tes (F ig. 2 ), th e c ir­

c uit realiza tion ca n be s implifi ed considerably. The 

ac tual c irc uit c hosen mu st be scrutinized carefully , 

however , beca use a res ulta nt loss of speed , noise 

immunity, fan-out or fan-in may occ ur with th e use 

of nonstandard circ uits . An interesting as pect of 

Fig. 2c is that no power is r equired for operation 

oth er th an the input signals. 

Uses of the EX OR 

The exclusive OR is fundam e ntal to arithm etic 

operations in co mpute rs. Each bit to be add ed in 

a regis te r (afte r th e firs t bit) usua ll y uses two half 

add ers with a carry. The logic of this ca n be seen 

from Table IV. Note that the s um column in Table 
IV is identic al to the A EB B column in Table I. 

Although the principal use of the EX OR is as a 
half adder , thi s versatile circuit can be used in 

ma ny other ways. A few of these are given below. 

1. Consider input A to be a control input and in­

put B a s ignal input. If A is held to logical 0, th e 

output will be in phase with the input (A EB 0 = A). 

If A is he ld to logica l 1, th e out put will be in verted 

from th e input (A EB 1 = A). 

Thi s afford s a conveni ent method to output com­

ple ment on co mma nd . Thi s in vers ion property is 

useful in input/output devi ces wh ere negative num· 

hers a re re presented in compl e ment ary form. The 

fun ction also ca n be used in self- e ras in g circuits 

of error-correctin g codes. 
2. Wh en several EX OR circ uits are combined 

(A EB B EB C), th e output wi!J be odd parity. By 

in vertin g one variable (A EB B EB C), the output will 
be even parity. Thi s is a conve ni ent meth od to 

Mon ty Walker a tte nded 
the Univers ity of Kansas 
and s ta rt ed hi s engineering 
career troubleshooting fire· 
control sys te ms in the 
Navy. Des ign responsib ili­
ti es have included logic 
des ign for digital ins tru· 
me nts and sys tems such as 
A-D converte rs, tim e-code 
genera tors and high-speed 
da ta-acquis ition sys te ms. 
He is now prin c ipally engaged in th e logic modifica tion of 

the Goldstone Deep S pace Antenn a. Prior to joining Dy· 
na mi cs, Mr. Walk er se rved as an overseas representa tive 
for Lockheed Airc raft Corp. , specializing in elec tronic 
counterm eas ures and AS W sys tems . 

(Co11t in 11 ed) Circle No. 78 on Reader Service Card for more information. 



500 
to 

1,000 V. 

NPN SILICON TRANSl ·STORS 
Now In stock! A complete line of high voltage diffused 

DESIGN LIMITS npn silicon transistors. The 2N5010-2N5015 series has 
1Ye10 IVeu Bvtao PT 

Volts Volts Volts Witts 
a voltage range of 500 to 1,000 volts. They are available 
in either a T0-5 or flanged package. These high voltage 

!)pt le=o.1 le=0.2 le = 0.211• I• =50 @100•C ... ... R= IJ<ll M Case 
silicon transistors can extend many standard applica-
tions as well as open the door to new design capabilities 

Min. Min. Min. Mu. (i.e., replacing vacuum tubes for driving CRTs). For com-
2N5010 500 500 5 2 plete information on these and our full range of inter-
2N5011 600 600 5 2 mediate and lower voltages, call or write today. 

2N5012 700 700 5 2 

2N5013 BOO BOO 5 2 
" 

~OLLECTOR CHARACTERISTICS 

2N5014 900 900 5 2 .. 
2N5015 1000 1000 5 2 

PERFORMANCE DATA 

" } 2N5015 
~ 

18 • 0 .05 mAtsTiP t--
B 

Va! Sat VCE Sat . 
hFE Volts Volts 

" Ve•= 10v 11 = 511• lo=511A .. 
lYP• le= 25 le= 20 le= 25 le - 20 le= 25 le= 20 ... ... ... .. . ... ... 

Min. Max. Max. 

1 ~· 
·:;.. 

' 
2N5010 30 1.0 1.4 . 
2N5011 30 1.0 1.5 • . 
2N5012 30 1.0 1.6 

' 
2N5013 30 1.0 1.6 

2N5014 30 1.0 1.6 

'• l 

' 
.J 
J 

2N5015 30 1.0 1.8 
0 , .. ... ... ... aoo •oo 100 . .. ... 0000 OK>O ... 

Vet (Vex.rs) 

" 

M. S. TRANSISTOR CORPORATION 
SUBSIDIARY OF S !LICON T RANSISTOR C ORPORATION 

80-02 5lst Avenue, Elmhurst, New York 11373 (212) 478-3134 

Circle No. 79 on Reader Service Card for more information. 

OR (Cont'd) 

se parate arbitrary fun cti ons into even and 

odd categories. It also can be used to 
compare two fun ctions or the contents of 

two regi sters. 

TABLE I'l 
A B SUM CARRY 
0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 

Table IV-Truth table for adder depicts how 
the SUM column is exactly the same as 
A EB B from Table I. 

AND NAND 

A~-+-~~~~~~-'\"........_ 

s~-r--..~~~~~-L..../ 

=D-
OR 

Fig. 1-Exclusive OR circuits using standard gates. 

A 

B 

Fig. 2-A variety of nonstandard circuits for im­
plementing the exclusive OR function. 



Conclusion 

The exclusive OR and its complement, 

the exclusive NOR, are extremely versatile 

circuits and can be used in many ways 

other than as elements in an adder. Un­

fortunately the circuit as a standard gate 

has had limited acceptance. Although 

some manufacturers package so-called 

·exclusive OR gates, their functioning 

depends on both the complemented and 

uncomplemented variables being present. 

In spite of this need, logic simplicity can 

be achieved using these gates. • 

=D-" 
NOR NOT 

A----__,,,,,.._-, 

B--+-...,__,.,..,.__. 

B @ 

For free 9112. by 11-inch reprint, CIRCLE NO. L61 

King Radio needed.: 
capacitors that stay reliable even 

with extreme cold, humidity 
and vibration. 

So King Radio chose: capacitors 
of ~~R~. ~~~ 

Strict aircraft safety ·standards require 
the most reliable navigation equipment 
available. That's why King Radio Cor­
poration uses capacitors of MYLAR* 
for their Distance Measuring Equip­
ment. MYLAR can take temperature 
extremes from -60° to _+I50°C ; 
MYLAR remains constantly stable un­
der humid conditions. 

• ou PONT'S REO IST ER EO TR AD EMA RK .l'OR ITS POLYESTER .. ll M. 

But reliability 
isn't the only reason King Radio chose 
MYLAR. The extremely high dielectric 
strength of MYLAR permits its use in 
thinner film, thus helping King Radio 
to build the lightest and most com­
pact distance measuring unit on the 
market. MYLAR is available in films as 
thin as 15 gauge. 

And another reason why you will 
want to investigate using capacitors 
of MYLAR : they usually cost no more 
than others. Write for complete tech­
nical data to DuPont Company, Room 
4960, Wilmington, Delawa re 19898. 
(In Canada, for info rmation write 
Du Pont of Canada Ltd., Post Office 
Box 660, Montreal, Quebec.) 

~MYLAR® 
... .... , __ TOJ' 

Circle No. 80 on Reader Service Card for more information. 



NEW SOLID STATE CYCL-FLEX® TIMER 

RENOWNED ELECTROMECHANICAL CYCL-FLEX TIMER 

The Man from E.A.G.L.E.* offers you a range of accurately controlled Cyc/­
Flex time delays that run all the way from 1120 second to 60 hours. These 
timers, housed in their now famous plug-in cases, may in fact be inter­
changed. The HP5 Cyc/-Flex is a synchronous, motor driven, precision in­
strument providing accurate delay between control-circuit actuation in the 
operation of load circuits . Maximum settings range from 5 seconds to 60 
hours with minimum settings from 116 second to 2 hours. The CE300 Cyc/­
Flex is a solid state timer t.hat overlaps the HP5 in the lower time ranges. Th e 
300 series offers dial ranges of 10 seconds and shorter, with minimum set­
tings from 1/20 second to 112 second. Depending on contact load, average 
mechanical life is more than 10,000,000 operations. 

Whether you need short time cycles at a fast repetitive rate, or longer but 
still precisely-controlled delays, the Cycl-Flex Series will give you exactly 
the right answer .. . for specifications, get our HP5 Series Bulletin 125 and 
our CE300 Series Bulletin 155. Write Eagle Signal Division, E. W. Bliss Com­
pany, 736 Federal Street, Davenport, Iowa 52808; or call (319) 324-1361. 

l:J!FfJl•IEAOLE SIONALI 
A D IVI SION OF THE E . W . BLISS COMPANY 

*E.A.G.L.E.-Engineering Assi stance Given Locally-Effectively. 

For information on CE300 Timer circle Reader Service Card Number 45 
For information on HPS Timer circle Reader Service Card Number 46 

NOMOGRAPH 

Given frequency, input C and ampli­
fier input Z, only two operations are 
required to find the equivalent ther­
mal noise voltage. 

WALTER PIETRZAK, JR ., Straza Industries, El Cajon, Calif. 

Wh en an amplifier is fed from a capacitive so urce, 

th e s pot (one frequency) noise is ge nera ted by th e 

real part of the impedance. Thi s nomograph re­

du ces th e calc ulati on required to arrive at the 

noi se value. 

The impedance at the amplifier input is 

R - j R2 w C 
Z = _R_2_w_2_c_2_+_1 (1) 

The thermal noi se is ge nerated by the real part 

of thi s ex pression , whi c h is 

R 1 
(REAL Z) = R2 w2 c 2 + 1 = R w2 c2 (2) 

The mean squ are th ermal noi se voltage assoc ia ted 

with th e real part of Z is g ive n by 

for this case 

e2 = 4 k T df (REAL Z ) 

df = 1 (spot frequency) 

T = 25°C 

Combining Eqs. 2 and 3 

- 1 
ez = 4 k T df R w2 c 2 

Eq. 4 forms th e basis for th e nomograph. 

(3) 

(4) 

Nomograph of equivalent spot thermal noise voltage 
of the parallel combination of a capacitor and an · 
amplifier input resistance. 
Using the nomograph: 
1. Choose t; C and R (In the example t = 10 kHz, 

C = 0 .001 µf and R = 1 megohm). 
2. Draw a line between the chosen f and C. 
3. Mark its intersection on the reference line. 
4. Draw a line from the marked point on reference 

scale to the chosen R. 
5. The intersection of that line with the e' scale is the 

desired equiva lent thermal noise voltage in db 
re lv . • 

Free reprints of this a.rticle are available on 8-l/2- by 11 -
inrh prepunched pages. CIRCLE NO. L62 



FINDS THERMAL NOISE VOLT AGE 

R REF c 
lOOOM !OM 10 

-340 

-300 

lOOM lM 1.0 

-260 

lOM 
-;:.-
0 

lOOk o. 1 
> .. -;:; E ~ ~ .L: 0 ~ -!?. 
" UJ ..0 >- UJ 

u ..0 u u 
z - ~ -220 z z UJ < ::::i < 
I- I"'., 0 I-

"' UJ u ;;; 0:: < UJ lL Cl. 
0:: < u 

lM o. 01 

lOOk 0.001 

lOk 100 o.ooo 1 

INSTANT EAGLE RELAYS 
Test Themlmmediate/y ... Get Production Quantities in Two Weelf.s! 

That's right .. . Eagle challenges you to compare them with any relay on the 
market. NOW you can get immediate delivery on these general-purpose or 
medium-power relays. Test results prove they're the finest of their kind in the 
world. Eliminate your relay delivery problems. Call your "Man from E.A.G.L.E." 
... listed below. You'll find he has full details and specifications on Eagle relays. 

Distributors 
Burlingame, California 

415·697·6244 
Glendale, California 

213·245-1172 
Englewood, Colorado 
. 303-781·0912 

Hamden, Connecticut 
203-288-9276 

Orlando, Florida 
305·855-3964 

.Baltimore, Maryland 
301-484-54-00 

Newton Highlands, Mass. 
617 ·969-714-0 

Minneapolis, Minnesota 
612·922-7011 

Clifton, New Jersey 
201·471-6090 

Haddonfield, New Jersey 
609·429-1526 

YOUR "MAN FROM E.A.G.L.E." 
Representatives 

Albuquerque, New Mexico Scottsdale, Arizona Hackensack, New Jersey 
505·265-1020 602-947-4336 201-342-2602 

Albany, New York 
Pasadena, California Latham, New York 

213-681-4421 518-785-5032 518·436·8536 Jacksonville, Florida Rochester, New York Depew, New York 305·388-7656 716·436-4410 716-684·5731 Orlando, Florida Skaneateles, New York 
Endwell, New York · 305-422-4295 

Roswell, Georgia 315-685-6172 
607-723-8743 

404-993-6498 Fairfield, Ohio 
Fairborn, Ohio Chicago, Illinois · 216-333-4120 

513-878-2631 312-775-5300 Havertown, Pennsylvania 
Fairview Park, Ohio Chicago, lllinols 215-528-6640 

216-333-4120 312-784-7314 Dallas, Texas 
Baltimore, Maryland 214-748-7788 

Dallas, Texas .301·276·1505 Houston, Texas 214-363-1526 Norwood, Massachusetts 
617-769-3600 713-224-9715 

Houston, Texas Minneapolis, Minnesota Bellevue, Washington 
713·649·5756 612-922-0243 206-454-5200 

Seattle, Washington St. Louis, Missouri Charleston, West Virginia 
206-725-7800 314-428-5313 304-342-2211 

l:J!~iJl•IEAGLE SIGNAL! 
A DIVISION OF THE E . W . BLISS COMPANY 

736 Federal Street, Davenport, Iowa 

Circle No. 81 on Reader-Service Card for more information. 



DoesAEmake 
the world's prettiest 
dry-reed switches? 
Some of our customers think so. 
They go for the chic look of our PC 
Correeds on a printed circuit board. 

Our designers are flattered. But 
they point out that the beauty of a PC 
Correed is more than skin-deep. 

strength. You can pack these smart­
looking switches as densely as you like. 
Because of their low profiles, magnetic 
shielding, and standard PC terminal 
spacing (multiples of 0.200"). 

PC Correeds are available with 1, 2, 
3 and 5 reedcapsules, in contact forms 
A, B, C and magnetic latching. You 

can get many of these modules right 
from stock. So it's easy to put a little 

# beauty in your life. 

Take the contact leads. We keep 
them separate from the terminals-to 
eliminate strain. The terminals 
themselves have "I-beam" strength. 
They are longitudinally ribbed for 
extra rigidity-for easy insertion 
in PC boards. ~~-~;;:::;~ 

The contact terminals 
are welded, not soldered. 
This makes a better elec­

Want some helpful new de­
sign information? Ask your 
nearest AE representative 

for Circular 1070-B. Or drop a 
line to the Director, Electronic 

trical connection. 
We filled the plastic bobbins 

with glass, to prevent moisture ab­
sorption. And to boost structural 

\ ~ Cont~ol Equi:pment Sales, Auto-
·~0\ ma tic Electric Company, North-
~ . lake, Illinois 60164. 

'Y 

AUTOMATIC ELECTRIC 
GEN

1

EARAL TELEPHONE & ELECTRONICS GT&E 
Circle No. 82 on Reader Service Card for more information. 

SIMPLIFY YOUR 

Want to determ ine in a rapid 
fash ion the power factor of an in­
ductive or capacitive circuit ? 

HUGO KOPPE, Correspondent in Holland 

The power factor (cos </;) of a seri es RL· or 

parallel RC-n etwork is given by th e following 
rela tions hip : 

. Rs 
P.F. (ind)=--~-

YR/+ (wl)2 

P.F. (cap) = ----

Example I : A-lh induc ta nce in series with 100 
ohms is s uppli ed a 60-Hz power so urce. From th e 
nomograph: </; = 75°9', cos </; = 0.256. 

Exam p le ll : An inverter sys te m operatin g at 

2 kHz suppli es a 100-oh m load in parallel with a 

capacitance of 0.05 µJ. From th e nomograph: 

</> = 3°36'' cos . <P = 0. 998. • 

Free reprints are available on 8-1 /2- by 11 -inch 
prepunched pages. CIRCLE NO. L63 



POWER-FACTOR CALCULATIONS 

tanlt> = ~ = RpwC 
Rs R5 (ohms) c 

I (Hz) 

"' cos "' 
100 10,000 10 µf 1 Oh 

8000 8 8 
10.000 89° 6000 6 6 

8000 0.02 200 
6000 4000 4 

88° 
0.03 300 3000 3 

4000 0.04 400 
3000 87° 0.05 2000 

86° 
600 

2000 85° 800 
0.1 lk 1000 1 µf 1 h 

800 0.8 800 
1000 80° 600 0.6 600 
800 0.2 
600 400 0.4 400 

0.3 300 0.3 300 
400 70° 

0.4 200 0.2 200 BRIGHT 300 60° 0.5 6 
200 50° 0.6 8 

0.7 1 Ok 100 0.1 µf 100 mh 

BOLD 40° 0.8 80 0.08 80 
100 30° 60 0.06 60 

80 0.9 20 
0. 04 40 

60 20° 40 CHARACTERS 0.95 30 30 0. 03 30 
40 40 

WITH 30 20 0.02 20 
10° 60 

20 
0.99 80 MAXIMUM 0.995 lOOk I 0 10,000 pf lOmh 

50 8 ' 8000 8 
10 

40 
6000 RELIABILITY 8 30 

0.999 200 
4 ..woo 20 300 3 ~00 . 3 

400 
2000 2 Modular Display 

10 600 

40' 800 
1000 pf 1 mh $ lM 1.0 

30' 
I </) R C L 0.8 800 800 

1.0 20' 

ttli1 
0.6 600 600 

0.8 
0.6 0.4 400 400 

10' 0.3 300 300 
0.4 4 
0.3 0.2 200 200 

S' 6 
0.2 8 4' lOM 0.1 100 pf 100 l' h 

3' 80 80 per digit 

0.1 2' RP (oh ms) 60 60 1000 lot quantities 

j:· 
40 40 

··Oc 
30 30 Need more data? Ask 

20 20 
for Catalog L-181. 

POWER-FACTOR NOMOGRAPH. 10 pf 10 µh 
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Bristol socket screws are 
available for practically every 
government or commercial 
plating and finishing spec 

Bristol socket screws 
give you the edge 
in engineering. 

GET THE FULL STORY New 48-page catalog con­
tains helpful, and detailed information. Nine different 
types are described and illustrated. Write for Catalog 
774. Bristol Socket Screws, Waterbury, Conn. 06720 . In 
Canada: Dominion Chain Company Limited, Ontario. 

INDUSTRIAL SUPPLIES & MACHINERY GROUPL i/ 
AMERICAN CHAIN & CABLE = 

Circl e No. 84 on Reader Service Ca rd fo r more information. 

Know Your 
Magnetic 
Recording Head 
This six-paragraph performance 
rundown , together with geometric 
definit ions, is a valuable aid to de­
scribing the design and perform­
ance of the magnetic recording 
head . 

SAM Sf/ATA VSKY, Eastern Editor 

One of the key elements in a magn etic reco rding 

syste m is its magn eti c recording head- th e trans­

ducer converting information fro m th e electrical 

to magne tic, or magnetic to e lectri cal s tate. The 

recordin g-sys tem engineer oft e n gives too littl e 

a tte ntion to th e head or find s th at he has omitted 

spec ifications needed by th e recording head de­

s igner. Also, hi s elec troni c design may not tak e 

into account factors di ctated by th e magnetic re­

cordin g head itself. Wh eth er th e sys tem is a nalog 

or digital , this s pecifi cati on program should be of 

great ass is tan ce in carrying out a magneti c re­

cording design effort. 

Thi s s pecifi cation c hart was de ve loped by Ferrox­

cube Corp. of Ame ri ca , S auge rti es, 1. Y. 

10 

1, 2, 3Overol1 Dimensions 
4 D1stonce, lst frock 

to reference plane 

5 T rock Spacing · center! ine 

to centerline 

6 T rock Width 
7 Read· Write Gap Spacing 

a ::: Azimuth 

p =Tilt 

GR= Gap Scatter (Center! nes 

of Readout Head assembly ) 

Gw =Gap Scaller {Trailing edges 

of Recording Head assembl y) 

Fig. 1-Head-geomet ry 
specification drawing. 

(Co11t.i'.1111ed} 

For free 81/2- by 11-inch reprint, CIRCLE NO. L64 



Recording Head (Cont'd) 

I. Characteristics of the Recording Medium 
A Magnetic Cooltng Thickness 

B Magnetic Coating Flatness 
C Magnetic Coating Coerciv1ty 

D Magnetic Coating Remonence 

OR 
Give corresponding commerc1ol descr1pt1ons , 

such as: "XY Z Brand Recording Tape, Type ABC 

II. Limiting Influences on 

Signals and Signal Patterns 
A Rela11vc Speed (Head·to-Med1um) 

S Flux Reversals per Inch 

C Readout Voltage (magnitude and duration) 

D Drive (Write ) Current 

{mogn1tude and duration ) 

E Inductance per Track 
F Q per Track 
G Crosstalk (maximum allowable 

between ad1acent channels) 

H Resonot1ng reoctance presented 

by external circuit and coble 

Ill. Fixed Elements of Head Geometry (Fig. 1) 
A Number of Tracks 

B Trnck Width 
C T rock Spacing 
D Gap Scatter 
E Read-Write Gap Spacing 
F Contour of Head Surface 
G Out line D1mens1ons 

H Azimuth 

I Tilt 

IV. Predetermined Elements of 
Recording Process Dynamics 
A Process (Drum, Disc, Tope, Magnetic Ink ) 

B "Flying" Distance {Head to Medium) 

C Provisions for gimba!l1ng or mounting 

D Tape Width, T ens1on (Pressure) 

V. Environment 
A T emperoture Range 

B Humidity Range 

C Shock and V1brot1on 

D External Electrical Fields 

E Ad1acent Head Assemblies 

VI. Interface Electronics 
A Type VT , Sol1d-Stote) 
B Configuration (CC, CS , CE , 

A·C D-C Coupling) 
C Quiescent Operating Potent1ols 

(Supply , Signal ) 
D Absolute Limits (Peak Voltages, 

Currents) 

E Impedance Levels 

F Speed of Response 

G Phase Shift 

Six fundamental recording-head specifica­
tions. Items under each specification are 
check points. Limitation on characteristics 
should be avoided except when dictated by 
system requirements. Give maximum and/or 
minimum rather than absolute values. • 

For free 81/2- by 11-inch reprint, CIRCLE NO. L64 

and this and this all because of this. 
Our new Unitek AC Power Supply gives Unibond and positive-phase firing control for precise control of 
Autobond resistance welding systems a new level of pulse amplitude and duration . An exact temperature 
capability in reflow soldering with multihead sensing control assures repeatability from bond to 
electrodes, parallel-gap electrodes, and heated elec- bond, regardless of variations in size and composi­
trodes; in soldering wire, even through insulation; tion of pads and leads. In addition , an indicator light 
and in thin-film welding with a heated wire probe. signals from the moment of solder flow to the begi n­
Maximum efficiency and reliability is attained from ning of cooling ... For more data, contact Unitek/ 
the AC Power Supply through conserv- Weldmatic Division, 950 Royal Oaks 
atively rated all-solid-state construe- UNITEK Drive, Monrovia, California. Telephone 
tion. Operational features include SCR (213) 359-8361 or TWX 910-858-3236. 

Circle No. 85 on Reader Service Card for more information. For immediate sales contact, Circle No. 821. 



ENGINEERING EDUCATION 
IN THE UNITED STATES 

An EON magazine survey. 

OUR SURVEY 

This special feature on education of electronic engi­

neers has been many months in the making. When 

it was first proposed, we thought it would be quite 

simple. Talk to a few deans, a few engineers , a few 

employers and, before you can say "disestablish­

mentarianis m", it's don e! 

Were we surprised? Well , to put it bluntly, it shook 

us up to learn that th e academic community didn 't 

distinguish between elec tronic and electrical engi­

neers. And it bounced us around more than some­

what to find out that many of the educators didn't 

care to dis tinguish among electrical and mechanical , 

civil and aeronautical prior to graduate school. But 

what really spun our props was discovering that 

they cared so little about us as results of thei r 

handicraft that they rarely even asked our opinion 

of their work. You doubt thi s last co mplaint? Well , 

then, read what you've told us about yourselves. 

We sent out several hundred ques tionnaires list­

ing things that we thought you'd like to express your 

opinions on. They were sent to a random sample of 

EXCELLENT (2%) 

•••••••••• GOOD (65%) 

POOR (2%) 

10 20 30 40 so 60 70 80 90 1 00 
PERCENT RESPONDING 

CHART 1 

What kind of a job do you feel the American schools 
of engineering are doing in training new engineers? 

our mailing list. The response , nearly 50 percent, 

was higher than we expected , indicating a lively 

interest in the topic. 

Your repli es have been tabulated for total re­

sponse, geographical respons e and chronological­

the latter related to date of most recent degre e. 

W e felt thj s to be of more inte rest than age. Our 

c hronological groupings were: 

1962-1967 

II 1957-1961 

III 1952-1956 

IV Prior to 1952 

The small size of the sample may prove distress­

ing to those not familiar with th e EDN audience. 

This survey is not meant to provide s tatistical cer­

tainty, but to indicate trends-an EDN goal. It must 

be kept in mind that our ,readers have all been care­

fully selec ted as repres~ntative exam ples of elec­

tronic design engineers, and that such a screening 

results in quite a restric ted population - thus a 

small sample gains much by way of significance. 

Where interesting differences exis t, either geo-

••• MUCH BETTER (18%) 

SOMEWHAT WORSE (12%) 

MUCH .BETTER (8%) 

·····-~ SOMEWHAT BETTER (38%) 

·······~ ABOUT THE SAME (44%) 
SOMEWHAT WORSE (10%) 

20 30 40 50 60 70 80 90 100 
PERCENT RESPONDING 

CHART 2 

How does today's training of new engineers by the 
colleges compare to the professional training you 
received? 

graphical or chronological, th ey are noted in the 

following tex t. We are assuming throughout that 

most of you are working in the same general region 

whe re you had your schooling. 

YOUR ANSWERS 

QUESTION 1: Do you feel that the American 

schools of engineering today are doing a good job 

of training new engineers ? Yes, you do. Chart 1 

shows that for all age groups, 65 percent credit the 

schools with a good job, while 31 percent think that 

they are doing a fair job. We think that the geo­

graphical dis tribution is interes ting. 

Excelle nt 

Good 

Fair 

Poor 

V> 
1-
z 
w 

_J Cl 
_JZ 
<( 0 

~ 
w 

"' 

East 

5% 

60% 

34% 

1% 

100% 

Midwest West 

0 

69% 

29% 

2% 

100% 

0 

75% 

25% 

0 

100% 

6 MONTHS 
OR LESS 

(313) 

ABOUT 1 YEAR 
(49%) 

CHART 3 

Country-

wide 

2% 

65% 

31% 

2% 

100% 

When is the newly graduated engineer's level of 
productivity adequate for the requirements of 
your company's engineering department? 



Apparently, you feel that th e q uality improves from 

East to West! 

QUESTION 2: How does it compare to the pro­

fessional training you received ? Most of you thou ght 

that th e sc hools were do ing as well or better than 

when you were a s tudent. Those from th e Midwes t 

(52 percent) thought that th eir schools were do ing 

quite a bit be tte r , wh il e more of our eas tern readers 

(55 perce nt) thou ght th e ir sc hools about the same. 

This correlates the East-West tre nd indicated und er 

Question 1. 

Whil e you might ex pec t that the old-tim ers mi ght 

so ur with age, th e opposi te is true. The upper ha lf 

of Cha rt 2 s hows th e Group IV (prior Lo 1952) 

response, while th e lower haH' delinea tes all re plies. 

Groups II and III lie be tween Groups I and IV. 

QUESTION 3: l s the newly graduated engineer's 

level of productivity adequate for the requirements 

of your company's engineering department? Now 

that's s umthin' s tupid, no? Well , no, not reall y. 

There are schools that e mphasize the practical 

aspec ts of analysis and tes ting such that th e ir 

graduates can s tart prod uctive work immediately. 

Others di sdain th e prac ti cal for t he theore t ical. 

Their products may require long train ing with hard­

ware before they beco me prod uctive. C hart 3 s hows 

that most can be expected to need abo ut a year of 
training before becom ing fu ll team members. 

S ignificant numbe rs of you, however, expect to 

have th e m prod ucing in 6 mont hs or less. 
T here was no regional variation ind icated on this 

matte r. T he only group that varied fro m the patte rn 

s hown was Group III , th ose who have been away 
from fo rmal ed ucation from 10 to 15 years. T hey 

felt that substantially more than 1 yea r would be 

required to bring a ma n into prod uct ion - many 

thought 2 to 5 years. 

QUESTION 4: l s his training in the use of labora­

tory faci lities sufficient fo r the level of perfo rmance 

TOM STEPHENSON, Western Editor 

(Continued) 

MICROCIRCUIT CHIPS 

SPACE AGE CAPACITORS 
S-CAP 100 A NEW CERAMIC CHIP CAPACITOR DESIGNED FOR THE NEW WORLD OF MICROCIRCUITS. 
Offering capacitance values ranging from 10 Pf through 0.22 Mf in five optional ca se sizes (beginning 

with a chip C! t. C' .080 X .050 X .050) and four optional dielectrics, all utilizing proprietary method of 

monolithic costruction , the S-Cap 100 Series gives the designer the ultimate in quality - reliab ility -

and flex ibility. 

With years of experience in manufacturing ceramic capacitors and basic ceramic ware, Scionics is 

proud to offer S-Cap 100, the finest monolithic ceramic chip capacitor ava ilable. 

Write today for the S-Cap 100 Techn ical Literature. For information perta ining to other Scionics prod­

ucts, ask for our General Catalog. 

THE SC I 0 NI CS C 0 RP 0 RAT I 0 N - 8900 Winnetka Avenue , Northridge, California/213-341 -5500/TWX 213-341 -7559 

e c:: 1c:::::>f'-.J1 c:: e ® 

SCIO.NICS-SCIENCE AND ELECTRONICS FOR INDUSTRY AND DEFENSE 
CAPACITOR DIVISION • INSTRUMENT DIVISION • INFORMATION SYSTEMS DIVISION 
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Here's What Heath 
Means By Value 

New Solid-State High Impedance V-0- M 
Factory Assembled $115; Kit $80 

The Unique New Heathkit I M-25 
With Features and Performance 
Never Before Available At Less Than $200 
• Built - in 120/240 VAC. 50 -60 Hz Power Suppl y Plus In-Cabinet Holders 
For Battery Supply During Portable Operation • 13 Silicon Transistors Plus 
2 Field Effect Transi stors • 11 Megohm Input Impedance on DC• 10 Megohm 
Input Impedance on AC • 9 DC Vo ltage Ranges from 150 Millivolts Full 
Scale to 1500 Volts Fu ll Scale ... Accuracy ± 3% Full Scale • 9 AC Vo ltage 
Ranges from 150 Millivolts Full Scale to 1500 Vo lts Full Scale ... Accuracy 
± 5% Full Sca le • 7 Resistance Ranges. 10 Ohms Center Scale x1, x10. x100, 
x1 k, x1 Ok. x1 OOk. x1 meg . .. Measures from one ohm to 1000 megohms 
• 11 Current Ranges from 15uA Full Scale to 1.5A Full Scale • Superior 
Accuracy on Current Measurements .. . ± 4% on DC ... ±5% on AC • AC Re ­
sponse to 100 kHz • 6". 200 uA Meter With Zero Center Scales For Positive 
and Negative Voltage Measurements Without Switching • 1 % Precision 
Resistors • Separate Switch For Each Function Eliminates Constant Changing 
• Ten -Turn Thumbwheel Zero Adjustment For Precision Settings • Easy 
Ci rcuit Board Assembly • New Heath Instrument Styling With " Unitized" 
Constru cti on and Low Profil e Appearance; Color Styled in Handsome 
Beige and Black 

Kit IM-25, IO"lbs. (Available May). . . . . ......................... $80.00 
Assembled IMW-25, 10 lbs. (Available June). . .. .. .. ..... . ..... $11 5.00 

New Lower Kit Price on Professional 
10-14 DC Oscilloscope ... Now Save $40 

A Better Buy 
Than Ever ... 

Kit Now Only $259, Factory Assembled $399 
• High stability 5" DC oscilloscope with triggered sweep • DC to 8 MHz 
bandwidth, 40 nanosecond rise time • Vertical signal delay through high 
linearity delay lines - capable of faithful reproduction of signa l waveforms 
far beyond the bandwidth of the scope • Calibrated vert ical attenuation • 
Calibrated time base • Forced air cooling • Input for Z axis modulation 
• Input for di rect access to vertical deflection plates • Easy circuit board 
construction & wiring harness assembly • Components are packaged sepa ­
rately for each phase of construction • Easy to al ign • Fulfills many pro­
duction and laboratory requirements at far less cost • Wiring options enable 
115 / 230 vo lt. 50 -60 Hz operation 

Kit 10-14, 53 lbs ................ ........ Was $299.00, Now Only $259.00 
Assembled IOW-14, 47 lbs.. ............ . . .............. . . . $399.00 

riiEATHcoM"PAniY.oe;;:-Si0-23-- • ffrfSffr*Fil -, 
I Benton Harbor, Mich. 49022 I 
I In Canada. Daystrom Ltd. I 
( D Please send my FREE 1967 Heathkit Catalog. I 
I D Enclosed is$ • plus postage. I I Please send model(s) I 
I Name I 
I Address I 
1

1 

City State Zip ___ I 
Prices & Specifications subject to change without notice. TE-161 I 
L-------------------------~ 
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Engineering Education (Cont'd) 
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CHART 4 

GROUP N ALL GROUPS 

Is the recent graduate's training in the use of laboratory facilities sufficient 
for the level of performance expected of him as a beginning engineer? 

expected of him as a beginning engineer? This is 

almost an even split, geographically and in toto. 

C hart 4 shows thi s res ult, but note the way the 

opinions vary chronologicall y. Could it be that th e 

fe llows who have bee n out of sc hool from 5 to 10 

years are hidin g so methin g from th e chi ef about th e 

performance of th e newco mers? 
QUESTION 5: l s his level of competence at grad­

uation in the following educational areas accept­

able for your needs? The res ponse to thi s qu es tion 

was meant to meas ure preparation in math e matics, 

basic sc iences, engin ee rin g labs, Engli sh and th e 

humanities. There was no regional deviation . 

Dr. George A. Hawkins, dea n of Purdue Uni­
vers it y's e ngin ee rin g sc hoo l, in hi s ·'Fo ur Ages of 
th e Engineer" , speaks of e ngineers who fall prey 

to tec hnologica l obso lescence. · 'These e ngin ee rs 

ha ve so me how fai led lo lea rn that edu cati on is a 

li felong. self-imposed di sc ipline. Eventually, th ey' ll 

blame the univers it y fo r th e ir edu cational s hort ­
co mings." 

Dean Hawki ns co n I inues, c lass ing these engineers 

into differen t age groups mu c h as we hav e don e. 

According to him , I he e ngin ee rs blamed th e uni­

versit ies for th e fo llowing reasons at differe nt 

s tages of th eir ca ree rs : 

Croup I," ot enou gh prac li cal co urses." 

Gro up II and III , " ot e nou gh math , physics, 

c he mis try and engin ee rin g scie nces .' ' 

Group IV, "Not enough co urses in manage me nt 

a nd administration ." 

These obse rvalion s co ncernin g e ngineers faced 

with technological obsolescence are based on many 

years of experience on th e part of th e dean of th e 

school that has graduated more e ngineers than any 

other in th e world. 

EDN readers are to be co mplime nt ed on their uni­

formity of response to thi s question, on a chrono­

logical basis. They appa re ntl y realize a lack of 

e mphasis in th e nontechni ca l aspects from gradua­

ti on on down through the years. They do not res pond 

as Dean Hawkins predi c ts those would , who fail 

to keep up with the ir co ntinuin g ed ucati on. Cha rts 

5 and Sa s how th e res ults of thi s s tudy. 

11-1>-THEM A Ttcs 
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CHART 5 

Is his level of competence at graduation in the follow­
ing educational areas acceptable for your needs? 
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Chronological distribution of data from Chart 5. 
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CHART 6 

NO 
(71 ':) 

YES 
(293) 

TOTAL 

Do you feel that the engineering projects assigned to 
electronic engineering students prepare them ade­
quately for the assignments they will receive as 
beginning engineers with your company? 

(Cont inued) 

CRONAFLEX® 
welcome 

matte 
The matte surface of Du Pont CRONAFLEX Engineering 

Reproduction and U-C drafting films is a 
refreshing change from other drafting materials. 

CRONAFLEX is the polyester film with Balanced Tooth: 
a uniform matte surface for smooth ink acceptance 

and just enough grab to take your favorite pencils. 

You've got to draft on CRONAFLEX 
Balanced Tooth to believe it. 

Just send the coupon below. 

You're welcome to try 
our matte, free. 

CRONAFLEX Engineering Reproduction Films 

r·------------------------, 
E. I. DU PONT DE NEMOURS & CO. (I NC.) 
PHOTO PRODUCTS DEPARTMENT 
ROOM 276-B 
WILMINGTON, DELAWARE 19898 

Address. _________________ _ 

City _ _______ State ______ Zip __ 

Send me a sample of CRONAFLEX® U·C Drafting Film . 

I'd like to try your Balanced Tooth surface. 

L-------------------------~ 
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EMCOR®l 1-tough, too-but more beautiful 
You'll probably never have to pit your 
EMCOR II cabinet against a rhinoceros, 
but if you do, you'll find it's pretty 
tough, too. 

EMCOR II cabinets are ruggedly made 
of steel, carefully welded and bolted 
for maximum strength and stability. 
They can bear heavy loads and take 
plenty of punishment . . . and look 
beautiful all the while. 

EMCOR/ distinguished cabinetry 

Unique, too, in that you can customize 
EMCOR II to suit your particular pref­
erences . .. with personalized name­
plates and designs of your own making. 
EMCOR 11 gives you the " custom look." 

When you ' re ready for strong, beautiful 

protection for yo ur instrumentation, 
call your local EMCOR Sales and Ser­
vice Engineer. Or write for our new 
EMCOR II catalog. 

Ingersoll Products io21west1201h s1 .. Chicago. 111inois 60643 

electronic 
equipment 

Albany' 436-9649; Albuquerque' 265-7766; Alex­
andria, 836-1800; At lan ta, 939-1674; Baltimore' 
727-1999; Binghamton' 723-9661; Bridgeport' 
368-4582; Buffalo, 632-2727; Chicago, 676-1100; 

C leve land , 442-8080; Dallas' 631-7450; Dayto n ' 
298-7573; Del Mar' 454-2191 ; Denve" 934-5505; 
Detroit' 357 - 3700; Fo rt Laude rdale, 564 -8000; 

Ft. l ee (No. N.J.) ' 944-1600; Ft. Walton Beath, 
243-6424; Housto n' 526-2959; Huntsvi I le, 539-6884, 

lnd ianapo l is' 356-4249; Kansas City' 444-9494; Los 
Ange les, 938-2073; Minneapoli s, 545-4481; 

Newport News , 245-8272; N.Y.C. area, 695-0082; 

O rl a ndo, 425-5505; Palo Alto, %8-8304; Philadel­
phia, 242-0150; Pittsburgh, 884-5515; Phoenix ; 
273-1673; St. Louis, 647-4350; Seatt le, 722 -7800; 

Syracuse, 471-7274; Tul sa' 742-4657; Utica' 
732-3775; Valley Fo rge (So. N. J.), 265-5800; 

Wilmington , Mass., 944-3930; Winston-Salem, 
725-5384. EMCOR Reg. U.S. Pat . Off. 

DIVISION OF BORG-WARNER COR PORATION 

BDRGt'WARNER@ 
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Engineering Education {Cont'd) 

Is engineeri ng training suffici ently ind ustry-oriented? 
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CHART 8 

Should schools of engineeri ng conce rn themselves 
more with continuing education of graduate engineers? 

CHART 9 

Do you agree that the fi rst 
professional degree should be a 5-yea r Master's? 



QUESTIO 6. Do you feel that the 
engineering projects assigned to stu· 

dents prepare them adequately for the 

assignments they will receive as be· 

ginning engineers with your company? 

Those long out of school fe lt very 

strongly that engineerin g projects were 

weak (94 percent). The regional trend 

is show n in Chart 6. The overall re· 
sponse indicates that most of yo u feel 

our schools do not place enough im­

portance on the project concept. There 

is more to be said on this subject later 

in the report. 

QUESTION 7. Is engineering train­
ing sufficiently industry-oriented? This 

question is really related to the preced­

ing one, and the results are essentiall y 

the same. Here, however, the middle 
two groups seem to feel more strongly 

about lack of industry orientation. You 
will find some of the comments in­

cluded further along in the report quite 
revealing. 

QUESTION 8. Should schools of 
engineering concern themselves more 

with continuing education for graduate 

engineers? The implied question here 
is really, "Do you think that you need 
graduate work?" And most of you feel 

that you do, as can be seen from 

Chart 8. 
QUESTION 9. Do you agree that the 

first professional degree should be a 
5-year Master's? You may not be aware 
of it, but there's a terrific flap over thi s 
going on in engi neering ed ucation cir­
cles. (See editorial, this iss ue.) The idea 
seems to be that you won't really get 
your key to the washroom until you've 
attained a Master's degree, which will 
be squeezed up into a 5-year program. 

What do you thi nk about this? See 
Chart 9. 

QUESTIO 10. Have you ever been 
asked for your opinion of college cur­
riculum by a college? Remember, we 

(Continued) 
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Time's up: 
Honeywell now 

has a taut-band 
meter that actu­
ally goes for even 
less than a pivot­
and-jewel meter. 

(About 103 less, on the average.) 
What kind of a taut-band meter 

could we possibly sell at those prices? 
An ingeniously 

simple one. 

We designed every sin- , -- " ,, 
gle unnecessary part right • ,)·'""""""'''"1

"''''·,,f.:,,,;, 
out of it. (Fewer parts: 
fewer things to go wrong.) 

And we make this 
meter by machine. (This 
not only gives us a very good cost 
advantage. It also gives you a more 
reliable meter.) 

It'll last practically forever be­
cause there's no friction in the mov­
ing parts. It'll mount anywhere with-

out special calibrating because it's 
self-shielded. 

And you can get one of these 
low-cost taut-band meters in just 
about any style you like. 

But don't make up your mind 
yet. Take a look at our catalog first. 
Write Honeywell Precision Meter 
Division in Manchester, N.H. 03105. 

Honeywell 

How long have y:ou waited for 
a low-cost taut-band meter? 



The Tan 
KEMET C-Series Solid Tantalum 

Capacitors. Tailored for today's go­
go electronics. 

The KEMET C-Series lets you de­
sign tantalum reliability into the whole 
field of consumer products: radios 
and TV . . . CB sets . . . electronic or­
gans and other instruments ... audi·o 
equipment ... appliances. The reason 
is simple: we 've priced the C-Series 
in line with conventional aluminum 
electrolytics. 

Abbreviated specs: 0.1 to 220 mi­
crofarads . 6 to 50 vdc . -55° to 
+ 85° C without derating. And re­
member the unique Union Carbide 
delivery plan: ultra-fast or staged de­
liveries of any quantities from thou­
sands to millions-assured . 

Now, can you think of any good 
reason not to use tantalum? See our 
representative , or mail the coupon. 
r------------------
1 Clip, fill in name and titl e, attach to letterhead. 
I 
I 
I 
I 
I 
I 

Union Carbide Corporation 
Components Department 
Dept. EDN-5 
270 Park Avenue 
New York . N. Y. 10017 • ELECTRONICS 

f Please send details on C-Series 
I KEMET Solid Tantalum Capacitors 

I 
f Name~~~~~~~~~~~~~~ 

I I 
I Title I 
L-----------------~ l<EMH is a registered trade mark of Union Carbide Corporation. 
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Engineering Education (Cont'd) 

me ntioned earlier that the academic 

community apparently didn't care what 

we as practicing electro ni c engineers 

thought of the quality of education 

today. This question and Chart 10 

bring out the reason for our conclusion 

quite dramatically, we think. How long 

would you stay in business if you failed 

to ask your c ustomers their opinion of 

your product? The regional shift is 

possibl y indicative of a more conserva­

tive attitude on the part of the older 

schools. 
QUESTION 11. Are schools for engi­

neers, draftsmen and technicians turn­

ing out new personnel for the industry 

in about the right proportions to fill 

your company's current needs? We 

asked thi s question to get a feel for the 

direction our industry is going. The 

need, it seems from C hart 11 , is for 

Bachelors ' and the drafting/technician 

types. For job-seeking Master's-degree 

holders, try Horace Greeley to the 

minus one power. 

QUESTION 12. Do you feel that the 

so-called modern math is going to bene­

fit our engineers of the future? Ab­

solutely no regional spread here. How­
ever, the c hronological cross-section is 
quite interesting. It s hows that those 
whom we would most expect to be 
fathers of c hildren of elementary-school 

age react more favorably (Group II) to 
the new math. As they become a little 
older, however (Group III), it loses some 

of its allure. Too much helping with the 

hom ework, we presume. For all those 

" don't knows", we might add that 

modern math is just another name for 

engineering math, taught at a you nger 

age. We refer you to an excellent pub­

lication called, "Modern Mathematics 

and Your Child", put out for $0.25 by 

the U. S. Government Printing Office, 

Div. of Public Documents, Washington, 

• Circle No. 1 08 on Reader Service 

Card for more information. 

• For immediate sales contact, 
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Have you ever been asked for your 
opinion of college curricula by a college? 

Are schools for engineers, draftsmen and technicians 
turning out new personnel for industry in about the 
right proportions to fill your company's current needs? 

YES (47%) 

NO (1 3%) 

DON'T KNOW (403) 

YES (333) 

NO (333) 

DON'T KNOW (343) 

GROUP I 
UP TO 5 

YEARS OUT 
OF COLLEGE 

GROUP II 
5 TO 10 YEARS 

OUT OF COLLEGE 

GROUP Ill 
10 TO 15 YEARS 

OUT OF COLLEGE 

YES (363) \ GROUP rl 
~--····NO (43%) ALL OLDER 

~--~DON'T KNOW (21 %) 

10 20 30 40 50 60 70 80 90 100 
PERCENT RESPONDING 

CHART12 

Do you feel that the so-called modern math is 
going to benefit our engineers of the future? 

(Co ntinued) 

Be a hero 
- design something 

G. 
wAc.;H­
HJ& · 
'!ON 

with our new conductive-film 
pendulum pot-

(and win your very own certificate of heroism). 

Strong point of our new transducer is infinite 
resolution in both linear and nonlinear func­
tions. Trigonometric, logarithmic, or any em­
pirical functions can be generated to provide a 
smooth transition of a mathematical character­
istic. This unique versatility makes it easy to 
win your certificate of heroism. Here are a few 
more specs to help you along. 

The transducer consists of a pendulous high­
densi ty mass vertically suspended from an 
ultralow-torque bearing system. Hermetically 
sealed silicone fluids of varied viscosities mean 
you can use practically any damping ratio you 
like. What's more, your design element can be 
of deposited conductive material or of wire, 
wound in sizes down to .0003 inches. 

Our abili ty to trim the resistive element down 
after manufacturing means , too, that your de­
sign can include a high order of accuracy con­
formity-up to .05 % ! And you needn't worry 
about striction because it's kept at a minimum 
with Litton's smooth track and light wiper 
pressure. 

We've a lready thought of a few of the more 
obvious applications, but let's see what you can 
come up with. We'll send your certificate by 
return mail, and if yours is one of the 50 best 
ideas we'll publish it in our next IDEA BOOK. 

LITTON INDUSTRIES 
POTENTIO M ETER DIVISION [8 

If your present supplier can't solve your potentiometer 
problem, try us. For single-turn and multiturn, linear 
and functional, wirewound and conductive film, ganged 
or unitized with servo modules-Litton begins where 
others leave off. 

Conductive­
film type, 
above; 
wirewound, 
right. 

~---------------------------, 
Litton Industries, Potentiometer Division 
226 East Third Street, Mt. Vernon, New York 10550 

D My idea for an application is attached. Send my hero 
certificate. 

D I have an idea, but need more data first. Send specs. 

Name ______________ Title ___ _ 

Company _________________ _ 

Address ________________ __ _ 

City -------State ______ Zip, ___ _ 

~---------------------------~ 
Circle No. 1 09 on Reader Service Card for more information. 
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ame your 
• 

a1 ure rate 

But you have to let us establish: 

• level of confidence 

• operating conditions 

• what constitutes a failure 

By varying these conditions, we can 
give you any fa i I ure rate you want. 

this 
G-E 

sealed 
relay 

will give 
it to you 

You, because you might buy the wrong 
relay. 

Us, ·because we might hurt our reputa­
tion and lose you-a valued customer. 

Want realistic failure rate data and the 

Doesn't make sense, does it? You're supposed 
to set the conditions. Not us. 

That's why we don't establish failure rates ti ll 
you give us application information. 

If we did, we'd hurt you. And us. 

Circle No. 11 0 on Reader Service Card for more information. 
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best relay for your next project? Con­
tact your G-E Electronic Components Sales 
Engineer. Or for latest catalog information, write 
General Electric Company, Section 792-40, Sche­
nectady, New York 12305. 

GENERAL fj ELECTRIC 
For immediate sales contact, circle No. 814. 

Engineering Education (Cont'd) 

f­
z 
w 
w>"' ••• MASTER 'S 

1111 (19%) 
w 
:I: 

u_,< , ••••••••• 1 BACHELOR'S fl!! (70 '>) 
< z 
0 
;:: 
< 
u 
::J 
0 
w 

TECH SCHOOL 
(7%) 

10 20 JO 40 50 60 70 80 90 100 

GROUP I'l 
(11 %) 

PERCENT RESPONDING 

CHART A 

GROUP I 
(52%) 

GROUP II 
(30%) 

CHART B 

GOOD 
(40%) 

10 20 30 40 50 60 70 80 90 100 
PERCENT RESPONDING 

CHART C 

EO N Mav 1967 



Participant's Educational Achieve­
ment Profile. 

Chronological Distribution of Partici­
pants. 
Group I 0-5 years after college 
Group II 6-10 years after college 
Group Ill 11 -15 years after college 
Group IV Over 15 years after college 

Did the school or schools from which 
you received your professional train­
ing prepare you adequately for your 
early assignments? 

(Continued) 

RED 
LOP 

Put your confidence in 

COLUMBIAN 

EG-80 

• 

98 

CUBICAL SHAPES 

Millions of pounds of pure Mapico Iron Oxide Pigments 
are processed each year to provide the best in audio and 
video reproduction and hard and soft ferrites. 

Columbian Carbon Company 
380 Madison Avenue, New York, N.Y. 10017 

A SUBSIDIARY OF CITIES SERVICE COMPANY 
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NEW! A commercial relay 
this small with 2-ampere dpdt 
con tacts. Printed circuit or socket 
terminals. Has Lexan dust 
cover. This design bonus from our 
aero/space program is ideal for tape 
recorders, desk-top computers, 
copying machines, television cameras, 
alarm systems, etc., etc., etc., etc., etc. 

High density relay packaging becomes a reality with the low 
profile HP Series. Only one-fifth of a cubic inch is required for 
each relay. Seated height in socket or printed circuit board 
is 0.49 ". Mechanical life is placed at 10 million operations. 

The DPDT contacts are rated from low level to 2 amperes 
at 30V DC resistive or 0.5 ampere maximum at 120V AC. 
Coil voltages range from 6V to 48V DC ... with 12- and 
24-volt models available from authorized electronic parts 
distributors. 

These microminiature relays are direct descendants of our 
military, aero/space designs and have been engineered to 
perform with singular reliability in modern commercial 
equipment. 

HP SPECIFICATIONS 
GENERAL: 

Temperature Range: -45°C to +1o•c. 
Dimensions: 0.49" x 0.88' x 0.48' max. 

CONTACTS: 
Arrangement: DPDT, 2 Form C. 
Rating: Low l11vel to 2 amps @ 30V DC, resistive; 

0.5 amps max. @120V AC. 
Contact Resistance: 50 milliohms before life 

measured at maximum rated load . 

COILS: 
Power: Approximately .662 watts nominal @ 25°C. 

1 .o watts max. @ 25°C. 
Duty: Continuous. 
Pick-up: 75% of nominal @ 25°C. 
Operate Time: 5 milliseconds max. at nominal coil 

voltage and 25°C. 

Call your electronic parts distributor 

POTTER & BRUMFIELD 
Division of American Machine & Foundry Co., Princeton, Ind. 47570 
Export: AMF International, 261 Madison Ave., New York, N.Y. 10016 

Engineering Education {Cont'd) 

D. C. 20402. 

Please note that EDN doesn't say 

that the modern math is bad or good 

-we just think that you should have 

an opinion. 

The balance of this EON Reader 

Survey dealt with identifying you, the 

partic ipant. Chart A gives th e range of 
your educati onal level. Your ch rono­
logical cross-sec ti on, again by most 

recent diploma. is shown by Cha rt B. 

In closing, co ming aro und full c ircle, 

we asked you direc tly what we referred 

to obliquely in Questions 1 and 2. 

Ques tion C. Did the school or schools 

from which you received your prof es­

sional training prepare you adequately 

for your early assignments ? Tum to 

Chart C for your verdict. 

YOUR COMMENTS 

We requ es ted your comm ents in two 

spec ifi c areas. We wanted to know how 

you felt engineering projects might be 

improved. W e also wanted to know how 

you thought the student 's industry 

orientation might be improved. Since 

these are related areas, th e repli es 

merged and can co nvenientl y be classi­
fied . Reco mmendations based on your 
comments, and so me of th e comments 
themselves, follow: 

A. Engineering projects should be 
assigned individually. These should be 

designed to encourage original and 

practical thinking on the part of 

the student and should include cost 

analys is . 

"Curriculum should include more 

independent la b and design work. " 
"Projects s hould emph asize th e 

basics." 

" Model projects on real proj ects 

from industry." 

" Get away from 'cookboo k' experi ­
ments ." 

• Circle No. 11 2 on Reader Service 

Card for more information. 

• For immediate sa les contact, 

circ le No. 81 5. 



" Projects should be based on latest 

com pone nts." 
" Practi ca l projects involving value 

analysis, co mpetition , worst-case an­

alysis ." 

"More projects where s tud e nt is left 

to ma ke all decisions." 

" Projec ts s hould make th e s tudent 

aware of th e e merging tecl]nologies-at 

least by req uirin g some reading of the 

lates t technical publicati ons." 

"Projects enco untered are usuall y 

short-term and superficial. Give long­
term ones, which must meet s pecs and 

a budget." 
" Rai se th em (projec ts) above the 

level of tec hnical fingerpaint ing." 

B. Emphasis on practical aspects 

should supplement present overconcen­

tration on theoretical concepts. 

"More emphasis on prac ti cal limita­

tions such as economics and market­

ab ility, i.e., the big pic ture." 

" More engi neerin g economy courses." 

"More practical (not cookboo k) lab 

courses." 
"More e mph asis on the application 

of th e theory." 

" There seems to be a desire to ap­

proach engineering from th e s tric tly 

th eoreti cal s ide without giving the stu­

de nt a solid fee l for the prac ti cal world . 
Greater individual parti cipation in 
practical lab work would be of great 

be nefit. " 
" Projects a nd lab ass-ignme nts are 

us ually given to a team of several s tu­

dents. The one most familiar with in­
strum ents and eq uipm ent does th e work 

and the others just take data." 
C. A higher degree of industry orien­

tation is needed in order that instruc­

tion and instructors be kept current with 

the technology. 

" Le t's get more ins tructors into 111-

dustry during s ummer vacation. " 

"More coo peration is needed be tween 

educational facil iti es and indus try. " 

"More indu stry involve ment in pro­

gram planning." 

"Subj ects should be taught with less 

of a his torical and more of a modern 

orientation. Examples of prese nt-day 

technology should be emphasized. " 

" -More solid-s tate electroni cs and 

syste m analys is. Less rotating energy 

co nversion and archaic vacuum-tube 

technology. " 

D. We need to have more co-op and 

on-the-job training programs. 

"Greater e mphasis on co-op training 

- working while learning." 

"Schools s hould require 1 year prac­

tical training at end of second year." 

" The work-coll ege split is one ap­

proach that keeps realism ali ve." 

In these and oth er areas, a number of 

other meaningful comments we re in­

cluded in your re pli es. For exa mple: 

"Inability to detail co mpon ents and 

industry practices prevents assignment 

of responsibility co mpatible with tech­

ni cal training." 

" The fault li es somewhat with in­

du stry in that th e engineer ma y fre­

quently be misa ppli ed. Industry must 

learn the value of proper manpower util­

ization. The sc hools can help by pre­
paring s tud ents for th e proble ms ahead. 
So me profess ional goals and th e guide­
lines required to achi eve th em s hould 

be developed before the s tudent ent ers 
industry. " 

"Less of the hi gh-and-mi ghty, save­

th e-world attitude" (on th e part of th e 

yo ung engineer). 
"More electroni cs, less electrical. " 

"The practical side can onl y be 

learn ed in industry." 
" The faculty should insure that s tu­

de nts truly und ers tand subj ect matter. 

This business of teachjng e nou gh ma-

terial so s tude nts can pass the exa ms 

is not c reating productive e ngin eers." 

"Generally, more than 75 percent of 

th e graduates want to do R&D work. 

Thi s is an unrealis ti c proportion in th e 

industry work s ituation." 

" More UHF-VHF ex perie nce would 

be helpful- above 100 MHz." 
"AJI courses should be tau gh t by 

'educators'. The key is thinking, not 

jus t memorizing. Instructors today do 

not know how to teac h thinking." 

"So meone s hould tell the schools 

that not everyone works in R&D." 

"The faculty must be too lazy, busy 

or indifferent to educate. All they do 

is pass co urses ." 

" Elimina te labs and co ncentrate on 

lectures ." 

" Thi s (indus try ori e ntation) 1s not a 

fun c ti on of a univers it y." 

OUR CONCLUSIONS 

We cannot say, as a res ult of thi s 

surv ey, that a cri s is in quality of elec­

troni c e ngi neerin g education loo ms in 
the offin g. Fortuna tely, our training as 

e ngin eers makes us maintain a co ntinu­
ing a ware ness of th e conditi on of our 

profession. We kn ow intuitively th a t it 

can onl y be improved by objective eli­

min ation of defec ts, defectives and ob­
solescences, in the sure knowl edge that 
today's perfect system will beco me to­
morrow's dodo bird . 

As long as a significant dial ogue con­

tinu es between each element of th e 

profess ion, we progress . The cris is will 
be upon us startin g the day one segment 

closes its ears; or its mouth! 

We wish to tha nk each of th e many 

readers who helped with this survey. 

W e expect to co ntinue providing a 

forum wh ere eac h of you may have th e 

opportunity of presentin g yo ur op inions 

on c urre nt matters of interest. • 

P&B DRY REED 

CLIP FILE 

Need to isolate 
integrated circuits 

from interface 
noise? 

Use this circuit with 
P&B Dry Reed Relays. 

LOGIC POWER SUPPi. Y 

T 

TOJ. C. 
LOGIC 
/NPVT 

Do you need to isolate integrated ci r­
cuit logic inputs from interface n oise? 
A reed relay can do this job quite h an d­
ily d ue to its inherent isolation between 
in put and output. Also, P&B reed 
relays have low contact resistan ce, lon g 
life an d short boun ce times. 

Full line-up to 
5 reeds per module 

JR standard size and JRM miniature 
reed relays are available in assemblies 
of 1 to 5 switches. Both sizes come in a 
complete range of coil voltages and var­
ious combinations of Form A, B and C 
contact arrangements. 

Bobbin flange supports 
terminals for stress protection 

P&B reed relays employ an unusually 
sturdy terminal configuration. Exten­
sions of the molded coil bobbin support 
the cross-shaped terminal pins. Stresses 
t hat otherwise would be transmitted to 
the reed extensions are confined, in­
stead, to the bobbin thus protecting the 
glass-to-metal seal of the capsule_ 

Sen d for data sheets giving complete 
specifications_ Con tact your local P&B 
representative or the factory direct for 
complete information. 

P&B Dry Reed Relays are now available from 
authorized electronic parts dis tributors. 

POTTER & BRUMFIELD 
Division of American Machine & Foundry Co. 

Princeton, Indiana 47570 

Circle No. 11 3 on Reader Service 
Card for more information. 
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Concerning Curricula 
Are we so restricted by accreditation and licensing requirements that our 
co lleges cannot teach what is needed? Yes, says this distinguished panel. 

"Ste phenson," re marked my old Engi­

neering Drawing ins tru c tor (more years 

ago than I'll admit) , "you'll never make it 

in e ngineering. You ca n't print worth a 

damn !" He may have been right, but I've 

made a living out of it for a good man y 

years. (As ide to Editor: Not too good lately. ) 
Engineering curricula a re about to 

und e rgo a re volution. You are vitally co n­

ce rn ed , s ince your co mpetiti on in industry 
will co rn e increasingly from th e bright 

golde n boys who have brought new ideas 

from their schools with which lo build 

tomorrow's machines. These you ngs ters 

are vitally co ncern ed , for th ey will become 

in creasingly aware that th ei r college may 

not have equipped the m adequately for 

th eir place in the profession and for their 

citize ns hip res ponsibiliti es. Your ma nage­
ment is vitally concern ed beca use only 

through a firm policy of ca reful selec tion 

ca n it maintain a stable of co mpete nt 

practition ers. And the industry as a whole 

is vitally co ncern ed becau se of its res pon si­

bility for maintaining th e climate of excel­

lence it e njoys today. 

The Engineer's Joint Council, whi c h is 

taking a serious look a t the overall s itua­

tion , has made some very prac ti cal reco m­

mendations in a report called " Assess ment 

of the Goals of Engineering Education in 

th e United States" to manageme nt, to 

engineers, to colleges and to s tud ents . You 

owe it to yourself to spend a bu c k for your 

own co py of it , but we'll boil it down for 

you so that you'll know what you would 

102 S p ecia l F ea tur e 

be getting. 

We a re us ing a n unusual technique that 

we hope you will enj oy. In ord er to get 

th rough to profess ional edu cators you have 

to be able to use their language. The report 

is written to leave no doubts in the minds 

of the educators as to th e inte nt of th e 

di stinguished panel that wrote it. However, 

it is pre tty heady lan guage for us boys. We 

set out herein , for our mutual enlighte n­

ment, the summary of the report followed 

by what we think they mea nt to say. 
I. " There is a growing demand upon 

the profession of engineering to assume 
leadership in the constructive integration 

of technological change and human fulfill­

ment. In a time of accelerating change, it 

requires a total reassessment of engineering 

education." 
We have to change our teaching of engi­

neers beca use all he ll has broken loose in 

indus try and socie ty. 

II. "As an instrument of national pur­

pose, engineering education should provide 
the formal basis for preparing the nation's 

engineering manpower with the capability, 

knowledge , understanding and insight to 

fulfill the technological needs of society on 

a timely and effective basis. S uch prepara­
tion should include the foundations for 
breadth of vision, leadership and states­

manship with appropriate disciplinary 
balance and flexibility to meet new tasks 

and opportunities. " 

Our new engineers must be given a good 

technical backgrou nd , but they also need 

trainin g 111 leadership and s tates manship 

beca use e ngineering talent is needed in 

th ose areas. 

Ill. " There are a variety of use/ ul pat­

terns for institutional responsiveness to 

national engineering educational goals. 

Each institution should examine its re­

sources and identify goals most suited to 

its own resources and capabilities." 

Look al what the other school s are doin g 

and have done. Then decide what 's th e 

best yours ca n do with what it has. 

IV. "To prepare engineering students 

for rapid technological change and for 

growing responsibilities in industry and 

government, the emphasis in instruction 

must be placed more upon the development 

of the potential capacities and insights in 
the individual and less upon the transfer 
of generally prescribed content in stand­
ardization courses." 

Quit teaching the book and teach the 

kids. 

V. "Since engineering students vary 

widely in preparation, capacity , interest 

and potential contribution, it is contrary 

to sound educational policy to standardize 

curricula, degrees, methods or periods of 

instruction across institutions at the ex­
pense of flexibility, experimentation and 

wholesale diversity among and within 
institutions." 

T hese e mbryo engineers are not ma­

chines, so don't try to make them all alike. 

T he only s tandard we recomm end is 

varie ty. As the old la dy said , " Chacun a 

so n gout!" (Eac h to hi s ow n tas te.) 

VI. "The educational process depends 

for its success upon close interaction be­

tween teacher and student. Steps should be 

taken to increase the opportunities for this 
interaction to occur to provide the essential 

guidance needed by the student in maturing 
as an, individual, developing a sense of re­

sponsibility and a worthwhile set of values, 

and in becoming committed to ideals and 

a course of action." 

Don ' t write so man y papers, or search 

so muc h research. Get in with the kids and 

find out what's happening. Don' t fight 'em, 

join 'em. It will do yo u and them both good. 
VII. "Accreditation of schools of engi­

neering in the future must be re-examined 

in light of the need for flexibility and 
diversity among institutions and programs. 
Standardization beyond a marginal limit 
of acceptability will retard rather than 

enhance the quality and effectiveness of 
engineering education." 

Your school is only as good as its ability 

to change for the be tter. Accreditation can 

result in stagnation. 

VIII. " To the extent that the licensing 
principle represents a restrictive influence 

on flexibi lity and innovation in engineer­

ing education, the principle itself and the 

laws on which it is based should be re­

viewed and modifications considered by 

the professional and technical societies 

concerned." 

Licensing of profess ional engi neers is a 

millstone around th e neck of a flexible 

EON May 1967 



course of s tud y a nd needs changing. Hav­

ing a dri ver's license is only one qu a lifica­

tion for driv ing. 

IV. "Engineering societies should re­

view their ro le in the total spectrum of 

engineering education, research and prac­

tice, and should develop objectives and pro­

grams that are responsive to advances in 

technology and the needs of the profession 

and society." 

Engineerin g socie ties may be dropping 

th e ball in kee ping up with th e tim es. 

X. " Learning is a lifetime process, 

continuing through all of the f ormal 

phases and extending throughout the years 

of professional practice. It includes the 

sum of all experience outside the classroom 

and instruction within. The goals of educa­

tion should give recognition to this prin­

ciple and emphasize the need to optimize 

a lifetime of learning. Such optimization 

should consider both the effectiveness of 
the precollege preparat ion and the means 
and methods of extending the postcoltege 

educational process over the life span of 
the engineer." 

L earnin g is a co ntinuing process a nd 

up to now we have not found a good wa y to 

co ntinu e teac hin g afte r school. Maybe we 

co uld start teac hin g engin eering principl es 

before college. • 

TOM S TEl' HENSON, W estern Editor 

Circ le No. 114 on Reader Service 

Card for more information. • 

8,960ways 
to whip up 
your salesl 
Our "Designer Line" switches alone won't 
make a success out of your appliances (or 
business machines or machine tools or what­
ever you make). 

But they'll help! 
That's because Cutler-Hammer gives you more 

design freedom and styling flexibility to begin with 
than you've ever enjoyed before. 

Like 8,960 variations of switches. Resulting from 
eight high-style levers. Seven brilliant colors. Three 
different ampere ratings. Five circuit arrangements. 
Three terminal configurations. 

And if we still don't have the switch that turns 
you on, we'll build the special that will! 

Our switches won't come back to haunt you 
either-they're AC/DC quick-make/quick­
break, and double insulated. 

Now, mix with fast service and complete 
application help from the local sales office 
near you-and you can see why more 
people buy Cutler-Hammer switches than 
any other ! Call our local sales office; we'll 
switch you over to our side. 

Looking for just the right switch? We'll "create" 
it for you-out of the va riety of levers, colors, 
terminations and bases above! Nobody e lse 
offers you so many switch combinations! 

Switch 
to No.1 

More than just switches: 
prompt availability, 

field help, innovation, 
quality assurance too. 

CUTLER-HAMMER 
Milwaukee, Wisconsin 5320 1 



WHAT TO EXPECT 
OF THE 1967 GRADUATE 

For the smaller companies, more 
than ever, pick the right school be­
fore you hire the man. 

TOM STEPHENSON, Western Editor 

A polarization of schools teac hing electronic engi­

neers is just beginning to have an effect. Quite a 

few more 1967 graduates will profit from thi s di­

vergence than have those of the pioneering years. 

Dr. Park (see box) tells us why innovations in edu ca­

tion tend to move so slowly. 

For the most part, the 1967 graduate comes to 

you bearing the same credentials as have those for 

the past se veral years. Short on practice, lon g on 

th eory. Short on respect, long on criticism. Deficient 

in English, profi cient in math. Good and bad , willing 

and shiftless. Whatever else, he will be shave n, 

shorn and sartorially co mpetent. And he will not 

co me to you from the campus activist groups -

he's been kept too busy with the books. 

A s tudy of the catalogs from many schools across 

the co untry that teach electronic engin eers helps us 

to define the poles . From what ·once was the nearly 

universal s tandard c urric ulum have issued two 
s talwart offspring-which we choose to chris ten the 
Industry-Oriented Program and the Flexible Pro­

gram (Fig. I ). 
We present the three re presentative c urricula 

(Fig. 2 ) in detail to give you the feel of th e job 

awareness of the Industry-Oriented Program, th e 

narrowness of the Standard Curriculum and the 

permissiveness of th e Flexible Program. None of the 

three is best for all s tudents. All three are right for 

so me. And non e is unn ecessary to the e mployer. 

But be sure you know the school before you hire the 

man. If the Standard Curriculum looks familiar to 

you, it should. It hasn ' t changed in over 30 years. 

We trust that course content has! 

Many schools , and particularly the Industry­

Oriented ones, are marching toward quarter sys­

tem (Fig. 3 ), frequently to the tune of semi­

hysterical chants of faculty protest. The advan­

tages: 
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IN DU STRY O RIENTED 

STANDARD 
CURRI CULUM FLEXIBLE PROGR AM 

Fig. 1-The trend in the electronic-engineer education today is moving 
away from the monolithic structure of the standard curriculum. 

• Better plant utilization • Equal-length quarters 

• No inter-term vacation to dispel continuity. These 

would seem to outweigh the disadvantages. Few 

businesses today could operate with part of their 

s taff on vacation 2 months out of the year and the 

balance out for nearly 4 months! 

During the course of our research into electronic 

engin eering edu cation, we talked with many people 
who are co ncerned with putting young engineers 

to work profitably. Their solutions, or lack thereof, 
might be helpful to you. 

"I interview 30 to 40 prospects before I find one 

who has enough of a practical background to fit my 

requirements," says the chief engineer of a s mall 

"Decisions by the faculty, tediously 
arrived at, are apt to exclude the eco­
nomic real it ies of the si tuation and only 
occasionally are more than a bolsteri ng 
of the status quo. Imag inative solut ions 
or innovations are rare indeed. 

" Such novelties, however, do occu r, 
perhaps once in 10 years per institu­
tion , and then they spread through the 

assembly shop. " My mam screening device is a 

written tes t for elec tronic technicians. It is pretty 

basic, but nine out of ten new engineers can't 

pass it. " 

Vice-president of a larger firm dealing largely in 

microwave components says, "We spend about 3 

percent of our gross on recruitment. W e've had to 

give up on the college level, though , because they 

don't teach microwave technology." " Further ," he 

goes on, " we can not compete with the aerospace 

companies that give the kids 10 hours a week to go 

to school and pay them for it. Our crew works 50 or 

60 hours a week. Frankly, we're pirates." 

" We don't have muc h of a proble m ," muses the 

count ry, which is wi thout any formal 
governance educationally speaking, but 
subject to fashions in education as in 
other types of styling . Some alterness 
to these trends g ives an institution the 
appearance of progress or change." 

Dr. Rosemary Park, now president of 
Barnard College, who will become Vice­
Chancellor of UCLA this summer. 
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pres ident of a medi um-sized company that man u­

factures semiconductor tes t equipment. "We've 

work ed out a program with a small, local, state 
college to turn out gradu ates tai lor-made to our 

specifi cati ons. Not only do the kid s work part time 

for us while they are in school, but their instru ctors 

also do co nsulting work for us on call. We even 

market a device developed by one of our youn g 

engineers as his se nior projec t. Of course, I wouldn ' t 

tell you the name of th e school! " 

Then there's the brainchild of the personn el 

manager of a large mili tary electronics company. 

He has worked out a project-oriented training 

course, which can cont inue as long as 18 months, 

for new engineers . The company hires all it can get 

from wherever it can get th em. 

" We've fo und that this me thod works for us," he 

told us. " It's expens ive, but we get the men we 

need. Each incoming engineer is given a 6-week 

indoctrination period , during which time he moves 
through each of our engineer ing sections to learn 

what they do. 
" He is then assigned to serve in the fu nctional 

capacity of one of th ese sec ti ons on a project team 

- th at fun cti on which seems to sui t best his desires 
and background . He might, as an example, be 

named as the tes ting and reliabili ty engineer. 

" We choose one of the older memb ers of the train­

ing school as project leader. We give him a low­
priority, hardware-design assignm ent. He ge ts 
together with his team and th ey go through our com­
pan y's project procedure from initial design to 
end product. Of course, th ey' re closely monitored 
and advised by our s taff; but yo u'd be surpri sed 
how good so me of the equipm ent turn s out. 

" Washouts? Sure, about 25 percent don ' t make 
it fo r one reason or another. However , before we 

started thi s program we could fi nd only about three­

quarters as man y qualified young men as we needed 

and lost a lot of th em during the first 18 months. 

" They stay in the training program onl y as long 

as they need it. Some of the fe llows who have had 

a good practical bac kground go on to regular jobs 

in 6 months, while some with a more th eoretical 

(Continued) 

This New Miniature Time Delay Relay 

Makes --

Solid-State Timing, High Current Capability and 
Crystal Can Dimensions in 0 NE relay 

Important features are: The new HI-G Series 2401 time delay relay 
combines a solid-state timing circuit and a half­
size HI-G relay in a package only slightly 
longer than a standard crystal can. This combi­
nation provides the current carrying capacity 
and the environmental immunity of an electro­
mechanical relay with the long life and instant 
response of hybrid circuitry. 

• Low contact resistance : .05 ohms 
• 3: 1 weight saving: only 1.0 oz. 
• Optional specifications: 

Temperature to 125°C 
Timing tolerance to -+- 5 % 

• Built-in voltage regulation : 
Input 18-31 VDC 

Fixed delay times from 50 milliseconds to 50 seconds 
standard. Longer delays available on request. Recycle 
time .02 seconds. Minimum life of 100,000 opera­
tions at rated load. Send for free Data Bulletin 167 A . 

Hl-G, INC., Windscr Locks, Conn. 06096 Te l. (203) 623-2481 

Circle No. 11 5 on Reader Service Card for more information. 
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Circle No. 116 on Reader Service Card for more information. 
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Terminal strips haven ' t changed much since Faraday 
(1791 -1867). The wires need soldering, wrapping or splicing 

and lugging. The strip needs potting or sh ielding when 
there's no air for insulation . The result is prone to t rouble. 

Difficult to maintain and inspect. And it all takes more 
tools , more time, and more money than you need spend . 

Today Deutsch makes Terminal Junctions which end all that. 
The wires are prepared with one standard crimping tool. 

Deutsch Terminal Junctions meet most Mil Spec connector 
environmental and electrical performance specifications. 

The result is trouble-free . Easy to maintain . Easy to inspect. 
And connections and disconnections are made 

with one cheap expendable tool. 

Deutsch Terminal Junctions come in modules holding up to 
8 wires each . You can fit 64 wires in the space a terminal 

strip would take for 28. And Deutsch T. J.'s gang in multi -module 
strips to let you interconnect and terminate as many 

wires as needed . Deutsch Terminal Junctions are the cleanest, 
fastest, most relia ble way to make terminations . 

They take one quarter the time, one quarter the space 
and are one fifth the weight. 

There is also a complete line of Deutsch Rear Release products 
including feed-throughs, Jiffy Junctions~ adaptor junctions, 

step-downs, grounding junctions, and component term inations. 
Write Deutsch , Electron ic Components Division, Municipal 

Airport , Bann ing, California for more informat ion on them all. 

~ IWJi1f1lr~
0

(CTifi 
Electronic Components Divis ion , Municipal Airport, Banning, California 

For immediate sales contact, circle No. 818. 

The 1967 Graduate (Cont'd) 

INDUSTRY- ORIEN TE D CU RR ICULUM 

FRESHMAN YEAR CREDIT (Quarter- Hours)* 

Su bj ec t F W S 

Basic Electron ics .. 
Basic El ectronics Lob. 
Automatic Program. Digital Computers .. 
Engineering Problems . 
Metal Processes . 
Welding Engineering . 
General Chemistry 

College Algebra and Tr igonometry .. 
Analytical Geometry and Calc ulus .. 
General Physics .......................................................... . 
Composition . 

Health Education and P .E. 12 

Total .. ·······························-······················-······--· 161
2 

•, 

SOPHOMORE YEAR 
Subject 

CREDI T (Quarter-Hours) 

Electronics 

E lectronic Lob . 

F W S 

F undomentols of El ectrica l Engineering >3 
E lectrical Engineering Lob . 

El ec tr onic Me Jsurements 
Draft ing for Electronics .. 

Engineering Statics 
General Physics 
Production Welding Processes 

Sheet-Metal Processes . 

AnJlyticol Geometry and Ca lculus ·-.. ·-····-···-·--·-·-·-·-· 
Different ial Equations 

Physi cs of E lectricity and Mll gnetism ·­

Engineering Drafting 

Physica l Education 
1

2 

Elect ives 

•, 

Total ···-····-·-········-····-·-···· 18
1
2 171

2 

JUNIOR YEAR 
Sub jec t 

CR EDIT (Quarter- Hou rs) 

F W S 

Networks ·-····-··-······· -·-······· · ··-·--·-·-· 
Networks Lob . 

E lectronic Circuits 

Electron ic Circu its Lob. ·-·-····-·-······-·-······-······-· ····· 

Engineer ing Dynamics ······-······-··········-········-········· 
General Psychology 

Electr ic Machines ·······-·-················-·-····-·····--···-··-· 
T hermodynamics 

En gineering Materials .. 

Differential Equations 
Applied Biology 
Principles of Economics . 

Total ... ············ 17 17 17 

SENI OR YEAR CR EDI T (Quarter-Ho urs) 
Subject F W S 

Electromagnetic F ie Ids 

Microwave Engineering 
Microwave Lob. 
Digital Circuits Design 
Digital Circuits L ob. 
Communications Engineering 
Communications Lo b. 

Control Systems Engineering 

Systems Lo b. 

Sen ior Project . 
Undergraduate Se min ar {new trends in industry , 

job ona lysis, employment) 

American Civilization 
L itera tu re or Ph ilosophy . 

Lite rature 
El ectives 

Total ......... 18 
Total all quarte rs ............ ······-····-·-·--·-·········· 210 

" One quJrter-hour equals 2/ 3 semester-hour. 

18 

Fig. 2- Three typical courses of study re­
presenting the mean and extremes en­
countered in school s teaching our elect ronic 
engineers today. 

18 
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STANDARD CURRICULUM 

FRESHMAN YEAR 
Subject 

Engl i sh Composition 

Calculus and Analytical Geometry 

General Chemistry . 

CR EDIT (Semester-Hours) 
Term l Term 2 

Electrical Engineering Orientation .................................. . 

Physics ·············································--··· 
Elective . 

Physical Education . 

Total .. 

SOPHOMORE YEAR 
Subj ec t 

Mechanics .. 
Electrical Networks' 

Calculus and Analytical Geometry 

Differential Equations 
Electromagnetism and Radiation (Physics ) . 
Atomic and Nuclear Physics 

Elective , Humanit ies or Social Sciences 

..... 16 17 

CREDI T (Semes ter-Hours) 

Term 1 Term 2 

Total ........................... 16 16 
"Moy be moved to Junior year in some schools . 

JUNIOR YEAR 
Subject 

Electric and Magnetic Fields 

Electric Networks 
Energy Conversion ond Control 

Electronics (f inally! ) 

Elec tri cal Lob. 
Probability and Statistics 

Sc ience of Materials 
Elective , Humanities or Soc ial Sciences . 

CREDIT (Semester-Hours) 
Term 1 Term 2 

Total ........................... 18 18 

SENIOR YEAR 
Subiect 

CREDIT (Semester- Hours) 

Problems in Personal ond Professional Relat ions 

Electrical Engineering Elective 
Engineering Science Elective 

Electronics Lob. 
Technical Electives 

Elective, Humanities or Social Sciences 

Term 1 

Total ................. 19 
Total All Semesters 139 

FLEXIBLE PROGRAM 

Term 2 

19 

Gen eral Requirements 
Chemistry 

CREDIT (Semes ter -Hou rs) 
5 

Phys ics 10 
Calculus ..... ·············································· 8 
Humanities and Social Sciences 

Total 

Departmental Requirements 
Circui t Theory 
Electromagnetic Fields and Energy . 

Circuits, Signals and Systems 

Fields , Forces and Mot ion 

Energy Tronsmission and Radiation 
Thermodynamics and Quantum Statistics 

Electronics l ab. 

Electromagnetic Lab. 

Electric ity and Magnetism 
Modern Phys ics 
Differential Equations 

Advanced Calculus for Engineers 

Unrestricted Electives 
Thesis 

12 

35 

4 
3 
3 

27 

T otol Semester-Hours ........................... ........................... ... 11 0 

The above requirements ore not rigid. Some variations are routinely permitted. 
Others ore considered on on individual basis. 

(Co ntinued) 

The largest 
little family 
of relays. 

The SPOT relay in a T0-5 case was quite a break­
through in its day. But engineers being engi­
neers - always looking for optimum solution to 
tough problems - kept demanding more T0-5 
Relays for more applications. We solve tough 
relay problems at Teledyne Relays. The results 
of that effort is the most complete line of little 
Relays available today. They include SPOT ... 

Circle No. 117 on Reader Service Card for more information. 

T0-5 

OPOT ... Sensitive SPOT .. . Sensitive OPOT ... 
Latching SPOT ... Latching OPOT ... and now a 
transistor driven Relay all in a T0-5 can! If you 
have a unique relay application, call us. By all 
means send for Teledyne Relays T0-5 catalog so 
we can introduce you to the largest little family 

of Relays. 

TELEDYNE RELAYS 
A TELEDYNE COMPANY 
3155 W est El Segundo Bouleva rd, 
Hawthorne, Ca l iforn ia 90250, Telephone (213) 679-2205 

For immediate sales contact, circle No. 819. 
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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 
Get the highest volt-microfarad product 
per unit weight and volume of any ca­
pacitor you can buy with General Ele-::­
tric's new 69F900 wet slug tantalum ca­
pacitor. How? General Electric reduced 
the case size of the military type (CL64) 
wet slugs by V2 (it's even smaller when 
compared to sol ids). Electrical charac­
teristics and performance remain es­
sential ly the same. G.E.'s new 69F900 
answers the need for a commerical wet 
slug capacitor with the high volumetric 
eff iciency demanded by modern high 
density applications. 

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

RATING 

SOY, 30µf 

solid (CS12) 
wet slug (Cl64) 
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 x .600 

.341 x .750 

.281 x .681 

.145 x .600 

.279 x .650 

.281 x .641 

.145 x .600 

VOLUME 

100% 
58% 
15% 

100% 
58% 
15% 

100% 
100% 
25% 

stored to -65°C. Its wide operating 
range is -55°C to + 85°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 available 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 details about the 69F900 and 
the other capacitors in General Elec­
tric's complete wet slug tantalum line, 
or ask your G-E sa les engineer. Capaci­
tor Department, Irmo, South Carolina. 

ELECTRONIC COMPONENTS DIVISION 

GENERAL fj ELECTRt£ 
Circle No. 118 on Reader Service Card for more information. For immediate sales contact, circle No. 820. 
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The 1967 Graduate (Cont'd) 

education may stay with the program for the full 

year and one-half. They all make good engineers." 

H e continued enthusiastically, "And one tremen­

dous fall-out we hadn ' t planned on has developed. 

W e don't have nearly as many calls for experi enced 

engineers whom we used to have to go out and steal. 

Our sec tion managers are getting what they need 

from the training program! " 

So there you have it. Past performance, present 

status and hopes f'or the future. An obscure llli­

nois statesman summed up our conclusion many 

years ago with co mmendable brev ity. " The dogmas 

of the qui et past are inadequate to the prese nt. " 

A. Lincoln 

EDN wishes to thank the many schools and 

individuals that have helped us in the preparation 

of thi s article. Space considerations, and in some 

instances a desire for anonymity on their part, 

preclude their mention. • 

NOVEMBER 

OCTOBER 

TYP I CAL 
QUARTER SYSTEM 

SCHEDULE 

JULY I JUNE 

TYPICAL 
STANDARD SCHEDULE 

DECEMBER JANUARY 
\ 

Fig. 3-Comparison of semester 
and quarter systems. 



Mike Winters, senior at Cal Poly, Pomona, Calif., 
checking out prototype digital computer do­
nated to school by RCA. 

Jeff Linden and Dave Merrill, seniors, running 
acoustic shock test using Californ ia Polytechnic 
lnstitute's modern Environmental Test Labora­
tory facilities. Assoc. Prof. John McMillan 
looks on. 

This is Cal Poly's version of "The Jerk", as dem­
onstrated by seniors Jeff Linden, Jake Make­
donsky and Dave Merri ll for Assoc. Prof. John 
McMillan. 

Resolution, noise, reliability, size, 
and linearity are the most serious 
deficiencies in today's precision 

potentiometers according to a new 
independent user study: 

Well, at least that was the case 
before the Fluke 24A hit the streets. 

Let's face it, our competitors are doing 
a good job continually upgrading their 
product to eliminate user criticisms. But no 
matter how you slice it, the conventional ten turn 
precision potentiometer has built-in design limitations 
that you simply can 't engineer around. 
On the other hand, our new Fluke 24A Vernier Precision 
Potentiometer does all the work a ten turn pot does in 
one and one-half turns and does it better. Here's what 
you get. 
Higher Resolution. This unique device offers better 
resolution than any wirewound pot of comparable size 
and price. And the cost is low. Only $8.50 for single 
units with handsome quantity discounts on larger orders. 
Low Noise. Noise is less than 100 ohms ENR. 
Greater Reliability. We specify minimum life as greater 
than 100,000 cycles or the equivalent of 2,000,000 shaft 
rotations in a 10 turn pot. In lab tests, we've run these 
pots for over 175,000 cycles. The pot is built to take the 
gaff. The case is quality glass filled diallylphthylate. 
Anti-rotation plates are supplied for optional use. Termi­
nations are welded. The bushing is an integral part of 

Circle No. 119 on Reader Service Card for more information. 

the front plate, which eliminates in­
stallation damage. Shafts are fully sup­

ported on both ends. The vernier pickoff uses 
bifurcated contacts. Molded terminals will not 

loosen or turn. 

Small Size. Only 1 %" in diameter, the Fluke 24A will 
give you better resolution and other performance char­
acteristics than any wirewound pot anywhere near this 
size. 

Great Linearity. Terminal linearity is excellent with no 
off-set at either zero or 100 per cent. Over a wide fre­
quency range there is zero phase shift. 

More information. For complete information, please 
write Frank Partin, P. 0. Box 7428, Seattle, Washington 
98133. Phone (206) 774-2211. TWX: (910) 449-2850. 
In Europe, address Fluke International Corporat ion, 
Sophialaan 2, The 
Hague, The Nether­
lands. 

*Source, available 
on request. 

IFLUKEI 
For immediate sales contact, Circle No. 858. 
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Hovv The Boss Rates Your Performance 
Three outstanding engineering managers tell what they look for. 

How good a job are yo u doing:? No one really knows 

but yo u. Howe ver, it he lps to know wh ere th e c hi ef 

looks when he wants to know more about yo ur work. 

In th ese informative inte rvi e ws, EDN di sc usses th e 

rating of enginee r performan ce with three ex pe rts 

in th e fi e ld. 

First we ta lked with Wilbur C. Myers. Direc tor of 

Researc h a l The National Cash Regis te r Co., E lec· 

Ironies Div., plant in Hawthorne, Calif. 

EDN- "Will , do you find judging fJ erforman ce of 

engineers and scientists in the research area a 
difficult task?" 
Myers- " Of course , it 's diffi cult. However, we can 

approach th e problem by es tablishin g some bound· 

ary co nditions. First, we are talkin g here abo ut in· 

dustrial research , with an e nd product in mind. W e 

might stale this as a the me: The primary respon si· 

bility of industrial research is to produce ne w ideas 

or tec hnology from whi ch e ngineerin g and produc t 

development ca n derive new products. A further 

res ponsibility of indus trial research is lo provide 

readily available tec hni cal support to any operating 

part of the organization that requires assi s tan ce." 

EDN - "You'd say, then, that research responsi · 

bility is not limited to the lab?" 
Myers - " Of course not. Paraphrasing John Donne, 

1 , " C' .......... : ... l ,... - - ~ 

' Indus trial research is not an island unto itse lf. ' 

lt mu st go up throu gh manageme nt , down throu gh 

produc tion and fo llow th e product." 

EDN- "Mr. Myers, can industrial research be 

scheduled like production?" 

Myers- " Well , not with nea rly s uch precision. 

However. we can es tabli s h pe rform ance objectives 

and a budge t for a resea rc h program and set tim e 

goa ls for each milestone along the way. Then , as 

the program progresses, we' ll have somethin g to 

measure against. This also ass ists in rating the 

individual res pon sible." 

EDN - " What other yardsticks do you use in meas· 

uring individual pe1formance in industrial re· 

search ?" 

Myers- " Well , now we come lo so me intan gi bl es . 

Firs t. I think , is follow-through. Does th e researc he r 

kee p in tou ch with hi s tec hnical programs after 

the y have moved from researc h into engineerin g 

and manufac turin g? In other word s. he must be 

alert co ntinually to signs of tec hni cal trouble and 

be readily availab le to he lp out. Then th e re's th e 

matte r of professional res pect acco rd ed to him by 
hi s fe ll ow workers clear down to th e asse mbly line 

and fi eld tec hni cians. What do th e y think of hi s 
abi liti es? That's important input. " 
EDN - "What about publication of professional 
papers or articles.?" 

Myers - " I co nsider that to be of seco ndary impor· 
lance. If it helps us doc ument the job at hand , or if 

the e mployee is personally motivated to publi s h, 

that 's fine , but to write papers jus t to impress 

others in the field is was ting time. " 

EDN - "ls there anything else of a concrete nature 

that you watch ?" 

Myers - " Yes, th ere is. In rating performance of 

both the individual and the researc h facility over 

the long hau l, we look at th e end res ults . For ex­

ample , what is the ratig of academic s uccesses to 

commercial s uccesses? By thi s I r efer to research 

that ac tually ends up , in one form or anoth er, being 

useful in th e co mpany's products ve rs us that whic h 

may result only in a technical re port or publication. 

On a number of occasions l 've had to te rmin a te 

academ ica ll y s uccessful resea rch programs and 

redirec t the resources to more product-oriented 

programs. While thi s is one of th e most diffi c ult 

functions of a research director, it is a lso one of 

his mos t profitable and produ ctive op ti ons." 

EDN- "Thank you for sharing your ideas with our 

readers, Mr. Myers." 

ex t, for a different angle, we ca ll on Nathaniel 

Robbin s, Jr., Director of Engineering:, Hon eywe ll. 

lnc. , Res ide nti al Div. , Minn eapolis , Minn. 
EDN- "Firs/ off, Nat , we wa n/ to thank you for 

he/fl ing us look at this problem. " 

Robbins- "Not at a ll. As a matt e r of fa c t, my 

divi sion manager rece ntl y as ked me to come up 

with a s imple way of meas uring the performance of 

our engineeri ng de partment. Thi s could be pre­

sum ed to be a rather naive request unless you look 

at th e need for it through the eyes of a division 

manager. That's when you realize the importance 



of it. " 

EON - "You think, then, that a look at the depart ­

menta l perf ormance as a whole will help us to 

better evaluate individual performance?" 

Robbins- " Yes, we see thi s as havin g an impact 

on th e individu al e ngineer ; knowledge of overall 

de partmental performan ce improves hi s sense of 

urgency and s trength ens hi s desire to foll ow 

th rough to a co mpl etely s uccessful product. " 

EON- "Back to your manager's request , then." 

Robbins- " Well, hi s prob le m is that wh e n he 

looks a t the expe nditure go in g into the e ngineerin g 

de partme nt he find s it a ra th e r inta ngibl e qua ntity. 

He does not see a specific sales fi gure or a s pec ifi c 

production fi gure , jus t a fairl y subs tanti al expe nse, 

res ultin g in a produ ct line with whi ch he may or 

may not be satisfi ed. " 

EON- " Let's hope he is . Can you· give us an idea 

of the scale of engineering costs ?" 

Robbins- " They may a mount to be twee n 3 and JO 
percent of the gross sal es dollar , a nd that' s a Jot 

of money compared to oth er costs of doin g business . 

One wants to know if he is r eall y getting hi s money's 

worth out of engineering." 

EON- "A nd yet you can't do away with engi­

neering." 
Robbins- "No, beca use th e s uccess of th e divi s ion 

and of each person in it hinges largely on the achieve­

me nts of th e engineering de partment. Sales goal s 

may depend in part upon a new prod uc t bein g intro­

duced at a given tim e next year. If engi neerin g is 6 

months la te ge ttin g into produ ction, 6 months' worth 

of sales go down the pipe . Or, another an gle, if 

engineering plan s some cost-saving redesign on a 

current product and is late in introducing it, the 

profit objective may be missed ." 

EON- " We see what you mean by intangibles, Nat , 

TOM STEPHENSON, Western Editor 
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Performance (Cont'd) 

but you had to do so mething, didn 't you ?" 

Robbins- · ' Wc ll. we a re di sc uss ing job ratin g, 

are n't we'? Wh e n we s ta rted our s tud y we talk ed 

with se ve ral othe r co mpa ni es . We called in manage­

me nt cons ultants. W e eve n reques ted information 

from Stanford Researc h ln s tit ute ." 

EON- " What did you f ind out ?" 

Robbins- " We we re s pinning our wh eels. o one 

kn e w how to meas ure enginee rin g performan ce, so 

it was obviou s that we had lo de velop our own 

sys te m. To do so. we had to defin e our o bjec tives 

from sc ratc h. 

" It had alw ays bee n my major objec tive to de­

ve lop, and put in'to produc tion , outs ta ndin g produc ts . 

Produc ts whi c h our sa les lJO ys could brag about and 

whi c h would be nefit our c us tom ers." 

EON - "Very commendable, but pretty hard to do, 
isn't it ?" 

Robbins - " Th e probl e m comes from three so und 

bus iness limitations. Firs t, produ c t des ign mu s t be 

s uch that manufac turin g cos ts do not pri ce us oul 

of th e mark e t. 

" Second, th e inves t me nl needed to deve lop , 

tool up a nd put into produ c tion mu s t make eco nomi c 

se nse . Spe ndin g $500.000 lo s ta rt produc in g an 

ite m th a t will re turn $1000 a year is out of th e 

qu es ti on. 

" The third limit a ti on is on tim e. lf yours is a 

season a l produ c t. introdu c in g it a t th e tail end of th e 

seaso n is poo r limin g. Furthe r, if a redu c tion in th e 

produc tion cos ts of a certain tim e is needed in ord e r 

to re ma in compe titive, it is rlf' edcd now , not 3 
years from now! ' " 

EON- "So, we now have three parameters with 
which to start: manufac turing costs, startup in­
vestment and time; and engineering has quite an 
inf luence on each, doesn't it ?" 
Robbins - " lf th ey don ·l , no one docs. ow, how 

do we fit th ese fa c to rs in "? F or a numbe r of years we 

had used a man age me nt too l call ed a profita bility 

ind e x. Basicall y, it is a di scount ed cash-flow me th od 

of de te rminin g re turn on ne w produc t de velopme nt 

inves tm e nt. As you mi ght expec t, th e three e le­

ments we ju s t di sc u ·scd are a part of the profit­

abi lit y index- plus two othe rs - produc t vo lum e a nd 

produc t pri ce. These las t two are more unde r th e 

control of marke tin g, whi le th e firs t three are co n­

tro lled by e ngineerin g." 

EON- "So, you put them together and what do 
you have ?" 

Robbins- " l jus t ha ppe n Lo have a chart he re 

(Fig. 1 ) whi c h show s how we worked it out. We 

call in marketing and say , ·J-fow man y of th ese 

gadge ts do you think you could sell next year , and 

what do you think th ey'll se ll for ?' 

" Then , we look at what we in e ngin ee rin g es ti ­

mate th e inves tm e nt will be to ge t into produc tion , 

~ ~~ '~ f~ ~ 
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Fig. 1-Departmental Performance Index as 
figured by Honeywell's Residential Division. 
Unshaded factors are controlled largely by 
marketing. Those that are shaded are generally 
under eng ineering jurisdiction. A Performance 
Index of over 100 percent would be favorable. 

cos t o f th e produc t and tim e of produc tion starL 

We a re th e n in a pos ition to es ta bli s h a goal- a 

planned profitability index." 

EON - " Then, down the road , how do you evaluate 
pe1Jo rmance against the planned goa l ?" 

Robbins - " W e simply di vid e th e ac tu al profita­

bilit y ind ex by wh a t we had pl a nn ed it to be . The 
res ulting pe rcentage fi gure is a meas ure of our 

ove ra ll di vis ion pe rform a nce. Hour pe rform a nce is 

he lt e r tha n 100 pe rce nt. m y di vis ion manage r is 

happ y. However , I may not be. beca use I can now 

go bac k to our ori ginal goal a nd find out. by settin g 

volum e and pri ce a l th e initial es tim a tes . how 

engineerin g ac tually perform ed." 

EON - " You mean that marketing may have out­

done itself and covered up yo ur la ck of adequate 

pe1formance in engineerinp: ?" 

Robbins- " Exactly. Now thi s is not a precise 

conce pt, but it does give us a numbe r lo work with ." 

EON- "And your marketing manager has a number 

to evaluate his efforts with, also, doesn't he?" 

Robbins- " Yes , b y holding l he three e ngineerin g­

o ri e nte d fun c tion s fixed, he can see how pri c in g 

and sales volume have affected th e pi c ture ." 

EON- "Nat , what you say listens good, but does 

£t work?" 

(Co ntinued ) 



Performance (Cont'd) 

Robbins- " Well, it accomplished what we were 

after-a simple means of measuring engi neering 

effectiveness , but its lon g- term managerial be nefits 

re main to be proved. Actually , we went back over 

28 ke y projects, bac k to earl y 1963. W e we re not 

us ing thi s performan ce index th e n, but we reco n­

s tru cted the fi gures . Our e nginee ring performan ce 

index on th ese projects ave raged 92 perce nt. We 

had 12 projects that exceeded our expecta ti ons, 

7 that were margin a l and 9 bus ts." 

EON- "But you are in a better position now to 

analyze. why the projects fail ed to meet their goals, 

aren't you?" 
Robbins- " Oh , yes . Our rea l proble m see ms to be 

in controlling cos t once th e produc t goes into 

production. We've pinpointed ii, though. The re are 

I wo reasons involved. Firs t, we need to ge t be ll e r 

ac tual cos t data to our e ngin eerin g people soo ner so 

that they can tak e ac tion to bring produc tion cos ts 

bac k inlo line. And, th en , we have to s top pulling 

our production e ngineers off th e job as soon as it is 

we ll und er way to pi ck up ne w projects. They mu s t 

follow through aggresively and thoroughly to kee p 

costs in line." 

EON- "Nat, you said earlier that your main ob­
jective was to develop and put into production 

outstanding products. How do you evaluate your 

accomplishments in this regard ?" 

Robbins- " Whil e thi s ana lys is we' ve bee n ta lk­

in g about covers primarily engineering performan ce, 

it does not te ll us how good our produc ts are. We've 

se t up a gradin g co mmittee of five manage me nt 

team me mbe rs to di sc uss merits or shortco min gs of 

a produc t agains t a li s t of es ta bli shed crite ri a - in ­

cluding co mpe tition. " 

EON - " How did yo ur 28 products stack up when 
this co mmittee jndged them against competition ?" 

Robbins- " We didn't do 100 badly. Actually , we 
have had I wo considered b y our committee to be 

outs tanding, 11 excell e nt , 11 good , 3 fair a nd onl y 

1 poor. Re me mbe r that thi s is a record of pas l pe r­

form a nce, most of it acco mpl is hed before we de­

ve loped thi s pe rforman ce index concept. W e a re 

co nfide nt tha t we' ll improve through be tte r and 

faster cos tin g and by watching produ c ti on th rough­

out the run more c losely.'· 

EON- "Again, how do yo u get back to rating the 

pe1fo nnance of the individual using this concept ?" 

Robbins- " We ll , I te nd to look at it like thi s. We 

are measurin g ac tu al perform ance again s t a pla n. 
(Continu ed ) 

,You'll flip too! A 16-bit data 

generator for only $680.00. 
The new Datapulse 201 offers 

bit rates to lOMHz, 
NRZ outputs to lOV, 

variable baseline 
offset to + lOV, and 

continuous or command 

recycle. Multiple units 

can be sequenced for 

extended program 

lengths or 

paralleled for 

additional 

channels. 

SHOWN FULL SIZE - two units require 
only 31/2 inches of rack panel height. 

Write for 
complete literature 

and applications 
information. 

Want variable parameter 
RZ formats? Then trigger 

your 201 with an asynchron­
ously gated pulse generator, 

selected for the width , delay, 
and rise time characteristics 

your application requires. Team 
your 201 with the Datapulse 101, 

l lOA, or 111 - asynchronously 
gated pulse generators offering 

a wide variety of output 
characteristics. 

DATAPULSE/Division of Datapulse lnc./10 150 Jefferson Blvd., Culver City, Calif. 90230/(2 13) 671-4334, 678·4275/TWX: 910·328·6109/Cable DATAPULSE 
DATAPULSE • NES CO IN S TRUMENT S • DE MORNAY-BONARDI • KR S INSTRUMENTS 

Circle No. 1 23 on Reader Service Card for more information. For immediate sales contact, circle No. 823. 



Performance (Cont'd) 

Now, if performance does not com e up to plan, 

th e n e ither our goal is too hi gh or the performan ce 

is not good enough. Behind each of th ese numbe rs 

is a man . Wh e n he and l ca n both see that I am in 

troubl e beca use of hi s numbe r, we have co me a lon g 

way down the road of mutually und e rstandin g my 

opinion of hi s performance. Does that ans wer you r 

qu es tion ?" 

EON - "You make yo ur point quite clear, Mr. Rob­
bins ; sir, indeed you do! And thank you again for 
all of your help ." 

Havin g look ed into probl e ms in research and pro­

duc tion , we now mov e into th e design area. Loui s 
B. Horwi tz, Corporate Direc tor of Engineering for 

Beckman Ins trum en ts, In c., Full e rton , Calif.. s pe nt 
some tim e with us. 

EON - "Bernie, fi rst Let us congratulate you on 
your recent promotion. We know that you'll be much 

concerned now with judging engineer petf ormance. 
Tell us, wha t do you look for in trying to learn how 

well an engineer does his job ?" 

Horwitz - " It is a lways diffi cult to e valuate e ngi­

neerin g from a des ign aspect.; howeve r, one way lo 
look at it is from th e c us tom e r's point of vie w. Aft e r 

all , if a c us tom e r does nut acce pt a compa11y"s 

produc t , th e n th e re is very littl e in come with whi ch 

t.o s upport e ngin ee rin g de ve lopme nt." 
EON - "You're right , certainly, but it's an unusual 

approach. " 

Horwitz - "I don' t think it is unu s ual at all. The 

esse nce of bus iness is th e c us tomer's acce pta nce 

of yo ur produ c t. Le t. me show yo u so me of th e res-

so ns [ use this measure. 

" Many engin eering de partm e nts feel that, be­

ca use th e produc t se ll s, th e e ngineering people 

have done a good job. Thi is not. necessarily so. 

There a re man y ve ry bad produc ts on th e marke t 

th at sell ve r y well. Hundreds of millions of dollars 

are s pe nt annually by th e Am e ri can c us tom er for 

home appliances, muc h of whi c h buys so me pre tty 

bad e ngin eering. 

" l had a ve ry interes ting exp eri e nce rece ntly in 

purc hasing a ne w dis hwas her for my hom e. The 

sales man s howed us what he conside red his ' bes t 

machin e' . What made it th e bes t, he said, was th e 

.ve ry ' excellent' mann e r in whic h th e wat er over­

ll ow was handl ed. Jn ma ny mac hin es, he point ed 

out , if th e drain pump is clogged , th e machine will 

overfl ow on to the lloor and in doing so the water 

will pass through the motor with the obviously 

de trim e ntal effect of burning out th e a rm ature. His 

' well-des ign ed ' mac hin e was so cons tru c ted that 

th e overf1ow would drain out on th e floor without 

go in g through th e mot.or. l s uppose yo u could call 

th a t a s tep in th e right direc tion . However, l feel 

th a t a ny appliance allowing a n overflow onto th e 

fl oor ca n onl y be classed as be ing badl y engineered. 

h 's ha rd to beli eve that for $300 a c us tom er doesn' t 

bu y an overflow s hut-off valve. 

" At th e other e nd of th e spec trum , th e American 

co nsum er has at hi s di sposal what I cons ider to be 

th e fin es t piece of enginee ring of its kind-the 

te lephone. You can drop a te lephone on a concre te 

fl oor and fully expec t it to work prope rly when you 
pi c k it up. lt is mi s trea ted by almos t e veryone who 

uses it and yet operates mos t of th e tim e. There is 

no great tec hnical skill required to in s tall it. It ca n 

be mass- produced a l low cos t, is fun c ti onal in its 

a ppearan ce a nd meets the needs of it s marke tplace. 

It is, in esse nce, a well-e ngin eered produc t. " 
EON - " What do you Look for, th en, in the market­

place, in judf?:ing engineer pe1formance generally?" 

Horwitz - " As I jus t said, l loo k for a good product 

havin g value to the c us tome r. That mean s it will 

se rve the need s of a cus tomer al an economi cal 

pri ce without mainte nance headac hes . The cus­

tome r exe rc ises a qualit y judgme nt. If th e product 

is well accepted in e very res pec t, the n we can look 

at the e ngineering organization as having done a 

good job." 

EON - "Yes, but what about cost ? Won't you drive 

customers to the competition if your costs run high ?" 

Horwitz - "Not necessarily. The qu es ti on is : Does 

the produc t have valu e? Howev er, price co mpe tition 

is a fac t.or that mu s t always be cons idered. Thi s 

really brings us to another measure of enginee ring 

performance and this is the ability of a co mpan y to 

produce a produ c t at its targeted cos ts." 

EON - "Can yo u put some numbers in here?" 

Horwitz - " Yes, I beli eve so. W e judge the econom­

ics of putting out a ne w produc t by man y s ta ndards, 

including th e cos t of putting it into ini t ial production 

and how fas t th e unit cos t drops as produc tion con­

tinu es. For in s tance, a JOO-percent variance from a 

s tandard production cost is not unco mmon th e firs t 

tim e through . lf, however , unit cos t at s tart-up 

is 200 perce nt to 300 percent a bove final production 

run costs, then there is a pro bl e m. " 

EON - " What fac tors inf luence these costs that can 

be tracked back to the design enf{ineer ?" 

Horwitz - ' 'Le t 's s tart with the c han ge ord e r. Thi s 
probabl y re presents one of the high est cos ts to a 

ma nufac turing organization in initiating ne w prod­

uc ts . lf you want to measure your e nginee ring de­

partm ent, th e re are two ways to look a t th e c hange 

o rd e rs. One is ve r y si mpl e - count the m. The othe r 

involves an analysi s of how mu c h you are s pending 

in executing th e c hanges . While you ca n neve r 

gene ralize about c hange orders, it is safe to say 

that on an initial produc ti on run most cha nge 

o rd e rs res ult from in adequate initial des ign. 
" Anoth e r way to consider e ngi nee rin g perfor­

mance is to examine the numbe r of sole source com­

pone nts. These will always cause diffic ulty and 

s tand in th e way of low-cost production. You ca n 
examine purc has ing specifi cation s. Are they 

adequat e to e nable th e bu yers to und erstand what 

is needed? Can th ey be re laxed to lower procure­

ment costs? And don ' t forge t labor cos ts in produc­

ti on. l s th e product so des igned that special skill s 

are required to make it? lf so, does it have to be 

thi s way?" 

EON - " Where should the major effort be made to 

control cost and still produce quality products?" 

Horwitz - "l think th e answe r to thi s li es in spe nd­

ing sufficie nt tim e in engin eering to in sure a com­

ple te, well-thought-out design. In the long run , th e 

littl e additional tim e and effort necessary to c reate 

a good des ign will be justified in e ventual cost 
. ,, 

sa v111 gs. 

EON- " We extend our thanks lo you gentlemen , for 

he/ ping us gel your ideas over to our readers, and 

especially the San Diego Coun cil of WEMA fo r pro­

viding I.he opportunity of getting togeth er." • 
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PROBLEM SOLVERS? 

Apollo Astronauts 
Will Depend On This Solution 

The Problem: 
During the entire upcoming Lunar 
mission, a world-wide network of 
tracking stations must continuously 
maintain vital two-way communica­
tions with the Apollo spacecraft. Each 
station must locate the vehicle within 
seconds after its appearance over the 
horizon, whether in earth-orbit or 
trans-lunar coast. 
The Approach: 
NASA's Goddard Space Flight Center 
selected Collins to produce a new 
globe-circling communication system 
for Apollo. Employing 30-foot and 
85-foot antennas, the ground stations 
will communicate with and track the 
spacecraft at both near - ea_rth a~d 
lunar distances. S-Band up-lmks will 
be used for ranging, command and 
voice; down-links will carry ranging , 
telemetry and voice. Functions such 
as transposition and docking, mid­
course correction, and lunar landing 
activities depend upon continuous 
maintenance of these links. 

To establish this communication be­
tween each station and the spacecraft, 
a new generation of subsystems for 
antenna positioning and control had to 
be designed and interfaced into station 
systems. 

The Solution: 
Collins engineers designed and built 
digital antenna position programmers 
and servo-controlled hydraulic drive 
systems which permit the pointing of 
ground-station antennas - with an ac­
curacy of 0.010 degrees RMS - to 
the predicted coordinate points of the 
spacecraft's appearance. Automatic ac­
quisition by one ground station will 
take place while the preceding station 
still has contact with the spacecraft. 

Two back-up techniques insure ac­
quisition if the spacecraft varies from 
the pre-computed flight path. Wide 
beam-width auxiliary antennas , 
mounted on the main-antenna dishes, 
provide greater angular coverage for 
acquiring down-link signals. Addition­
ally, a scan generator, in association 
with the servo system, may use any of 
four modes to sweep the antenna over 
the most-likely area of spacecraft ap­
pearance. 

Work continues at Collins on the 
design -of improved systems for space 
communication. 

Over 40 Airlines 
Bought This Solution 

The Problem: 
To present aircraft flight director 
guidance information in a manner 
readily interpreted by the pilot on a 

display designed to be the focal point 
of an all-weather landing system. 
The Approach: 
Putting six primary information 
channels into one instrument in a con­
ventional manner leads either to a 
number of loosely associated display 
elements requiring constant scanning 
and mental imagery, or to a clutter of 
superimposed displays with problems 
of parallax and discriminability. 

An aid to rapid and correct inter­
pretation is to make the display pic­
torial in form, symbolizing the spatial 
relationships of the real-world ele­
ments represented , but eliminating un­
necessary detail. 
The Solution: 
The unique solution to this problem 
was to combine the pitch and roll 
steering commands, presenting them 
on the "V-bar" command pointer 
which moves in pitch and roll in a 
symbolic-pictorial manner, and which 
uses the depth dimension to advantage 
instead of trying to squeeze all the 
information into a two-dimensional· 
display. 

Custom Crystal Filters 
Designed As Standard Items 

The ·Problem: 
Meet widespread need for custom 
crystal filter designs in less than 
the three-months period normally re­
quired. 
The Approach: 
Develop computer-assisted design 
techniques which permit Collins to 
offer "special design" filters as stan ­
dard product line items. 
The Solution: 
Data on a wide range of filter applica­
tions may be programmed into Collins' 
computer, which analyzes customer's 
paramete rs, furnishes bill of materials, 
and produces a performance curve. A 
tested prototype is delivered to the 
customer in one-third the time for­
merly required. 
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Collins is looking for 
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AREAS 

Instrumentation Engineers 
Communications Research 

Engineers 
Flight Control Systems 

Engineers 
Circuit Designers 
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Electronic Packaging Designers 
Systems Engineers 
Microcircuit Designers 
Production Plastics Engineers 
Spacecraft Systems Engineers 
Stress Analysis Engineers 
Mechanical Engineers 
Reliability Engineers 
Technical Writers 
Field Support Engineers 
RF Systems Engineers 
Antenna Design Engineers 
Microwave Design Engineers 
Scientific and Software 

Programmers 
Industrial Engineers 
Quality Engineers 
Transmitter Design Engineers 
Training Instructors 
Crystal Filter Engineers 
Main taina bili ty Engineers 
Component Evaluation Engineers 
Assembly Foremen 
Computer Instructors 
Data Systems Analysts 

If you'd like to help solve prob­
lems in /any of these areas, we 
welcome your inquiry. Write to 
Manager of Professional Employ­
ment, Collins Radio Company, in 
Cedar Rapids, Iowa; Dallas, 
Texas, or Newport Beach, Cali­
fornia. 
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Switch with decimal Decade with decimal 
or BCD output, Series 1994 or BCD readout, Series 1969 

3 new Veeder Decade models 
give you the broadest 

line available 
(tested, reliable and low-priced, too) 

VEEDER DECADE*: The Seri es 1969 
has 2 basic readout models-deci­
mal or BCD. Both models have these 
options : preset or no preset, flange 
mount with or without mounting 
holes, or back of panel mount. Both 
can accept pulses for parallel entry. 
Subtract option available on decimal 
model. Side brackets available ; units 
stack easily into compact packages. 
Designed for high speed count ac­
cumulation , storage and transfer in 
data processing control equipment. 

VEEDER DECADE SWITCH : The Ser­
ies 1994 pushbutton switch has 2 
models-decimal output or BCD out­
put. Th is manually operated , 10-posi­
tion decade switch has a wide range 
of applications. For example, numeri­
cal controls, electronic counteTs, 
data processing , predetermining con­
trols , and automatic systems. Can be 
combined with the Series 1969 for 
preset, or with the 1993 for multi­
level preset. Incorporates Series 
1969 stacking features. 

For information kit, write Veeder-Root, Hartford , Conn. 06102. 

Predetermining decade 
Series 1993 

PREDETERMINING VEEDER DEC­
ADE : The Series 1993 combines the 
decimal readout decade and the dec­
ade switch in one compact package. 
Econom~cal internal circuitry on the 
circuit board elimin ates one connec­
tor and external wiring . This electrical 
single wheel counter includes elec­
tric reset , transfer, a built-in predeter­
min ing switch output and readout 
(op t ional) . Provides the control 
funct ion at a predeterm ined number 
in data processing and other systems. 

• rradema rk of Veeder-Root 

_V~E~E~D~E_R~-~R~O~O_T~~~~~~~~·~':~ 
INNOVATORS IN NU MERI CS : COUNTIN G / RECO RD ING / CO NTRO LLING 

Ve eder-Root World ·Wide: Austra lia. So. Me lbourne , V1c tor1a · Bra zil Sao Paulo · USA: Hartford, Connecticu t • England : New Addington, Surrey • Sc ot land : Dundee • Wes t Germany '. Neuhausen F1lder · Canada · Toronto 

Circle No. 125 on Reader Service Card for more information. For immediate sales contact, circle No. 825. 
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Magnetic Alloys. A four-page bu l­

le t in de ta il s th e adva nt ages and 
c ha racteri s tics of " Hi pern ik" a l­
loy. T his 50-pe rcent nic ke l-iron a l­
loy combines re la t ive ly high in itial 
and maximum pe rmeabili ties with 
high magn e ti c satu ration. The 
booklet gives the bas ic physical , 
mechanica l and mag ne ti c prop­
e rties of th e al loy, along with 
typica l magne tiza ti on and a t­
te nua tion curves . Three grades of 
ma te rial , la mina tion, shi elding 
and rotor, are described and a li s t 
of typica l appli ca t ions is inc luded . 
Bu ll e t in TD 52-162. Wes tinghouse 
Elec tr ic Corp. , Mate ri a ls Mfg. Div. , 
Bla irs ville, Pa. 15717. 

CIRCLE NO. 4 01 

Modular Instruments. Thi s 82-
page catalog e nt itled " Modular 
Ins tru me nt s" contai ns comple te 
s pecifi cations on bo th the De­
s igner S e ries and Resea rc h Series 
lines of modul ar nu clear ins tru­
me nts. Also in cluded is a guide to 
assis t the use r in selec ting the p ro­
pe r com bina tion of mod ules for a 
s pecific applica tio n. A separat e 
sec tion descr ibes inp ut and output 
accessories tha t are used to com­
pl ete the modul a r s ys te m. Nuclear­
C hicago Corp., 333 E. Howard 
Ave., Des Plai nes, Jll . 60018. 

CIRCLE NO. 402. 

Logic Handbook. T he revised 
" Logic Hand book" has been e x­
panded to ove r 400 pages a nd in­
c ludes a n educa tional pri mer d is­
cuss ing d igit a l logic, a n analog- to­

digit al conve rs ion ha ndbook and 
application notes on the use of 
digital logic modu les. Also in­
c luded are de ta il ed specific a tions 
for the enlarge d " Fl ip C hi p" 
mod ule line and a n enla rged hard­
ware accessories sec tion fea tu r­
ing the " Pa nela id" and " Oc taid " 
approach to assem bl y of common 
logic func tions. Digita l Equi p­
me nt C orp ., 146 Main St. , May­
na rd , Mass. OJ 754. 

CIRCLE NO. 403 



Integrated-Circuit Modules. A 25-page 
data bull e tin describes the "EECo LoglC" 
line of integrated-circuit module cards. 
included 1s application informal ion 
describing general charact e ri stics, speci­
fic circui ts for counters, N/X division , 
and tips to eliminate s li vers and noi se 
pickup in the wiring. Lis ted are 135 
types of c ircu it modul es us ing both f1at­
pack and dual in-line DTL integrated 
c ircuit s. Engineered Elec tronics Co., 
1441 E. Chestnu t Ave., Sa nta Ana, Calif. 
92702. CIRCLE NO. 404 

The free literature items listed 
in this section of EDN are ar­
ranged in alphabetical order for 
you r convenience. Items are 
listed in the following order: 

Alloys 
Circu it Modules 
Computer and Peripheral 

Equipment 
Connecto rs 
Dielectric Materials 
Encoders 
Firing Circuits 
Hardware 
IC Accessories 
Instrumentation 
Knobs and Dials 
Measuring Equipment 
Meters, Analog 
Operational Amplifiers 
Power Supplies 
Printed Circuits 
Production Equipment 
Radiation Detectors 
Recording and Readout 

Equipment 
Relays 
Solar Cells 
Shielding 
Switches 
Temperature Measuring 

Devices 
Terminations 
Test Accessories 
Test Equipment 
Test Modules 
Tubes 

Circle No. 1 26 on Reader s ·ervice 

Card for more information. • 

If you find it necessary to include overload protection in your 
solid-state circuit designs, look to RCA nuvistors. Nuvistors 
can withstand severe signal and power surges without cata­
strophic failure. 

Nuvistors eliminate many other problems, too, through the 
benefits of their unique construction : demonstrated reliability 
of 99.901 % per 1,000 hours out to 30,000 hours of operation; 
temperature stability, 6 gm,........, 4 µ,mho per degree Cover the 
range -55°C to +250°C; dependable performance in the 
presence of both pulse and steady state nuclear radiation ; 
low RF and sub-audio noise; 1,000 g shock rating, and excep­
tional uniformity of electrical characteristics from tube to tube 
and throughout life. 

For complete data on the entire RCA line of nuvistors for 
industrial and military applications, call your nearest RCA 
District Office or write RCA Commercial Engineering, Section 
E97DE, Harrison, N.J. 07029. 

RCA DISTRICT OFFICES-OEM SALES: EAST, 2075 M;llburn Ave., Maplewood, 
N.J. 07040, (201) 485-3900 • MID-ATLANTIC 605 Mmltan P;ke, HaddanOeld, 
N.J. 08034, (609) 428-4802 •MID-CENTRAL 1600 Ke;th Bldg., 1621 Eucl;d Ave., 
Cleveland, Oh;a 44115, (216) 241-3450; 2511 East 46th St., Bldg. 02, Atk;nsan 
Sq., lnd;anapaHs, Ind. 46205, (317) 546-4001 •CENTRAL, 446 East Howard Ave., 
Des Pla;nes, ll l;no;s 60018, (312) 827-0033 • WEST. 6363 Sunset Blvd., Hollywood, 
Cal. 90028, (213) 461-9171 • INTERNATIONAL OPERATIONS, RCA lnternaHonal 
Division: Central and Terminal Aves., Clark, N.J. 07066, !201) 485-3900 • 118 
Rue du Rh one, Geneva, Switzerland, 35 75 00 

RCA Electronic Components and Devices, Harrison, N.J. 07029 

• • 
The Most Trusted Name in Electronics 



A real breakthrough in cable 
assemblies: 
Now when our customers 
throw us a curve, 

we mold it right in. 
Now with the development of a special­
ized technique for permanently sealing 
plastic to electrical wires and connec­
tors, Bendix® brings you a remarkable 
new development in custom cable as­
semblies: Molded Contour Cables. 
Cable assemblies that are molded into 
shape-that hold a molded shape. 

These are unitized assemblies with 
connectors molded right in as part of 

the cable assembly itself. Nearly any 
number of wires, any size or shape 
assembly is possible. Each assembly is 
made to your specs from tough, fl exible, 
clear polyurethane plastic. Clear, so 
you can see any possible internal flaws. 

You'll find they're the most rugged, 
lightweight cable assemblies anywhere. 
Built to withstand the most extreme 
shock and impact conditions. And ther-

mally sound from -65° to +300°F. 
They're literally made-to-order for in­
terconnecting power and control units 
in such rugged applications as missiles, 
ro,ckets, aircraft, spacecraft, subma­
rines, torpedoes and military land ve­
hicles. And they might be just the 
vehicle to solve your cable assembly 
problems. Write Electrical Components 
Division in Sidney, New York. 

Electronics 
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Logic Cards. Thi s brochure and price 
li s t on integrated.c irc uit logic modules 
includ es information on 60 diffe rent logic 
cards, as well as power suppli es, card 
fil es , ca rd drawe rs, accessory parts, an 
automatic module tes te r, and an "ex· 
perime nter" for breadboarding a sys te m 
of up to 10 cards . Also included are a di s­
co unt schedule and orderin g information. 
Wyle Labs. , Products Di v., 133 Center 
St., El Segu ndo, Calif. 90245. 

CIRCLE NO. 405 

Small Computer Handbook. The ·'Small 
Computer Handbook", first published in 

ovember l 966, has been expanded to 
include a sec t ion of applications-pro­
gra mming exampl es in addition to o ri g­
inal material covering a primer on th e use 
of a digital compute r: user handbooks for 
the PDP-8, PDP-8/S and LINC-8 com­
put ers, and a s hort-form catalog describ­
ing the company's prod uc ts. Di gital 
Equipm ent Corp., 146 Main St., Maynard, 
Mass. 01754. CIRCLE NO. 406 

PC Connector Guide. Thi s 64-page guide 
describes and illu strates a wide-ranging 
lin e of print ed-circuit connec tors, en­
closures and ins tallation equipme nt. De· 
sc ribed are suggested applications, 
mounting data , P C card layouts and com­
pl ete speci fi ca tion s. The gu ide co vers 
both plug-and-receptacle and card-edge 
connector types. F eatured a re contact 
terminations for wire wrap . crimp, tape red 
pin. tape red ta b a nd solder. El co Corp., 
Willow Grove. Pa. 19090. 

CIRCLE NO. 407 

• Circle No. 1 27 on Reader Service 
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Connectors. A fou r-page s hort­
form catalog covers a complete 
line of Swiss- mad e, precision­
machined connec tors. Eight stand­
ard sizes, from 1/4 to 1-5/8 inc hes 
in dia, are featured in the cata log. 
Contacts li s ted includ e single con­
tac ts, both coaxial and powe r, 
multicontact, mult icoaxial con­
tact and multicoaxial and power 
pin combinations . LEMO Div. of 
Frazar & Hansen, Ltd. , 150 Cali ­
forn ia St., San Francisco, Calif. 
94lll. CIRCLE NO. 408 

PC Connectors. Eighty seri es of 
printed-circuit receptacles are il­
lustrated and descr ibed in this 
20-page ca talog. Listed are con­
nectors conforming to the lates t 
revision of MIL-C-21097. Each 
series is represented by a de­
tailed orthographi c drawing, 
facilitating th e drafting of speci­
fication control drawings by the 
user. Other specifica tion aids in­
clude a connector type selector 
chart. Ca talog UP C R-A. U.S. 
Components, 1320 Zerega Ave., 
Bronx, N.Y. l 0462. 

CIRCLE NO. 409 

Relay Connectors. This firs t in a 
ne w series of condensed produc t 
catalogs covers a complete lin e of 
relay connectors. Included are 
details on a wide variety of sub­
miniature crystal can relays a nd 
many variat ions of power relays 
meeting milit ary and indu stri al 
ap plica tions . Also included are 
illust rations, schemati c drawings, 
charts, and all pertinent informa­
tion as to overall dimens ions, con­
tac t layouts and avai lable mount­
ing styles. Catalog 60301 C. Me­
thode Elec tronics, Inc., Con­
nector Div. , 7447 W. Wilson Ave., 
Ch icago, Ill. 60656. 

CIRCLE NO. 410 
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CLEARPRINT INVITES YOU TO VERIFY A GHOST STORY 
Seeing is belieYing. With this simple test you can see 
for yourself why leading engineers and architects de­
mand Clearprint Technical Papers. Made from a 
100 % rag stock, they have a perfect working surface. 
Highest erasing qualities insure against ghosting. 
Clearprint doesn't change. Its stability, strength, 

transparency and printing qualities remain unchanged 
even after extended exposure to age, atmosphere, 
heat, and light. • If you aren't using Clearprint now, 
try this comparative test on the paper you are using. 
Write for samples, sizes and prices. 

CLEARPRINT PAPER CO. EDN-19 

1482-67th Street, Emeryville, California 

D Send me Clearprint samples, with prices, for the following uses: 

Addresa~--------------------

19 

City ___________ State ____ Zip. __ _ 

Circle No. 1 28 on Reader Service Card for more information. For immediate sales contact, circle No. 827. 



We've got 
good connections in 

high places 
~ 

Surveyor, Mariner, F-111, OGO, X-15, Apollo, LEM, and most other 
high flying programs rely on Cinch-Graphik printed circuitry for 
dependable electronic interconnections. The lunar surface, or 6000 
miles above Mars, isn't the place to find out that circuitry doesn't per­
form to specs. That's why Cinch-Graphik maintains complete in-house 
facilities for NASA and MIL Spec testing. Cinch-Graphik's unequalled 
competence in producing single and multilayer printed circuits to 
these stringent requirements uniquely qualifies them to produce 
circuits for applications where "it has to be right'.' 

CINCH-GRAPHIK 

D I V I SION 0 F UNITED-CA RR 
MEMBER 

200 South Turnbull Canyon Road, C1tyol Industry (Los Angeles), Cal 11. 91744 · Phone (213) ED 3-1201. Cinch·Graph1k is a member of the 

Cinct1 Elec t1onic Group with offices in 33 principal cities throughou1 the Un ited States, Great Britain, Canada, Australia and West 
Germany. Oft ices are listed under "Cinch,· "Cinch -Monadnock, '"Cinch·Nuline,' "C1nch·Plaxial" or "Uni!Pd-Can lncorpoiated ." 

CONSISTING Of CINCH MANUFACTURING COMPANY, CINCH-GRAPHIK, CINCH-MONAONOCK, CINCH-NULINE , UCINITE (ELECTRONICS ) ANO PLAXIAL CABLE DEPT. 

Circle No. 1 29 on Reader Service Card for more information. 

For immediate sales contact, circle No. 828. 
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Dielectric Materials. Two handy charts for note­
book or wall mounting show the dielectric con­
stant and loss tangent at mi crowave frequencies 
of a hos t of materials. The values for the dielec­
tri c constant from 1 to 50 are given on the ordi­
nate, while the values for th e loss tangent be­
tween 0 and 1.0 are on the absc issa. Each ma­
terial is located on the charl at its appropriate 
di electri c cons tan t and loss langent. The density 
and hea t capab ilities of each material also are 
shown. More than 300 materials are li sted. Em­
erson & Cuming, Inc., Canton, Mass. 02021. 

CIRCLE NO. 411 

Four- Dig it Decima l Encode rs. Bulletin 66-l 5, four 
pages, descr ibes a co mpl ete lines of shaft en­
coders with four-digit, decimally coded outputs. 
Includ ed are detailed descriptions of electro nic 
modul es th at transform the encoders into com­
plete sys tems for digital display, data logging 
and set-poi nt programming. Full speci fi ca tion s 
and price are given. Theta In st rum ent Corp., 
22 Spielman Rd., Fairfield, N. J . 07006. 

CIRCLE NO. 412 

SCR Firing Circuits. Featuring more than 50 diagrams, 
waveforms and other illu strations, this 16-page 
handbook presents a basic study of SC R's and 
their control by magnetic amplifiers. Des ig­
nated Bulletin 5001, the handbook covers s ingle 
and 3-phase systems, high di/di and high dv/dt 
co nditions, protection of the firing circuit from 
fa ilure, on-to-off ratio, sensi tivit y, gate pulses 
and many other e leme nts important to the cir­
cuit designer's basic knowledge. Firing Circuits, 
In c., Div. of Marathon Electri c Mfg. Corp., 
Muller Ave., Norwalk, Conn. 06852. 

CIRCLE NO. 413 

REED 
RELAYS 
ENGINEERED FOR 

TROUBLE FREE, LONG LIFE 

COMPETITIVELY PRICED 
Computer Components manufactures 
from standard size thru micro-minia· 
ture size for every exacting applica· 
tion. Critical standards are maintained 
and complete testing procedures are 
uti lized to insure a quality product. All 
s t andard relays can be supplied at an 
accelerated delivery schedule and if 
required, will meet all applicable par· 
tio ns of MIL·R·5757D. 

PC SERIES - STAN DARD 
Available up to 6 pole normally open 
and 6 pole double throw. 

M PC SERI ES - M INIATURE 
Available up to 4 pole normally open 
and double pole double throw. 

MG SERIES - MICRO M INIATURE 
( 1h size crystal can relay) 

Available up to 2 pole normally open 
and double pole double throw. 

All relays are supplied magnetica"Jly shielded 
a nd epoxy fi ll ed . Optional features are as 
follows: 

Magnetic and Elect ro m agnetic latch ing 
Bifi iar Windings 
Electrost ati c sh ie lding 
Pin loc ati ons to match existing printed 
w i r i ng boards 

For additional information write for our 
detailed catalog or contact our Sales Engi· 
neering Representative in your area. 

Circle No. 1 30 on Reader Service 

Card for more information. 
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Electrical Distribution Products. Catalog No. 67-R, 
36 pages, co vers an ex tensive line of elec trical 
di s tribution products. Major product groupings 
ca taloged includ e co nduit fittings, circuit con­
trols, plugs and receptacles and lighting equip­
ment. The brochure clearly identifies th e di­
versified line of products by illu stra tion, part 
number , s ize , weight or service ratin g and price. 
The Pyle-Na ti onal Co., 1334 N. Kos tner Ave., 
Chicago, Ill. 60651. CIRCLE NO. 414 

EM! Gaskets. A 70-page handbook/ca talog cove rs th e 
technology a nd devices used lo seal waveguide 
fla nges and elec tronic e nclos ures aga ins t both 
elec tromagnetic and fluid leakage. ll contain s 
a ll informat ion needed to help engineers bring 
thi s diffi cult area under control. The handbook 
contains 15 tables of engin eering dat a plus 24 
technical illustrations coverin g every aspect of 
seal des ign or se lec tion. Handbook W5460. 
Park er Seal Co., 10567 W. J efferson Blvd., Cul­
ve r Ci ty, Calif. 90230. CIRCLE NO. 415 

Integrated-Circuit Accessories. This new catalog on 
digital compone nts covers a varie ty of inlegrated­
circ uit products, including "Cambi-Cards" with 
a se lection of permanent , se mipermane nt or 
te mporary mounting provis ions for in -li ne a nd 
fl a t-pack circuits. Detail s are provided on in­
line sockets capable of mounting any standard 
in-line integrated circ uit mod ul e with up to 32 
leads. Flat-pack holders are li s ted in two types 
and can accept any standard fl a t mic roelec tri c 
package, with or without preformed leads. 
Cambridge Thermionic Corp., 445 Concord 
Ave., Cambri dge, Mass. 02138. 

CIRCLE NO. 416 

NO BURNS 
LIKE THIS 

NO BLANl<S 
LIKE THIS 

A PERFECT RECORD every time LIKE THIS 

Multicorder Model 604 .......... $200.00 
ACCESSORIES 
Gear Unit No. 6082 (30", 60", 90" per hour) . .. . 30.00 
Chart Paper No. 02612, Per Roll . 2.50 
Ever-Redy Vinyl Carrying Case No. 02611 . . 25.00 

I r 
Multicorder® 

I t t 

22 SINGLE ELECTRICAL RECORDERS 
WRAPPED IN ONE 

STANDARD 3 CHART SPEEDS 
1",3",12" PER HOUR 
Impressions every 2 seconds. Additional speeds 
(30", 60", 90 " per hour) with the optional gear 
unit Catalog #0682. This voltage-current 
recorder has a wide selection of ranges and 
functions to eliminate the need for separate 
recorders. The pressure-sensitive paper means 
that there is no conductive paper to burn, no 
ink to run dry. Meter movement features shock­
proof TAUT BAND SUSPENSION. AC and 
DC indicating accuracy is ±1.5 3 FS; record­
ing accuracy ±2.5 3 FS. These are just a few of 
the features that make the Simpson Model 604 
Multicorder the most versatile and economical 
recorder on the market. For the full story, write 
for Bulletin 520. 

RANGES 
DC VOLTS : 0-0.1, 0.5, 2.5, 10, 25, 100' 250, 500 @ 20,000 n;v 
AC VOL TS: 0-10, 25, 100, 250, 500 @ 5,000 f!/V 
DC MICROAMPERES: 0-50, 250 
DC MILLIAMPERES: 0-1, 5, 25 
DC AMPERES : 0-0.1, 0.25, 1.0 
AC MILLIAMPERES: 0-0.2 

• 

SIMPSON ELECTRIC COMPANY •NSTRUMENTS THAT STAY ACCURAT E 

Representatives in Principal Cities 5202 W. Kinzie Street, Chicago, Illinois 60644 • Phone : (312) 379-1121 
··· See Telephone Yellow Pages Export Dept : 400 W. Madison Street, Chicago, Illinois 60606, Cable, Simelco 

IN CANADA : Bach-Simpson Ltd ., London, Ontario 

DI VISION IN INDIA: Ruttonsha -S impson Private Ltd., International House, Bombay-Agra Road, Vikhroli , Bombay 

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT 

Circle No. 1 67 on Reader Service Card for more information. 



In fact , it was being thrown for a loss by 
lam inated steel recording heads. Steel 
heads couldn't cope with high frequencies. 
Or measure up to gap definition require­
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 
frequ encies , and maximum permeability of 
6000. Plus high saturation, low loss, and a 
high Cu rie 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 signa l effic iency. And, as 
a bonus advantage, Ferramic 0-6 heads 
have an operat ing 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, 
Ind iana 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. 

LITERATURE 

instruments 
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Instrumentation Catalog. Bulle tin No. 
l C-66444 contains desc riptive summari es 
of X-Y plotters. d igita l vo ltm eters. 
data-aequi,i ti on sys te ms and otlwr 

similar ins trume nts. Brief s pec ifi cations 
and descriptions of fun c tions , prices and 
photographs are provided for so lid-s ta te 
digital voltmeters and d igi ta l volt­
ohmmeters, reed relay scanne rs, a hi gh­
s peed pri nte r , a parallel-to-seri al con­
verte r , se veral tab le- to p and la rge X-Y 
recorders and da ta-logging sys tems. E lec· 
Ironi c Assoc., l nc., West Long Branch , 
N. J. C IR CLE NO. 41 7 

Control Knobs. A revised data shee t 
li s ts milita ry s pecificat ions applicable to 
cont ro l knobs and othe r mechanical com­
ponents made by th e R aytheon Co. 
Co mponents covered include co ntrol 
kno bs, knob locks, s hafi locks , pa ne l 
bracke ts, fu se c lips , bindi ng posts, 
captive hardware, s tandard tes t jac ks, 
prin ted-circ uit tes t ja cks, f ixed-con tac t 
sub mini ature tes t jacks and s nap-in 
contac t s ubmin iature tes t jacks. Il ­
lus trat ions of the var ious hardware types 
are included. Data Sheet MC-llO. 
Raytheon Co., I ndu stria l Compon ents 
Ope rati on, 465 Centre St. , Quincy, 
Mass. 02169. C IRC L E NO. 418 

Clutch Spinner Knobs. Mil Spec clut ch 
s pinner knobs a re described in a two­

page da ta shee t. Designed to protect 
precis ion equipme nt , th ey feature a 
c lutch mechani s m incorporat ed into the 
knob that sa ti sfi es all the requirements 
of MS-91528 Rec. C. The data s hee t , 
covering the entire seri es, contain s a 
s pecification chart , dime nsioned draw­
ings and details on ordering by s ize , 
s tyle, s haft-hole di a mete r, fini s h and 
torque. National Radio Co., 37 Was h­
ington Si., Melrose, Mass. 

CIRC LE NO. 41 9 

•Circle No. 1 68 on Reader Service 
Card for more information. 



Ra diation Research and Measure­
ments. A 16-page catalog conta ins 
information on ins truments and 
accessories for basic and applied 
radiation research and meas ure­
ment. Equipment discussed in­
cludes a continuous radiation 
source sys tem, a nanosecond 
spectral source sys tem , a pu lsed 
ion laser, a radiometer, a trigger 
delay generator and an image con­
verter ca mera. In addition to 
photographs and descriptions of 
each product, the catalog co n­
tains performance charts, il­
lustrations and li sts of reprints 
of pertinent published papers and 
application notes. TRW Instru­
ments, 139 Illinoi s St., El Segundo, 
Calif. 90245. 

CIRCLE NO. 4 20 

Galvanometer Reference Guide. 
A pocket-s ized reference guide 
lists ga lvanomete r characteristi cs 
and provides a nomograph to cal­
culate related circuit values. The 
front side of the plastic des ign 
aid contains convenient tables 
li stin g all Honeywell M-Type 
ga lvanometers. Characteristics 
of both electromagne ti c and fluid­
damped galvanometers are given. 
On the back side is a handy gal­
vanometer circuit nomograph for 
determining relationships between 
cu rrent, res istance and source 
voltage. Honeywell Tes t Instru­
ments Div. , 4800 E. Dry Creek 
Rd., Denver, Colo. 80217. 

CIRCLE NO. 421 

Amplifiers and Function Modules. 
A 16-page ca ta log descr ibes 
se veral broad lines of analog and 
hybrid plug- in modules, inc lud ing 
22 new operational a mplifi ers, a 
line of instrum entation amplifiers, 
seven new fun ction modules, a 
line of active filt ers, 11 power 
supplies and a broad line of ac­
cessories. Burr-Brown Research 
Corp., International Airport In­
dustrial Park , Tucson, Ariz. 
85706. CIRCL E NO. 4 22 

0 

All· Ameriean 
Bloelier! 

A Syntron Avalanche Silicon Rectifier blocks out 
voltage transients; assures dependable operation. 
Avalanche characteristics are built 
right into these solid-state silicon 
rectifiers to limit voltage across the 
rectifying junction. Multi-diffusion 
permits exact control of individual 
junction parameters. Mail coupon for 
information about Avalanche Silicon 
Rectifiers available from 1 A'MP-250 
AMPS. Voltage from 50 to 1600 volts. 

Circle No. 1 34 on Reader Service Card for more information. 
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Pl ease se nd detai ls about 
Syntron Avalanche Silicon Rectifiers 

Name and Title _ ____ ______ _ _ 

Company ___________ ___ _ 

Stree._ ______________ _ 

City and State _________ Zip __ _ 

~----------------------~ 

S ON 
SVNTRON COMPANY 

439 LEXINGTON AVENUE • HOMER CITY, PA. 15748 
TELEPHONE 412-479-8011 

Sales Representatives Coast-to-Coast 
67R2 

For immediate sales contact, circle No. 829. 
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Janco Corporation's ability to build 
a quality, totally enclosed rotary switch 
stems from a concern to offer you the 
right combination. 

It is this philosophy which permeates 
Janco's products, management, and 
customer relations . It is a credo which 
states that we owe the best combination 
of talents and materials to you and our­
selves, and the end result is peace of 
mind for both of us. Peace of mind in 
knowing that the product we built, and 
you bought, will consistently perform to 
your requirements. 

The right combination starts with 
the right materials . .. top quality mate­
rials. All Janco rotary switches are 

insulated with glass filled alkyd for 
superior mechanical and electrical char­
acteri stics . Current conduction is han­
dled by Beryllium copper and solid 
silver alloy contacts. 

The finest materials in the world and 
the finest manufacturing techniques and 
equipment are worthless without the 
added combination of quality control . .. 
tight quality control. Janco has that 
control because all manufacturing steps 
are performed within its own plant. 
Tooling, investment casting, die stamp­
ing, component machining, plating and 
furnace brazing are all performed at 
Janco by specialists. 

Another important ingredient that 
makes up the right combination for you, 
is customer service. Janco's data proc­
essing center keeps tabs on your order 
from development to delivery ... on 
time delivery. A technically oriented 
rotary switch specialist is located in 
your area to service your requirements. 

Remember, Janco builds a quality 
rotary switch ... a switch that might 
cost a little more than the one you 
used yesterday, but it is the cost of 
quality that takes the problems out of 
tomorrow and gives the builder and the 
buyer peace of mind. Now, isn 't that 

t~e right combina- JANCQ 
t1on for you? 

CORPORATION 
3111 Winona Avenue 

Burbank, California 91504 

Circle No. 1 35 on Reader Service Card for more information. 
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LITERATURE 

Plug-In Power Supplies. This 1967 ca talog li sts more 
th an 62,000 different plug-in power supplies. 
Both single and dual units are listed, with 
nominal output vo ltages from l to 900v and 
output currents up to 3.0 amps. App lica tions 
include operational amplifiers, logic circuit s, 
tes t equipment , integrated circuit s and lamp 
and relay circuits. A continuousl y vari able I 10 

30v lab power supply also is descri bed. Acopian 
Corp., Easton , Pa. 18042. CIRCLE NO. 423 

Power-Supply Slide Rule. This power-s uppl y con­
trol and selection slide scale conlai ns a slide 
section that illustrates eight different operat­
ing modes, such as autotracking slave, auto­
seri es s lave a nd res is tance progra m1ning. A 
window permit_s the compari son of terminal 
des ignations on l he control guide wil h cor­
responding designat ions on a basic power­
supply schematic. I t is then possible to perform 
strapping and connections to corresponding 
power-suppl y terminals. A guide on the back of 
l he slide provides instructions for speci fi c mode 
selected, genera l com ments for all mod es and a 
list of symbols. Hewl ett-Packard/Harrison Div., 
100 Locust Ave., Berkeley Heights, N . .I . 07922. 

CIRCLE NO. 424 

Multilayer Printed Circuits. An eight-page techni­
cal buUetin describes multila ye r printed circuits 
and offers life and environmental tes t results. 
Photocircuits Corp., Glen Cove, . Y. 

CIRCLE NO. 425 



Printed-Circuit Techniques. Tech-
niques for the design/production of 
printed circuits and assemblies for high­
reliability applica tions are deta iled in 
this 16-page technica l book le t. It cove rs 
s uch critical design/production co n­
siderations as manufacturing methods. 
se lecting e lectrop lates lo e nha nce e lec­
trical or mechanical properties, hint s for 
specifying dielectric base materia ls, 
eyelet versus plate d through holes, and a 
discussion of general des ign, production 
and functional parameters of multilayer 
circuit boards. Extensive charts are used 
to illustrate such data as current-carry­
ing capacities of given c ircuit ·patte rn 
thicknesses and performance char­
aclerist ics of base mate ri a ls. Industri a l 
Circuit s Cu .. 23 Kulick Rd. , Fairfie ld, 
N. J. 07006. CIRCLE NO . 426 

Flame-Welding Guide. T hi s 19-pa.ge 
guide discusses techniques fo r fl ame 
we ldi ng, so ldering and brazing miniature 
parts. T he guid e is organized a round 
l l genera l applica tions areas a nd i' ac­
compa ni ed by an ill ust ra ted lis ti ng of 
50 specifi c fi e ld a ppli ca ti ons. He nes 
MJg. Co., 4301 E. Madison St. , Phoenix, 
Ari z. 85034. CIRCLE NO. 427 

Circle No. 1 36 on Reader Service 
Card for more information. t 

This is the 
BCD decoder 
that ends 
make/buy 
decisions 
Many users seem to think so. 
We've built our numeric readout (the noteworthy NIXIE® tube, naturally!) 
into a handsome, compact package that not only gives you dependable low-level 
BCD-to-decimal conversion, but also enhances your most elegant design. 
Most important, our BIP-8211 P readout assembly carries a price tag so low 
that the savings in design, development, production, and testing will convince 
even the most parsimonious do-it-himselfer to reach for a P. 0 . instead of 
a slide rule. 
Convenience? The decoder socket packs can be mounted in one of our bezel 
assemblies that handles up to 15 digits, mounts into your front-panel 
opening with just two screws, accommodates decimal points and colons. 
Flexibility? It's odds-on that your own BCD circuits will drive the BIP-8211 P 
without modification. But we also offer optional versions which accept just 
about any form of BCD, or one that gives you straight decimal-to-decimal 
driving, should that be what you need. 
Reliability? Continuing environmental and life testing add up to dependable 
operation in severe environments of temperature, shock and vibration. All 
this and an enthusiastic Zero Defects Program, too! 
Availability? We've tooled up a new production line that's turning out BIP-821 IP modules 
in quantities large enough to make shipment possible in an interval no longer than 
the time it takes to process the paperwork. Need them even faster for bread-boarding or prototyping? 
They're priced low enough to order them now, and have them in arm's reach. 
Got a BCD-decoding requirement? Leave it to Burroughs! You'll be glad-so will your 
comptroller - so will the user. 
Write or call for full information. 

m Burroughs Corporation/ ELECTRON 1c c oM PON EN T s D I v 1 s 1 oN 

PLAIN F IELD. NEW JERSEY 0 7 06 1 

I i t P r A t 11 r P 1 ? S 



both are wire-wound . . . ceramic and metal construction 

• Here's the answer to such puzzlers as how to boost 
power levels without increasing equipment size ... what 
to use when temperatures will run high ... how to minia­
turize without sacrificing reliability ... and what to substi­
tute for low-temperature, low-power pots in high ambients. 

Both the Model C and Model E retain the same prin­
ciples of rheostat construction that have proved so reliable 
in Ohmite's 10 larger sizes. They dissipate their full ratings 
of 7Yi and 12Yi watts respectively at 40°C ambient on a 
metal panel, and operate to 340°C maximum hotspot tem­
perature without charring, shrinkage, or deterioration. 

Only from Ohmite ..• 
12 sizes of rheostats, 
from 7 1/2 to 1000 watts 

Model C (7Yi watts) is stocked in 18 resistance val­
ues from IO to 5000 ohms as an enclosed model with 
either a standard or locking shaft. Three-pin transistor 
sockets can be supplied for plug-in mounting. 

Model E (12Yi watts) is stocked in 31 resistance 
values from 1 to 15,000 ohms as open models or in 
metal enclosures. Tandem assemblies, special shafts, 
and other variations can be engineered for you. Write 
for Bulletins 201 and 203. 

3633 H oward Street, Skokie, Illinois 60076 
P hone (312) O Rchard 5-2600 

RHEOSTATS• POWER RESISTORS• PRECISION RESISTORS•VARIABLE TRANSFORMERS• TANTALUM CAPACITORS •TAP SWITCHES• RELAYS • R.F.CHOKES • SEMICONDUCTOR DIODES 

Circ le No. 1 37 an Reader Servi ce Card fo r more information. 
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Radiation Detectors . A comprehe nsive l 2·page 
refere nce guide desc ribes neutron and gamma 
radiation detec tors. It cont ains s pecifications 
a nd sc hema ti c diagra ms for eac h detector type. 
a long with a brief techni ca l discussion of the 
th eory and application. C harts show the operat­
ing ranges for each type, and a helpful diagram 
tell s whe re and how each type should be used. 
Includ ed are proportional and fi ss ion counters, 
ion ization chambe rs, self-powered detectors, 
in-core devices, pul se detec tors and gamma 
chambers . Booklet B-9259. Elec tronic Tube 
Div. , Wes tinghouse 
N.Y. 14902. 

Electri c Corp., Elmira. 
CIRCLE NO. 428 

Recorders. A s hort-form ca talog li s ts the co mplete 
lin e of XY a nd " Omnigraphic'· s tyle recorde rs. 
Inc luded are severa l new products -the 6400 
line of XY and XYY recorders, incre me nt a l 
plott e rs for use with comp ute rs . o the r in­
c re me nta l output ckvices and digital plottin g 
sys te ms. The catalog inclu des co nde nsed tec h­
ni ca l descriptions, s pecifi ca tions and prices. 
Houston Omnigraphi c Corp., 4950 T e rminal 
Ave ., Be lla ire, Tex. 77401. 

CIRCLE NO. 429 

Recorde rs. A 20-page bulle tin , ID-4736, makes it 
easy to selec t the mos t suit a bl e reco •de r for a ny 

of ma ny appli cations includ ing meas ure ments of 
volts, amps, power factor, watts, vars, fre­
qu ency, motor horsepower output or s peed. lt 
inc ludes a guide for s pec ifying a nd a pplyin g: 
recorders. Graphs are s how n for plottin g load­
tre nd data and conve rting kilowatt input to 
horsepower output. Genera l Elect ri c Co .. 
Instrume nt De pt. , 40 F ede ra l St., Wes t Lynn , 
Mass. CIRCLE '.\'O. 430 



SYNCH RON 
PRODUCTION 

NEARLY DOUBLED 
TO MEETYOUR 

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. T o 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 Hanse n M fg. Co., 
Inc. , representative. 

Booth No. 31 03, Des ig n Engineering Show 

HANSEN 
MANUFACTURING COMPANY, INC. 

,@}~ PRINCETON, 

~ h["' IN DIANA 

HANSEN REPRESENTATIVES : CAREY & ASSOCIATES, 
Houston and Dallas, Texas; R. 5. HOPKINS CO., 
Sherman Oaks, Calif.; MELCHIOR & MacPHERSON , 
INC ., San Carlos , Calif .; THE FROMM CO ., Elm­
wood Park , Ill .; H. C. JOHNSON AGENCY, INC ., 
Rochester, N .Y. ; WINSLOW ELECTRIC CO., Essex , 
Conn ., Narberth Pa ., and New York, N.Y . 
EXPORT DEPARTMENT: 64-14 Woodside Ave., Wood­
side, N.Y. 

Circle No. 1 38 on Reader Service Card 
for more information. 

For immediate sales contact, 
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High-Speed Switching Relays. Catalog 
F'-5604 prov id es relay and high-speed 
swit ching solutions for multiplexing, 
direct digital control and data sampling. 
Electrical and mechan ical specifications 
for high-speed relays and paokages de­
signed for plug-in, printed-circuit board 
and wire- in app li cations are desc ribed. 
Appl ication notes with relay drive circuit 
diagrams are provid ed. J a mes Elec­
tronics, Inc., Componen ts Div., 4050 N. 
Rockwell St., C hicago, Ill . 60618. 

CIRCLE NO. 431 

MAGNETIC 
SHIELDING 
TAILOR MADE ... 
QUICKLY •.. BY YOIJ ... 

Ideal for initial experimental evaluation. Also 
for production applications. Eliminate inter­
ference in your display or system by wrapping 
permanently effective Netic Co-Netic Magnetic 
Shielding Foils around offending components. 
Presto! No more interference. Easily shaped 
with ordinary scissors to your outline. 

Co-Netic and Netic foils are not significantly 
affected by dropping, vibration or shock and 
do not require periodic annealing. High 
attenuation to weight ratio performance. 
Available in any required length in thickness 
from .004" in rolls 4", 15", and 193/s" wide. 

OHMITE [!] 
I 

TIME 
DELAY 

_ ~AYS \...l.:J 
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Time-Delay Relays. Bullet in 709 de­
sc ribes a lin e of solid-s tate, time-delay 
relays that feature a so lid-s tate timing 
device and an elec tromechanical relay 
as the power-switching portion. The 
elec tromechanical relay can be an int e­
gral part of the device or ex te rnal to it. 
Variab le and fixed-delay types are li s ted 
in the bull e tin in various ranges or fixed 
valu es a nd fo r various a-c and d-c s upply 
voltages. Ohmite Mfg. Co., 3679 Howard 
S t. , Skokie, Ill. 60076. 

CIRCLE NO. 432 

Foi l Pe r form ance Evaluation 

Circle No. 1 39 on Reader Service 
Card for more information. 
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Relays. Sixty standard relays in more 
than 700 differen l contact arrangemenls 
and co il voltages are li sted in Catalog 
100. A noteworthy addition is a micro­
miniature relay suitable for low-profile 
applications. Also of interest is a series 
of miniature dry reed rela ys. Other types 
li s ted include mercury-welted contact, 
polarized, sens1t1ve, spec ial-purpose, 
telephone-I ype and power relays. Potter 
& Brumfield , Pr inceton, lnd. 47570. 

CIRCLE NO. 433 

FREE 
TECHNICAL 

MANUAL K-6 
gives electrical and physical 

data on all types of mica 
No tool ing cost on nume rous fa br i­
cated pa rts of natural and built-up 
mica. 
Pre-p u nched insulating wafers to 
electrically isolate transistors, 
diodes, etc. from heat sinks. 

Corrugated mica to reduce handling 
and fabrication costs for thermal 
elements. 
All gra des of mica offered. 

Immed ia te d el ivery from stock on 
many items . 

PERFECTION MICA CO. 
1322 No. Elston Ave. 

Chicago, lll1no1s 60622 

Phone 312. EV 4 2122 

Circle No. 1 40 on Reader Service 

Card for more information. 



Now, your Babcock 10 amp. full size crystal 
can relay will also switch dry circuit with the 
same set of contacts. These exclusive universal 
con tacts have greatly simplified your relay 
stocking requirements. You can order on e 
model to meet a given set of performance pa­
rameters without concern for load requirement 
- at no cost premium. Get complete informa­
tion about this versatile relay , and the entire 
Ba bcock line, a ll wi th universal contacts. 

Write Babcock Relays, Division 
of Babcock Electronics Corpo­
ration, 3501 H arbor Boulevard, 
Costa Mesa, California 92626; 
or telephone (714) 540-1234. 

a 
R 

Circle No. 141 on Reader Service Card for more information. 

This Babcocl< 
10 amp. relay 

also 
switches 

dry circuit 
with the 

same contact set 

~ 
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SIZES 

The Babcock Model BR7 relay 
will perform from dry circuit to 
10 amps., with universal contacts, 
and is designed to meet critical 
aerospace applications. 

SPECIFICATIONS 
P U LL- IN POW ER, : 

1.300" h. x 1.075" 1. x .515" w Low as 80mw. 
W EIGHT: LI FE: 
Approx. 1.0 oz. 100,000 opera tions ) min . 
CONTACT ARRANGEMENTS: T EMP. RANGE: 
SPOT and D PDT - 65"C to + 125"C 

FROM THE BABCOCK FAMILY OF CRYSTAL CAN RELAYS 

..... ~ 
otJf;":'I. 

\ ~ · \ 
\ 1\ 

FULL SIZE HALF SIZE SI XTH S IZE 
DPOT SPOT & DPDT SPOT & DPDT 
de to 10 Amps. de to 2 Amps. de to 1 Amp. 

For immediate sales contact, circle No. 831. 

LITERATURE 

General-Purpose and Power Relays. A six-page 
ca talog li sts general-purpose a nd medium-power 
elec tromec ha nical relays. In add ition to pro­
viding a bri ef descri ption of eight differen t 
types of relays, the ca talog inclu des information 
on co il vo ltages, contac t arrangements and 
power rati ngs. Also included are pictures and 
mounting info rm ation fo r eac h relay. Eagle 
S ignal Di v., The E. W. Bliss Co., 736 Federa l 
St., Davenport, Iowa 52808. 

CIRCL E NO. 434 

Relays and Solenoids. T he 48-page ca talog de­
scribes a line of re lays and sole noids that in­
c lu des more than 40 types. T he catalog provides 
he lpful selc tion, appl ica tion and accessory in­
for ma tion. Mossman-Ell io tt Corp., 202 Larkin 
Ave., J oliet, Ill. 6043 1. CIRCLE NO . 435 

Cuude IQ P~OCVRlNG !V!AGNE'T!C SHIELDS 

MAGNETIC SHIELD DIVISION 
,.,._...,....,,.. ..... ---... 

Magnetic Shield Guide. A ti me-sa ving fo u r-page data 
ma nu al, No. 187, is inte nded to help engineers 

obt ain magne tic shields p rope rl y fab ri ca ted for 
the desired a pplication. The manu al illustra tes 
num erous types and configurations of Netic 
a nd Co-Netic nonshock sens iti ve magne tic 
shields that have minimal re tent iv ity and do 
not requ ire periodic ann ealing. Magneti c and 
ph ys ical environme nt , shield configuration a nd 
performance req ui re ments a re a mong the topics 
discussed. Magnetic Shield Di v., Pe rfec tion 
Mica Co., 1322 N. Elston Ave., Chicago, Ill. 
60622 . CIRC LE NO . 4 3 6 
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Magnetic Shielding Gasket. Data Shee t 
EMC-064 describes " T eckmag", an ef­
fec tive EMJ/RFl shielding gasket/s trip 
for elec tronic eq uipment enclosures. 
T he strip adhe res magneti ca ll y to any 
fe rrous surface and requires no ad­
hesives, fasteners or attachment s trip s. 
It is available in 25-ft le ngths or pre­
punc hed in 8- ft le ngths to fit stand ard 
EIA cabinets. Widths are I /2 to 3/4 
inches. Tec hnical Wire Produ cts, lnc., 
129 Dermody St. , Cranford , N. J. 07016. 

CIRCLE NO. 43 7 

Solar Energy Converters. A four-page 
broc hure on so lar energy convert ers 
includes com pl ete descriptions of the 
cell s tru cture, functions of the con­
verter, applications a nd uses, ceU c har­
acteri sti cs and des ign data, part numbers 
a nd specifications. Also included a re il­
lustrated diagrams on vo ltage-c urrent. 
spec tral response and power output 
variation with te mperature. Sensor Tec h­
nology, Inc., 71l8 Gerald Ave., Van 
Nuys, Calif. 91406. 

CIRCLE NO. 438 

Circle No. 1 42 on Reader Service Card 
for more information. • 

For immediate sales contact, . 

Mix these signal, 
power and coax leads 
any combination. 

• 1n 

BurndyTrim Trio Connectors-available 
in many shapes-accept three contact 
styles, all crimp-removable, for signal and 
power leads #16 thru #24, twisted pair 
#24 and #26, and subminiature coaxial 
cables. 

Changing conductors is fast and simple, 
whether for lower voltage drop or better 
shielding or mechanical reasons. This 
makes Trim Trio Connectors ideal for 
breadboard and prototype work as well as 

INTERN ATIONAL SALES HEADQUART ER S AND MANUFACTURING ~AC ILITIES: 

production. For large production runs you 
can take advantage of the economies of­
fered by the automatic Burndy Hyfematic'" 
with a crimp rate of up to 3000 contacts· 
per hour. 

Get more details on how you can take 
advantage of the Burndy Trim Trio 
System-THE ACCEPTED METHOD OF INTER· 
MIXING CONTACTS. 

.O BURNDV V Norwal k, Connecticut 



Offer true hermetic sealing 
-assure maximum stability and life! 
Delays: 2 to 1 80 seconds •• Actuated 
by a heater, they operate on A.C., O.C., or Pulsating 
Current ... Being hermetically sealed, they are not 
affected by altitude, moisture, or climate changes .. . 
SPST only- normally open or normally closed •.• Com­
pensated for ambient temperature changes from -55° to 
+ 80° C . • .. Heaters consume approximately 2 W. and 
may be operated continuously ... The units are run:ed, 
explosion·prool, lone-lived, and-inexpensive! 
TYPES: Standard Radio Octal, and 9-Pin Miniature. 

list Price, $4.00 

PROBUM? Send for Bulletin No. TR-8 r 

0 

All PE RITE 
BALLAST 

REGULATORS 
Hermetically sealed, they are 
not affected by changes in alti­
tude, amb ient temperature 
{-50° to +10· C.), or humid­
ity . .. Rugged, light, compact, 
most inexpensive . 

List Price, $3.00 

Circle No. 143 on Reader Service 
Card for more information. 

LITERATURE 

Illuminated Pushbutton Switches. 
Cata log 2007b , 24 pages, deta ils a line 
of info rmati on dis pla y illumina ted pus h­
button s witches, word indicator lights, 
ind icating fuse ho lders a nd electro nic 
contro l components. Inclu ded are prod uct 
descri ptions, their ap pli cations and uses, 
illust ra ti ons. deta iled diagrams , optiona l 
fea tures a nd mounti ng arra ngeme nts . 
Mas te r Specia lti es Co., 1640 Monrov ia , 
Cos ta Mesa , Ca li f. 92627. 

CIRCLE NO. 439 

'/ 

ROTARY STEPPING SWITCHES 

Rotary Stepping Switches. A 36-page 
ca ta log fea tures s pecifica tions and ap­
pli cat ion infor mati on as we ll as mount ing 
da ta on a wide varie ty of ro tary s te pping 
s witches, including the T ype 36 (12 
point), a nd the Type 45 (norma ll y c losed). 
lt conclud es with sections on hermetic 
and protec tive enclosures and refere nce 
da ta. Circ ular 961 -1698-L. Automatic 
Elec tri c Co., Northla ke, (JI. 60164. 

CIRCLE NO. 440 

Thermistors for Temperature Compen­
sation. A fo ur- page app li cat ion data bu l­
le tin, Section 3702 , describes the use of 
thermally se ns iti ve res is tors for a var ie ty 
of te mpe ra! ure-co mpe nsation requ ire­
ments. T he publication contains de­
scri ptions of types of co mpensa tor cir­
cuits, explains uni t curve solu t ion meth­
ods and gives sam ple so lutions a nd also 
di scusses typ ical app lications. General 
Elect ri c Co., Magneti c Materia ls Busi­
ness Section, Box 72 , Edmore, Mich. 

CIRCLE NO. 441 

PUT 
HEAT 
WHEREVER 
YO·U 
WANT IT. 

with WATLOW Silicone Rubber Heating Pads 
• Thin , lightweight, and flexible, these rugged heating units are 
made with resistance wire embedded in silicone rubber and will 
operate continuously at temperatures up to 450° F. 

• Res istant to corrosion , moisture, chemicals, weather ing, and 
vibration. 

• Most efficient for heating any surface, since close matching of 

WAT LOW ELECTRIC 

heater to desired shape and size results in less wasted heat and 
lower power requ irements. 
• Proven in hundreds of applicat ions as a rel iable, long-lived, 
and easy-to -apply heat source. 
These inexpensive units may solve your electric heating problem. 
For details on how they are made, shapes they fit, and how they 
can cut costs, write or call today. 

COMPANY of California 
Subsidiary of Wat/ow Electric Mfg. Co. 

141 W . Hazel St., Inglewood, Calif ., Phone: (213) 673-4711 

Circle No. 144 on Reader Service Card for more information. 



Pushbutton Switches. A 22-page ca talog, 
Form No. PBS-1, describes an extensive 
line of pushbullon switches. It con­
tains detai led information on th e modular 
design of the switches and describes the 
basic mod ule element s and assemblies 
as well as accessories. The catalog shows 
how the modules ca n be used lo solve a 
variety of switching problems. Mechan­
ical, elect ri cal and environmental specifi ­
cations are included, as well as dimen­
siona l drawings for three basic se ries of 
switches. Cenlralab, Div. of Globe-Union, 
In c., 5757 N. Green Bay Ave., Milwaukee, 
Wis. 53201. CIRCLE NO. 442 

Coaxial Switches. A 12-page techni ca l 
man ual consists of a discussion on coax ial 
switches. Included are principles of 
operation, descriptions of basic design 
types and relative meri ts, contact 
arrange ments and switching actions, 
opera tional differences, definiti ons of 
terms and performance characte ristics. 
Also covered are drive methods, trade­
off charac teri stics and a guide lo the 
specificati on of coaxial switches. The 
discussion includes a com pari son of the 
relative merits of elec tromechan ica l 
switches versus so lid-slate switches. 
Sage Labs., Inc., 3 Huron Dr., East 
Na tick, Mass. CIRCLE NO. 443 

Resistance Thermometers. Co mpre­
hensive information on platinum re­
sistance thermometers in both free 
filament and weldable se ries is furni shed 
in a 12- page data bulletin. Specifica tions 
for both series are in cluded and a co m­
plete resistance-ratio versus tem­
perature tab le is provided for the ent ire 
temperature range. Data Sheet PD 209, 
BLH Electronics, Inc., Waltham , Mass. 
02154. CIRCL E NO. 444 

RF Terminations. A line of RF termina­
tions, ra nging from convection-cooled to 
ca lorimetri c waterloads, is described in 
an eight-page short-form catalog. En­
tit led "Coaxial and Waveguide RF Ter­
minations", I he publi ca tion ljsts con­
vection-cooled dummy loads in finn ed or 
unfinned versions; dry-type, water­
cooled loads, and calorimetric water­
loads designed fo r use with thermopi les 
or djfferenti al thermometers Lo measure 
average power from a microwave source 
in com pliance with MIL-E-1 require­
ments. Raytheon Co., Special Micro­
wave Devices, l30SecondAve.,'Waltham , 
Mass. 02 154. CIRCLE NO. 445 

Circle No. 1 45 on Reader Service 
Card for more information. t 

To operate Cherry's new "Feather-Touch" switch , forget about p ilin g on the pressure. 
On this e xtend e d lever version, for example , a mere 5 g rams is the maximu m operating 
force. You won't find another 5 amp . m in iatu re snap-action switch with an operating 
forc e that low-anywhere. 

Only 45 grams ma ximum at the actuator button , a nd the bas ic version o f this s w itch 
springs into action. At the same t ime, the " Feather-Touch " offers the same la rge o ver­
travel , high reliability , and long life that make our other miniature switches so popular. 

If you prefer, specify the " Feather-Touch " in 10 or 15 amp . mod els (maxim um ope rat­
in g forces are , respectively , 75 and 100 grams at t h e button). 

For a sample of this unusual switch d evelopment and complete specific a t ions , write 
to us today . 

CHERRY ELECTRICAL PRODUCTS CORP. 
1657 Old Deerfield Rd. , Highland Park, Ill. 60035 



Here are a few uses ... 

How many can you add 

for these versatile 

ELECTRO Magnetic Pickups 

• • 

We know we'll never discover all the uses being 
made of the ELECTRO Magnetic Pickup. Just as 
we feel our list is complete, a design engineer 
or a production superintendent in a plant we 
never heard of says, "Maybe we can do it 
better with a magnetic pickup!" And usually 
he can. What's your problem? Speed detec­
tion? Timing pulses? Positioning? Our elec­
tronic engineering specialists will help you de­
termine if an ELECTRO Magnetic Pickup can 
supply an economical solution. 

Mod el 3 05h3
6

,,M icro
1 
: min

1
iattudre magntet ic ~· , .. · 

p ickup w it vmy 1nsu a e con n ec mg 0 

lead s; mounts in 1;4"-40 t hreaded hole, 

ACTUAL SIZE 

• 
MAG. PICKUP 

• 

• Diesel engine speed control 

• Differential speed measurement 

• Tapping machine control 

• Molding machine speed indication 

• As a substitute for standard tachometer generator 

• High speed printer roll sync and servo control 

• Up-to-speed indication for drum memory 

• Sector sync signal for disk memory 

• Machine gun performance 

• Analog electromechanical computer test probe 

• Speed control servo for message tape recorder 

• Remote water meter indicator and control 

• Aircraft generator bearing check 

• • • 

Speed Control on Diesel Pumping Engine : 
Contact t ac hom et ers proved in adequate pri ­
m arily because there are so few p laces to con ­
nect them. A magnetic pickup and Electro- tac h 
(with the add ition of a 73.163 Pulse Ada ptor) 
sensing a seri es of holes on the r im o f th e 
flywheel , proved to be the solution. 

Differential Speed Detection: Needed was a 
close check on the speed differential of two 
sections of a textile machine-to assure the 
proper stretch to the yarn . Magnetic pickups 
mounted to sense a gear in each section pro­
vid ed a d irect reading of the difference in rpm 
a nd a percent of the speed differential. 

Precise Position Control: A computer for desk 
top use demanded exceptional ingenuity in 
space saving simplification . A magnetic pick ­
up sensin g a ferrous set screw on a rotatin g 
20-character print wheel provided a s imple 
logical control of its posit ion and eliminated 
the need for complex positioning apparatus. 

Pioneers in Electronic 
Sensing and Control. 
Electronic Tachometers­
Oynamic Micrometers­
OC Power Supp/ies­
Magnetic Pickups. 

MAGNETIC PICKUPS 

ELECTRO PRODUCTS LABORATORIES, INC. 
6125-G Howard, Chicago, Illinois 60648 • 312/775-5220 

Circle No. 146 on Reader Service Card for more information. For immediate sales contact, circle No. 833. 

LITERATURE 

-r-test. 
equipment 

Molded Test Accessories. Gen­
era l ca talog No. 12-67 describes a 
co mple te lin e of' molded electroni c 
test accesso ries. T he 36-page pub­
lication includes more than 280 
items. Includ ed are mold ed patch 
cords, molded brea kout s, cable 
asse mblies, banana plugs, tes t 
leads, conn ecting leads, shielded 
" Black Boxes'', socket savers and 
tes t socket adapters. Photographs, 
specifications, dimensions, sche­
mali cs, operating ranges and 

prices arc listed on all items. 
Pomona Elec tron ics Co., Inc., 
1500 E. Ninth St. , Pomona, Calif'. 
9 1766. CIRCLE NO. 446 

Test Equipment. A 16-page tes t 
equipm ent broc hure, No. 2076, 
features Simpson's newest addi­
tion , a palm-sized VOM ca ll ed th e 
160. Also included is a compl ete 
li ne of' test instruments, includi ng 
the 260 VOM's and adap ters, 
vacuum-tube voltm eters, a record­
ing VOM, general-purpose micro­
tes ters, scopes, tempera ture meas­
uri ng ins trument s, plu s carrying 
cases and other ins trument acces­
sories. S impson Elec tric Co., 
5200 W. Kinzie St., Chicago, HI. 
60644. CIRCL E NO. 44 7 

Test Modules. Th is brochure de­
sc ribes the Seri es 2000 line or 
20-MHz tes t modu les . Designed 
for memo ry tes ting, telemetry 
tim ing and c ircuit evaluation, the 
units provide signal parameters 
fo r both bench tes ting and sys­
te ms applica tions. The brochure 
expla ins fea tu res, specifica tion s 
and prices fo r a t rigger module, 
timing mod ule, pos iti ve and nega­
tive current-driver modules and 
two enclosures (with and without 
power), S impl ified function and 
logic diagram s are included. 
Honeywell , l nc,, Compu ter-Control 
Di v., Old Connect icut Path, Fram­
ingham , Mass. 0 1701. 

CIRCLE NO. 448 



Cathode-Ray Tube Guide. A 12-page 
quick-refere nce guide No. B-9260, li s ts 
a complete line of military and industrial 
cathode-ray tubes for radar di splay, co m­
puter readout and oscil loscope app lica­
tions . lt provides physica l and elec trical 
characte ri s ti cs, including dimens ions, 
typical operating conditions and resolu­
tion ca pabilities. Tube types li s ted in­
clude elec trostatic focus and defl ec tion , 
magnetic deflection in round s izes from 
I to 16 inches and magn etic defl ection 
in rectangular s izes from 8 to 23 inches. 
Westinghouse Electronic Tube Div., 
Elmira, N.Y. 14902. CIRCLE NO. 449 

Industrial and Power Tube Guide. A 
32-page tec hni ca l gu ide represents the 
most complete up-to-date listing of 
hundreds nf industrial and µower tubes. 
It features an int e rchangeability li s ting 
I hat covers the most significan t American 
electronic-tube manufacturers. It also 
contains spec ifica tions, base diagram s, 
and elec trical charac te ri s tics of 740 I ube 
types in 19 basic categories. Helpful 
technical information is provided about 
the function , construc tion and applica­
tion of eac h tube category. Booklet 
B-9234. Wes tinghouse Electric Corp., 

Gateway 3, 19 , Pittsburgh , Pa. 15230. 
CIRCLE NO. 450 

Microwave Tubes. '·A dvanced Micro­
wave Tubes for Advanced Systems"' is 
the titl e of thi s four-page s hort-form ca ta­
log. It li s ts a co mplete line of "CEM'" 
and " JCEM" coax ial magnetrons, CW 
a nd pulsed crossed-field amplifi ers and 
high-power noise generators. Varian 
Electron Tube & Device Group, .Box 
B-138, 611 Hanse n Way, Palo Alto, Calif. 
94303. CIRCLE NO. 451 

Microwave Tubes. Entitled " Metal­
Ceramic VHF-UHF Triodes and Te t­
rodes", Bulletin No. ETD-4489 provides 
de tailed information on the General 
Electric line of high performance coaxial 
trans mitting tubes for advanced trans­
mitter des igns. In formation contained 
covers VHF'-UHF' phase d array and 
broadband conventional radar applica­
tions, AM/FM trans mill ers a t 225-400 
MHz, LF'F inte rrogators and trans pond­
ers , high-leve l, wide-range continuou s­
wavc or pulsed-signal generators and 
other broad varieties of trans milling 
tube appl ica tion s. General El ec tri c Co., 
I Rive r Rd. , Schenectady, .Y. 12305. 

CIRCLE NO. 452 

Circle No. 147 on Reader Service 
Card for more information. • 

D.C. M I C R 0 A M P E R ES 

THE PANEL INSTRUMENT WITH BUILT-IN FLEXIBILITY 

TWO NEW SIZES! 

51/z" and 1V2" (Miniature) 

NOW IN FIVE POPULAR SIZES: 
1 112" (Miniature); 2V2"; 3112"; 
4112"; & 5V2''. 

,_"""""""""'ii 

New Triplett G-Series Panel Instruments offer a modern design 

that features a greater degree of flexibility and interchangeability. 

4'J Two types of mounting are available-conventional flush 

type or behind-the-panel with a bezel for modern picture window 

appearance. 2 The insert shield on the front of the mete r 

can be custom painted or printed to meet customer's requirements. 

3 Triplett's famous se lf-shielded Bar-Ring magnet, with 

one-piece die-cast frame, in al l DC and DC suspension type 

instruments. 

In five popular sizes:.5112'' DC and AC; 4112'' DC and AC; 3112'' 

DC and AC; 2V2 11 DC and AC; Wi'' (conventiona l flush 

mounting only) DC and AC rectifier type. 



OTHER 2,4 AND 6 POLE 
2 AMP RELAYS MIGHT 

BE AS GOOD AS THE NEW 
SIGMA SERIES 62. 

If they were built as well. 

Versatile, miniature Sigma Series 62 general pur­
pose relays outperform their competit ive counter­
parts because they are bu ilt better three ways: 

Larger Contacts For Longer Life: The larger con­
tacts (.093" & .058" dia .) used in the Series 62 
assure superior thermal and electrical conductiv­
ity and a life expectancy of 1 mill ion operations at 
rated load. 

Thicker Base For Greater Contact Stability: The 
Series 62 base, in the terminal area , is twice as 
thick as competing types. This provides a much 
higherdegree of mechanical support assuring long­
term stability of the stationary contact members. 

More Durable Lifter For Better Contact Action: 
The contact actuator of the Series 62 is made of 

fabric-filled phenolic rather than paper-based phe­
nolic . It is extremely durable, rigid, and not sub­
ject to cracking even after extended use. 

We'd like to give you a new Sigma Series 62- or 
any of our other standard relays. Test and com­
pare it against the brand you may now be using. It's 
the best way we know to prove what we say about 
Sigma relay performance. Just circle our reader 
service number on the reader service card. We' ll 
send you the new Sigma relay catalog and a "free 
relay" request form. Return the form to us and 
your Sigma representative will see that you get 
the relay you need. 

Need fast delivery? The Series 62 is available 
off-the-shelf from your Sigma distributor. 

SIGML'l DIVISION ( SIG~~,!~;~J::~~~~~J:;2,M!~£ 

134 S C Data 

Sigma lnslrumenls ((anacfaJ Ltd., P.O. Box 43 , To ronto 18 

Circ le No. 14 8 on Rea de r-Se rvice Ca rd fo r more information. 

2N3200 series of s ilicon e pitaxial pnp power t ran· 
;. islon; l'ealures a maximum \ S AT of0.3v a t I a mp. 
maximum lo;x ofO. I µ,a to lOOv, and typi ca l h,.,; 
of 45 al I amp. Units arc avai lable in a 40w , 
7/16-inc h hex s tud pac kage o r a n 8.75w T0:5 
package. T he l-99 quantit y price s tarts al $20. 
C rysta lo nics, Div. of Teledyn e, Inc., 147 S her­
man St., Cambridge, Mass. 

CIRCLE NO. 4 53 

-

Series " E" miniature silicon rectifie rs mea sure only 
1/4 in ch long by 1/8 inch in di a, yet a re ra ted 
from 100 to 1000 PI V. T he rec tifi e r c urrent 
ra ting is I am p with a peak 1-cycle surge c urre nt 
of 70 am ps . Reverse power- di ss ipation capa­
b ilit y is 0.02w/sec. T he un its are transfer 
molded into one-p iece s il icone pl as ti c cases. 
In la rge qu an titi es, the prices ra nge from $0.16 
to $0.42 eac h, depe nding on rat ing. Sark es 
Ta rzia n, lnc., Sem iconduc tor Div., 4 15 N. Col­
lege Ave., Bl oomington, Ind. 4 7401. 

CIRCLE NO. 454 
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Semiconductor Application Note Nu. 
25075 contains a co mpre he ns ive s um­
mary of milliwall res is lur-trans islur logic 
wil h des ign rul es, noi se margin s, propaga-
1 ion delay and power cons umption s along 
wilh a description of variou s applica­
tions. The nol c is available by le ll e rh cad 
requ es l lo !he Tec hnical Li1 era1ure Se rv­
ice, Sprague Electric Co., 000 Mars hall 
S1., Norlh Adams, Mass. 01 247. 

A complete line of avalanc he s ili co n 
rec tifi e rs is desc ribed in 1his 44-page 
catalog. Th e line includes diodes, power 
rec tifi e r assemblies, "Rectipoint " as­
semblies, high-voltage rec tifi e r tube 
assemblies , oc tal base assemblies and 
e nca ps ulat ed assemblies. Catalog31 l000. 
Syntron Co., 432 Lexington Ave., Homer 
City, Pa. 15748. CIRCLE NO. 456 

Circle No. 149 on Reader Service Card 
for more information. • 

For immediate sales contact, 
- · - - · - ... _ "~ .. 4 



MINIATURE 

PERFORMANCE 

GAINS ESTABLISHED BY 

HATHAWAY 'S CONTROLLED 

REED PROCESS AR E: 
• A pure, inert contact 

environment resulting in no 
"film" buildup on contacts 

eliminating contact resistance 
irregularities and recu rring infant 

mortality on dry circuit loading. 
• The Drireed actuation avoids 

failure mechanisms characteristic 
of electromechanical devices. 

• Whatever the switching assign­
ment, Hathaway Double Throw 

relays wi ll do it better and 
more economica lly. 

Hathaway Form C Relays 
are ava ilable in all 
Series-" !" AXIAL, 

" K" PRINTED CIRCUIT, 
" R" COMPUTER 

GRADE, " GP" 
GENERAL 
PURPOSE 

Circ le No. 1 50 on Reader Service Card 
for more information. 

For immediate sales contact, 

SC DATA 

Following is a brief description of man y 
of the produc ts a nnounced by RCA a t 
the IEEE s how in Ne w York . More de­
tail ed information about each can be 
obta in ed by c ircl ing th e accompan ying 

read e r- se rvice numbe rs . 

A 20w ove rl ay tran sis tor, Type RC A 
40444, exhibit s a typica l gai n-bandwidth 
produc t of 100 MH z at 3 a mps and pro­
duces an output of 20w minimum with a 
1 w RF powe r input a t 2.5 MHz. The 
device is a n epit ax ial s ili con npn tran­
s is tor pac kaged in the J EDEC-t ype T0-3 
case. CIRCLE NO. 457 

Monolithic int egrat e d HF amplifi e r, T ype 
RCA-CA.3028, is packaged in an e ight­
lcad T0-5 pac kage, ope rat es from a 
s ingle 9 to 12v power s uppl y ove r th e 
temperature ran ge - .55 to 125C at fr e­
qu enc ies from d-c to 125 MH z. Sample 

quantiti es are ava il able a t $ 1. 55 eac h and 
produ c tion qu antities will be avail a ble 
in the s<,t"11 nd h;i lr 111" 1967 a t S0.98 cae h. 

lOOO·up qu a ntitie,. 
CIRCLE NO. 458 

Packaged in p las ti c is the 2N5017 I{ F 
trans is tor th at p rov id es powe r output s 
nf 2.1w typi ca l a t 225 _Vll-l z a nd lSw mini­

mum a t 400 MH z. Th r devi ce will op-

c rat e from a 28v power source. The 
ne w package has all elec trod es e m­
bedd ed in th e top of th e case, pe rm it­
ting c ircuit compone nt s to be pl ac ed as 
c lose to th e c hip as poss ible . Produ c tion 
quantiti es are availab l" a t $40 each. 

CIRCLE NO. 459 

A ramil y or 6-a mp Tri a("S is a \' a ilabl e 
in e ither a T0-66 or T0-5 pat"ka~e . Two 
types for 120v operation are des igna ted 
40485 and 40429 and are pri ced at $ 1.50 
each in 1000 quantiti es. T ypes 40486 a nd 
40430 for 240v o peration are S 1.98 each. 
Th e 40485 and 40486 have s urge protec­
t ion up to 100 amps: the 40429 and 40430 
have s urge protec tion of 80 amps. 

CIRCLE NO. 460 
Four n- c hann el, de pl e tion-I ype s ilicon 
du al in s ulat ed gate fi eld-effec t MOS 
tran sis tors a rc ava ilabl e for ope rati on in 
I he V H F/U 11 F freque ncy ran ge. The 
TA 7010 and 7045 are military types a nd 
the TA 7153 a nd 2644 are for comm erc ia l 
a ppli ca tions. CIRCLE NO. 461 
Epit axia l s ili con npn powe r tran , is tors, 
Types 2N5038 and 5039 a rc es pecia ll y 
suit ed for swit ching-co ntrol amplifie rs, 
powe r ga tes, s wit c hing regul a tors, con­

ve rt e rs and invert e r!' . Both wi ll s wit ch 

15 amps with a turn-on time of 0.5 µ. sec 
maximum and both ha ve a powe r di ss ipa­
tion rating of 140w. 

CIRCLE NO. 4 6 2 

The TA7003 mi c rowa ve trans istor will 
de live r l w minimum power output at 
2 GHz with 5-db ga in a nd 30-pe rcent e f­
fic ienc y. Sampl e qu a ntiti es at $90 eac h 
are a vail a bl e. CIRCLE NO. 463 

S ix power trans is tors, des igna ted 2 5034 
through 37 and 405 13 and 40514 are re­
ported to be the highes t power plas ti c 
trans is tors in the indu str y. The unit s 
are capable of de live ring power outputs 
up to 83 w. Four additiona l unit s rat ed at 
36w also a rc inc lud ed . Th ey a re the 

TA 7155 and TA 71 56, th e TA 29ll and 
TA 7137. CIRCLE NO. 464 

CA3029 and CA3030 a rc ope rational am­
plifi e rs packaged in pl as ti c fo r econom y 
a nd feature a 14 v p-p typ ica l output. 
Unit s are packaged in a 14- lead du al 
in-line co ntain e r a nd a re priced a t SS 
and SS.75 ea,. h. rt•, pec ti ve li . in 1000 
qua ntities . CIRCLE NO. 465 

Comm erc ial Engineering, RCA Elec­
troni c Compone nt s & De vi ces, Ha rri son , 
N. J. 07029. 

Circle No. 1 52 on Reader Service Card for more information.• 

Fo r immediate sales contact, ci rc le No. 836. • 

MOTORS DEllVERED 
FROM·SJOCK 
DIAL 513-222-3741 

Typical sample of our extensive 24-hour stock (subject to change) 

A.C. MOTORS HYSTERESIS SYNCHRONOUS GEARMOTORS PLANETARY 
type P/ N dia. length torque rpm volts cycles phase type P/ N dia. le ngth to rque rpm volts cycles phase amps 

SC 53Al06-2 1Yi6" 1~6' .12 oz. in. 12,000 115 400 MM 5A551-l IXS " 31~/' 130oz. in. 27.0 24 v.d.c . .6 
MC 18A107 lY. " 2Y. " .7 oz. in. 1,800 115 60 MC 33A515-2273 l y.'' 3.650" 525 oz. in . 5 .28 115 v.a.c . 400 
MC 18Al08 l XS" 2 Y. " . 7 oz. in . 3 ,600 115 60 FC 83All4-3382 1')16" 3 .964" 750oz. in . .354 115 v.a. c . 60 
MC 18All4 l W 21/4" .7 oz. in . 12,000 115 400 BLOWERS 
FC 75Al06·2 111{6" 21/4" 1.2 oz. in. 12,000 115 400 type P/N dia. ct m @ "ff 20 volts cycles phas e 
FC 75Al 2 1·2 11X6" 2X"' 1.2 oz . in. 3 ,600 115 60 

D.C. MOTOR S 
VAX-1-AC 19All73 11/e" 10 .6" 26 v.a .c. 400 
VAX-2·MM 19A907 2" 37 1.5" 26 v.d.c. 

type P/ N dia . length torque rpm volts amps AC-AXIAL 19A533 25/e" sq . 20 0" 115 v.a .c. 60 

SS 41Al00·13 Ye" 1%" .20 oz. in. 17,000-20,000 27 .18 to .25 DC-AXIAL 19A522 25/e" sq. 58 0" 27 v.d. c. 

MM 3A1002-10 lY." 2!1/' .5 oz. in. 9,000 24 .30 
LL 3Al 003·1 l XS" 2Ye" 1.0 oz. in. 11,000 24 .30 Globe Industries, Inc. 
GRP 166Al00-7 2y.'' 3% " .75 lb. in . 8,000 27 4.0 2275 Stanley Ave., Dayton, Ohio 45404, U.S.A., Area 513 222-3741 

See us at Booth 4517 Design Show. 

Circle No. 1 51 on Reader Service Card for more information. 



The following new products were an­
nounced by Texas Instruments Incorpor­
ated at the lEEE show in New York. For 
more information on any specific device, 

. c ircle the accompanying reader-service 
number. 

The 2N5043 is reported to be the in­
du stry' s firs t germanium transis tor ca p­
ab le of opera tion over the full military 
temperature range of -55 to l 25C. The 
device also possesses the lowes t guaran­
teed noise figure of any transistor op­
erating between 30 and IOOO MHz. lt 
offers a co mmon-emitter, 50-ohm inser­
tion power gain (at 400 MHz) of 8.5db 
(minimum). Noise figure is 2.5 db maxi­
mum at 400 MHz and the minimum gain­
bandwidth product (f,.) is 1.5 GHz. A 
modifi ed planarization process that pre­
vents the melting of the germanium do­
pants is responsibl e for the higher 
te mperature operation. Price is $12.65 
in 100-lot quantities. 

CIRCLE NO. 466 
2 4854 and 55 epitaxial planar s ilicon 
transistors are the first npn/pnp duals 
in T0-5 type packages to receive J EDEC 
regis tration. Packaged in a low-profi le, 
s ix-l ead package, the tran sistors are 

priced at $9 and $7.20, respectively, in 
100-999 quantities. Units provide high­
speed switching, general-purpose ampli­
fication (to 100 MHz) and are capable 
of 2w diss ipation . CIRCLE NO . 467 
Unijunction trans istors, des ignated 
2N4947-49 (T0-18 metal case) and 
2N4891-94 (plasti c-encapsulated), fea­
ture planar performance, application­
tailored c ha rac teri stics a nd economy 
prices. The me tal-can devices range 
from :S0.98 to $1.59 in 100-999 quantities, 
and the trans fer-molded versions are 
priced from $0. 72 to $0.85. 

CIRCLE NO. 468 

S ixt y-t hree ne w TTL integrated c ircuits 
include a high-speed line , a low-power­
line, a not he r complex-function circ uit , 
an open-collec tor quadrupl e NANO gate 
and a quadrupl e NOR gate. Series 54H 
is th e high-speed applica tion lin e and 
Series 54L is for low-power appljcations. 

CIRCLE NO. 4 6 9 

Field-e ffec t trans istors featuring a num­
ber of "firs ts" have bee n made available. 
These units include: the first plastic­
encapsulated MOS-FET, the first high­
voltage, plasti c-encaps ulated FET's, the 

•Ci rc le No. 1 52 on Reade r Service Card for more information. 

• For immediate sales contact, c ircle No. 836. 
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When your design 
is just an idea, 
don't specify a 
special transformer. • • 

highest performing tetrode FET's, the 
firs t matc hed FET pairs in plastic, th e 
firs t dual FET's with matched output 
admittances, nin e FET switches with the 
lowes t ON-resistance. 

CIRCLE NO. 470 
TlP27 is a plas ti c-encapsulated silicon 
power tran s is tor capable of 300v , J Ow 
operation. The unit is capabl e of pro­
duc ing 2w of audio output (C lass A) 
under direc t-lin e operation. Price is 
$0.55 in quantities of 100-999. 

CIRCLE NO. 471 
Gallium arsenide Schottky-barrier mixe r 
diodes, des ignated TIXV08-19, feature a 
noise figure of 6 db at 9.375 GHz. The 
diode famil y consists of 12 devices in 
three package opt ions and is pri ced 
under $60 per diode in quantities of JOO. 

CIRCLE NO. 472 
Si licon trans istor, TlS71-72 is the firs t 
fundamental 4-G Hz oscilla.Lor: al that 
operating frequ ency. its guaranteed mini­
mum output is 10 mw. In quantiti es of 
25. cost is under $85. CIRCLE NO. 4 73 
Texas Instruments Incorporated, Semi­
conduc tor-Components Div. , Semicon­
du ctor Bldg., 13500 N. Central Expwy., 
Dalla s, Tex. 75222. 

T Triad Distributor Division 
~ 01 unon Industries rn 

Circle No. 1 53 on Reader Service Card for more information. 
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Here's a ¥2" diameter rotary 
switch that lets you fit the switch 
to the job - not vice versa. 

The new Daven series "X" will 
switch currents up to 2 amps. 
It's available in 1 to 4 poles per 
d eck. Single pole decks have up 
to 12 positions shorting. 

Write, phone or TWX for B ulletin 
SWSM 267. We build switches 
li ke no o ne e lse can. 

DAVEN. 
DIVISION OF THOMAS A. EDISON INDUSTR IES 
GRENIER FIELD , MANCH ESTE R, N. H. 03 103 
( 603 ) 669-094 0 • TWX 6 0 3-623-4 938 

Circle No. 1 54 on Reader Service 
Card for more information. 



DURANT'S NEWEST! 

• • • in a growing line of count/ control instruments 

49600 UNISYSTEM® 
New, single-level predetermining count/ control system 
developed to meet the need for a small, inexpensive 
digital counter or timer. It provides direct digital read­
ing, eliminating ·dial interpolation. Ideal for installation 
on control panels for machine tools, textile machinery, 
wire, machinery, metering and scaling equipment. This 
exceptionally compact unit is available as a standard unit 
equipped with 2, 3 or 4 Unipulser decades. Design per­
mits it to be used equally well as a desk or panel mount 
without change. Important advantages include ease of 
presetting and resetting (panel or remote) .. . set-up and 
wiring simplicity . . . pre-determined visual setting is 
always retained. Count life and reset life proven for over 
100 million counts. Count speed up to 30 cps. I 15V -
230V, 50-60 cycles. 

For more information circle N o. 'I 

6 YE SERIES ELECTRIC COUNTERS 
These new 6 figure electric units have been developed for 
instrument or control systems, office machinery, data 
processing equipment where long life and high count 
speeds are required. Reset is optional, manual push­
button or electric, with entire mechanism housed within 
the case. The 6 YE Series is available for base or panel 
mounting, providing permanent tamper-proof installation 
without extraneous hardware. 

High accuracy and reliability are assured by an exclu­
sive Durant drive feature: the power impulse cocks, 
power release counts, resulting in a uniform indexing 
force and smooth c;ounting action. 

Count speed is 2400 cpm DC - 1800 cpm AC (recti­
fied). Model s available for I I 5Y, 230V AC or DC -
other voltages on request. 

For more information circle No. 22 

BCD UNIPULSER® 
Durant Unipulsers are now compatible with count/con­
trol equipment using binary coded decimal systems. They 
are especially suited for use in data processing equipment, 
medical instrumentation, business machinery and more. 

BCD Unipulsers use the 0-1-2-4-8 code and hook up 
easily with only 5 wires using standard connectors. Drive 
and visual readout is digital. Electrical readout is auto­
matically encoded from digital to binary, eliminating the 
need and expense of code converters. 

Important advantages include high count speed ( 40 
cps), large readable figures, high current carrying capac­
ity, and long life (proven for over 100 million counts). 
The BCD Unipulsers are the latest addition to the grow­
ing line of Durant decade modules, permitting you to 
count or control practically anything; hours, minutes, 
units, ounces, pounds, etc. 

They are available in three models - 400 BCD non­
polarized, 401 BCD with a common negative, 402 BCD 
with a common positive. 

For more information circle No. 21 

DIGITAL CLOCK - ELECTRICAL READOUT 
Hours, minutes, seconds or decimal combinations of any 
time period can be readout visually and electrically by 
this highly dependable unit. It can be used in data re­
duction systems . . . for controlling batching where timed 
mixing is importam . . to aid in couputing piece rate 
in all production p~oct>sses . . . for use in all types of 
data or materi a1 handling where a time base is required. 

Three, four, five and six digit models are available as 
shown or without cabinet for 9\12" panel or 19" relay 
rack mounting. 115V .;-• 230V AC, 50 or 60 cycle. 
Prices start at $280.00. 

For more information circle No. 23 

-~~,i!~~·=f.!~Zi. 
MILWAUKEE, WISCONSIN 

In Europe: Durant (Europa) N.V. Barneveld, Netherlands 

SC DATA 

High-voltage silicon transistors, 2N50l0 through 
2N5015, feature breakdow n voltages up lo 
lOOOv. The T0-5 device is rated 2w al lOOC 
case a nd the V CEISAT) rating on the 2N5015 (the 
lOOOv unit) is a maximum of l.8v Uc equal lo 
20 ma and I,, eq ual to 5 ma). Prices for 100-999 
quantities start at $6 for a 2N50l0 and peak at 
$36 for the 2N5015. M.S. Trans istor Corp., 
subsidiary of Silicon Transistor Corp., Garden 
City, N.Y. 11532. CIRCLE NO. 474 

Beam-lead microwave Schottky-barrier d iodes, 
l/10 the size of normal microwave Schottky 
diodes, have been designed for the JO- to 750-
MHz range and the 1- to JO-GHz range. Pre­
liminary tes ts have shown that it is possible 
to obtain a 7-db noise figure at X band. The 
unit s, designated 05675M, will be premount ed 
on a ceramic substrate 25 mils 1hjck; unit 
costs are from $25 lo $50 eac h, de pending on 
desired characteristics. Sylvania El<C>clric 
Products, Inc., 730 Third Ave., New York, N.Y. 
10017. CIRCLE NO. 475 



Doublers and center-tapped rec tifier 
circ uit s ("ALPAC") feature alumi nu m 
cases to prov ide maximum thermal con­
ductivity and guaranteed reliability. The 
unit s offer up to 15-amp average rec ti ­
fied current with PJV ratings from 50 to 
600v. Case size is 2.25 by 0.344 by 0.375 
inch. Semtech Corp., 652 Mit chell Rd ., 
Newbury Park, Calif. 

CIRCLE NO. 4 76 

Epitaxial gallium arsenide Scho ttky­
barri er diodes, designated MS-1650-X 
and MS-1651-X, can withstand re petitive 
pulses of JO ergs (2-nsec duration) at 
X band. At about IO GHz, the 50-X uni t 
has a single-ended noise fi gure of 7 db 
maximum ; for the 51-X unit , thi s fi gure 
is 6.5 db. These ratings are based on an 
lF amplifier noise figure of l .5 at 30 
MHz. Respec tive prices fo r the diodes 
are $50 and $90 each. Micro State Elec­
troni cs Corp. , subs idiary of Raytheon 
Co., .1 52 Fl oral Ave., Murray Hill , N. J. 

CIRCLE NO. 477 

STT2650 through STT2656 are a se ri es 
of planar triple-diffused npn silicon 
power transistors. T he un its range from 
30 to 150v with a typical frequ ency of 
25 MHz, 75w power diss ipation and price 
range from $] 2 to $36 at th e l 00 level. 
Sili con Tra nsis tor Corp., Garden City, 
N. Y. ll 530. CIRCLE NO. 478 

Circle No. 1 55 on Reader Service 

Card for more information. • 

Let's look behind the specs 
SHOULD YOU SELECT A HIGH-SPEED OP AMP ON THE 
BASIS OF PUBLISHED SPECS ALONE? LOOK AT THESE 
TEST RESULTS BEFORE YOU ANSWER. All too often , pub­
lished spec ifications just don 't give you the whole picture. 
Take the NEXUS FSK-8 high-speed , inverting operational am­
plifier. It has a specified slewing rate of 50V I µ.sec. Competi­
tive un its, selling for comparable prices have published 
ratings of 100V I µ.sec. But look what the test bench tells us 
about comparative transient response and loop stability . .• 

• First, we tested th e FSK-8 against a lead­
ing competitive unit - Model X - with 
a purely resi st ive, 100K O hm feedback ele­
ment. Th ese scope photos tell the story. We 
couldn ' t get Model X to settle down. 

CONCLUSIONS 
• The FSK-8 provides substantially better 
loop stabi lity and, despite pub lished 
specifications, settles down more quickly 
after a transient. 
• The FSK-8 has superior to lerance to 

• So we added a 10pf capac ito r in the feed­
back circuit and tri ed aga in . These two 
scope photos show how each un it reacted 
to th e application o f positive and nega tive 
voltages. 

UTPUT RISING • 

NEXU$. -FSK-8 • 

UTPUT FALLIN 

OUTPUT RISING 

• MObEl X 

UTPUT FALLING 

IOOK 

high impedance in the external circuit. 
(O ther tests, for whi ch we do not have 
room here, indi ca te that the FSK-8 pro­
vid es • More tol eran ce to capac ity at th e 
summing point • Lower warm-up d rift • 
Better current limi t ing and lock-up.) 

• Next we tri ed both units with 10K Ohm 
feedback res istors, and took a sim ultaneous 
photo of results. 

Th e superior performance indicated here is 
not accidental ... nor is it limited to this 
part icular op amp type. Nexus spends more 
time and money in design to make sure 
that you get pe rformance PLUS . • • not 
performance minus. 

OUT PUT 

•s 
NUL L VOLTAGE 

llM 57'S IN277'S 

Send for complete data today. Also tell us 
if you would like complete ci rcuits and data 
on these and other tes ts, so that you can 
duplicate them in your lab. 

1!4NEXUS 
RE SEA R C H L ABO R A T O R Y. INC • 
.dR n NJ:PnN~FT ~TQFFT r.~NTnN MASS 02021 



EIMAC's new line of miniature planar triodes is 

specifically designed for use in advanced airborne 

and space applications. They are rugged and reli­

able, and feature larger contact areas for improved 

electrical paths . EIMAC 8755, 8756, and 8757 triodes 

are miniaturized versions of the well-known 8533, 

7815, and 7698 tubes . You're assured of excellent 

tube-to-tube uniformity because of our more than 

20 years experience with planar triode design and 

manufacture. Cooling is by forced air or heat sink . 

All tubes have arc-resistant cathodes, and provide 

good high-frequency efficiency through S-band . 

W rite Power Grid Tube Marketing for more details, 

or contact your nearest EIMAC distributor. 

I 

I 
Circle No. 1 56 on Reader Service Card for more information. 

now has three new 
miniature planar triodes 
for airborne and 
space applications 

CHARACTERISTICS 
TUBE TYPE 8755 8756 

Description M iniature, Miniature, 

~~l~v?;~: high curren t, 
stable anode 

stable anOde 

Anode dissipation 100 100 
(watts ) 

Maximum Frequency 3000 2500 
{M Hz ) 

Transconductance 30.000 25.000 
(micromh os) 

TYPICAL 8755 8756 
OPERATION ~ ~ 

gr id plate CW cw 
pulsed pulsed 

Frequency 1550 3000 500 2500 
(M HZ) 

Amplifier AMP osc AMP osc 
or Oscillator 
Output Walts 2000 2500 40 17 
(minimum) 

EIMAC 
Division of Var ian 

San Carlos, California 94070 

grid 
pulsed 

1100 

AM P 

1500 

8757 
Miniature, 

h igh current , 
stab le anode 

100 

2500 

30.000 

8757 
~ 
cw cw 

500 2500 

AMP OSC 

65 25 

I I ' I I I ' I l I 
3 

I 

For immediate sales contact, circle No. 837. 

SC DATA 

D5K1 complementary un ijunction offe rs a set of 
characteristi cs having much superior stability 
than conven tional unijunctions. Oscillators built 
with these devices have been shown to rival 
c rys tals for stability. An osc illat or us ing a D5Kl 
was stable to 5 ppm/deg C when cycled from 25 
to 85C. Low frequency oscillators can be built 
that will offer better than 0.5 perce nt accuracy 
from - 55 to l50C. Stab le oscillators al so ca n 
be built with frequ enc ies up to 100 kHz. The 
unit will be priced at $4.64 in quantities of 
100 to 999. Sample quantiti es now are available. 
General El ec tric Co., 1 River Rd., Schenectady, 
N.Y. 12305. CIRCLE NO. 4 79 

S8828J dual " D" or delay-type binary element has 
been added to Des igner's Choice Logic (DCL) 
Series 8000. Thi s serjes includes both high- and 
low-speed TTL and low-power DTL circu its, 
and offers 18 compat ible circu its in l 4-lead, 
glass-Kovar flat pack s for opera tion over the 
fuU MIL Spec temperature range of -55 to 
l25C. The same unit, packaged in a dual in-lin e 
solid plasti c pack, is be ing offered for narrower 

. temperature range app lications. The 100-up 
prices are $8.40 for the -55 to l 25C S8828J 
T0-88 glass nat pack: $3.65 for the O to 70C 
ST828A plasti c DIP , and $3.60 fort he l 5 to 55C 
SP828A plasti c DIP. Signetics Corp ., 811 E. 
Arques Ave., Sunn yvale, Calif. 

CIRCLE NO. 482 

Type 228 a nd 229 flat-pack, high-power thyri stors 
pass up to 50 percent more current per junc tion 
than previou s stud-mount ed devices. Type 228 
is rated 110 amps half-wave average and Type 
229 is rated 230 amps half-wave average. Fl at­
pack thyr istors have a unique mounting fl ex i­
bili ty. The s ilicon wafe r is cooled f'rom both 
s ides with an equal thermal impedance from 
junction to either face of the heat sink. Th is 
res ults in a forward- or reverse- polarit y mount ­
ing capabilit y. Wes tinghouse Se mi conductor 
Div., Youngwood , Pa. CIRCLE NO. 483 



Type 224 high-power thyristor is rated 
at 630 amps rms and is ideal for weld­
ing applications , power supplies an 
large motor controls. The unit is rated at 
400 amps half-wave average, 630 amps 
rms through 1200v. The liquid-cooled 
heat s ink requires a water flow of 1-1/2 
gal/ min. Wes tinghou se Se miconductor 
Div. , Youngwood , Pa. 

CIRCLE NO. 48 5 

Rectifiers encased in plastic are avail­
abl e in the lead mount with current rat­
ings from 1.5 or 3 amps and peak re verse 
voltages of 50 to JOOOv, or in the stud 
mount with current ratings from 5 to 40 
amps and with peak reve rse voltages of 
50 to 600v. Prior to shipment all units are 
JOO percent tes ted for hermeti c ity by 
being subject ed to a 2-hour, 15-psi s team 
bath. Wes tinghouse Semiconductor Div., 
Youngwood, Pa . CIRCLE NO. 48 6 

A 28-page, three-color book features a 
manufacturer' s lin e of s ilicon and ger­
manium tr_ansistors used for military, 
indu strial and commercial applications. 
The catalog's material is in a new and 
unique format that greatly broadens the 
scope of it s use. Each family is presen ted 
in a separate sec tion and includes typi­

c.al h,.E, V llE(SAT) and V cr:isAr) curves, 
along with specification chart s, outline 
dimension drawings and actual-size 
photos of the s tandard cases. Solitron 
Devices, lnc., 1177 Blue Heron Blvd., 
Riviera Beach, Fla. CIRCLE NO. 487 

Circle No. 157 on Reader Service 
Card for more information. • 

Introducing 
our quick-change artist 

It's Statham's Universal Transducing Cell, a pre- Universal Transducing Cell adaptable to an infinite 
cision transducer for measuring small forces and variety of uses with modest additional cost for 
small displacements. With spec ial quick-change accessories. Companion readouts are available for 
accessories it becomes the basic element in aver- either battery or 115/220-volt AC operation. New 
satile, modu lar system capable of measuring a wide accessories are added from time to time, and 
variety of parameters, including force, weight, owners will be kept advised. Your measurement 
pressure, and displacement. O The Basic Cell, problems can be solved with an introduction to 
Model UC3, is a Statham zero-length strain gage Statham's "quick-change" artist. ltcostsonly$150. 
device with a full-scale output of 16 mv /v. Com-~ For more information, please write to Statham 
bined non- linearity and hysteresis are less /J d ® Instruments, Inc., 12401 West Olympic Blvd., 
than 0.25% fu ll scale. O You'll find Statham 's eJldU!MV Los Angeles, California 90064 (213) 272-0371 



ULTRARELIABILITY 

FOR A-C SYNCHRONOUS 
OR D-C STEPPING DUTY 

D VERSA TILE - Either a-c synchronous motors of 72 or 200 rpm 
at 60 hertz or phase-switched d-c stepping motors for 100 or 
200 steps/ revolution. 

D RAPID START, STOP, REVERSE - Need no external start­
ing means. 

D BIDIRECTIONAL - A si ngle-pole, three-position switch for 
complete control. 

D NO OVERHEATING -Will not overheat or ha rm compo­
nents when completely stalled. Can be safely overdriven with 
an auxiliary motor. 

D NO BRAKING NEEDED - Starts or stops in less than 5 ° of 
shaft rotation. 

D ACCURATE - 1.8° steps a re a ccurate with in --+- .09° noncumu­
lative. 

D WIDE TORQUE RATING RANGE - Nom in a l torque 
ra tings from 25 to 1800 oz-in without gears. 

D WIDE RANGE OF MODELS - 72 and 200 rpm, precision 
stepping, double-end, severe environment, mil itar ized, 
explosion-proof, planetary gear assemblies, high torque gear­
motors. 

WRITE FOR YOUR COPY OF SLO-SYN CATALOG SS1265-2 

SLO-SYN® 
SYNCHRONOUS/ STEPPING MOTORS 

OFFICES: At lanta • Boston • Chicago • Cleveland • Dallas I CANADIAN HDQRS. : Toronto, Ontario 
Detroit • Los Angeles • New York • Ph iladelphia EUROPEAN HDQRS.: 

• 

Francisco • Washington, D.C. The Hague, Netherlands 

THE SUPERIOR. ELECTRIC CO:MPANY 

305 Cann Street, Bristol, Connecticut 06010 

Circle No. 1 58 on Reader Service Card for more information. 

Quadrature Hybrid Comes On Board 
How small can a microwave component get? Here 's a contender-the 
size of a T0-18 can- that may be an answer to phased-array packaging 
problems. 

Input at Input at Inpu t at Input at 
Port No . l Port No. 2 Port No . 3 Port No. 4 

UNIT 
INPUT-~ YzL O deg-

At Port No. l Input p 
Out put Output 

lso lated p/ 2, 0° p/ 2, 90° 
SIGNAL x-J db 

ISOLATED(,j\ ' " t')\ vL90d _ 

At Port No . 2 
Output 

Input p Isolated 
Output 

p/ 2, 00 p/ 2, 90° 
PORT ~12 eg 

Fig. 2- Quadrature hybrid sche­
matic and operational truth­
table description. 

At Port No. 3 
Output 

p/ 2, 90° Isolated Input p 
Output 
p/ 2, 0° 

At Port No. 4 lso lat ed 
Output Output 

Input p p/2, 90° p/ 2, 0° 

Fig. 1-Subminiature quadrature hybrid com­
ponent in T0-18 size package. Operation is 
in any 10-percent bandwidth in the 1- to 
5-G Hz range with 23-db isolation, 50-ohm 
impedance at 5w average power. 

Q uadrature hybrid technology has prog­
ressed from the quarter-wave, parallel­
plate configuration to the lumped-element 
subminiature equivalent, resulting in 
hybrids in a T0-18 can. This enables 
mounting the hybrid on a PC board, thus 
openi ng the way for important new micro­
wave applications. 

The quadrature hybrid in F ig. 1 , a 
four-port device , accepts an input s ignal 
at any of its four ports, distributes half to 
a second port and half to a third port with 
90-deg or quadrature-phase difference . 
T he fo ur th port is isolated. Assuming that 
all outpu t terminations are matched , the 
symmetrical "truth" table in F ig. 2 can 
be constructed. These features have ap­
plication in image rejection mixers, phase 
comparators, phase shifters, attenuators, 

Fig. 3- Quadrature hybrid pellet encased in 
four-port connector housing, an alternate 
mounting method to PC-board pellet installa­
tion. The pellet form opens the way for new 
microwave-system applications. 

SSB modulators, power-adding amplifiers, 
discriminating networks, power divid ers 
and switches. 

This subminiature accomplishment 
points the way to phased-array-system ap­
plications , Fig . 3 , where microwave 
power must· be divided among a multi­
plicity of channels with attendant ph ysical 
space problems. The new hybrid in diminu­
tive pellet form lends itself well to the 
solution of tight packaging assembly ob­
jectives. The operating freq uency of this 
microwave device can be centered in the 
gigaHertz range. 

This tiny quadrature hybrid element, 
known as the Q HU-2 Series, was de­
veloped and is produced by Merrimac 
Research & Development, Inc., 41 Fair­
field Pl., West Caldwell, N. J. 

CIRCLE NO. 488 



The new components listed in 
this section of EON are arranged 
in alphabetical order for your 
convenience. Items are liste9 
in the following order: 
Adhesives 
Attenuators 
Battery Chargers 
Capacitors 
Connectors 
Converters 
Cooling Devices 
Detectors 
Displays 
Fluidics 
Knobs 
Lamps 

and Lights 
Loudspeakers 
Meters 
Motors 
Optoelectronics 
Oscillators 
Paints 
Photoelectric 

Devices 
Potentiometers 
Power Controls 
Power Supplies 
Relays 
Resistance 

Standards 
Resistors 
Signal 

Processers 
Silicones 
Sockets 
Switches 
Tape 
Temperature 

Controls 
Temperature 

Measuring Devices 
Timers 
Transformers 
Tubes 

Bendix LJT Connectors-
first and only to be fully scoop-proof. 

No mismating, damaged pins or short circuits. 
The Scoop Test is a pretty tough test to 
give a connector. To pass, you can't 
damage or short the pins, no matter 
how much you misalign the plug and 
receptacle during mating. 

Bendix® LJT Connectors pass the 
Scoop Test-and scoop the rest. And it 
doesn't matter if the pins are in the 
plug or the receptacle! Because all con­
tacts are totally recessed. They're 
stronger, too. And mismating is a thing 

of the past. Five-key polarization 
assures it. 

But that's not half the story. Hard, 
glass fiber-filled epoxy inserts improve 
electrical and thermal characteristics, 
are impenetrable by pins and probes. 
Plug shells are provided with grounding 
fingers for EMR and RFI shielding. 
Safer, too, because the shell is grounded 
before contacts engage. Insert assem­
blies are staked and bonded for a sturdy 

Circle No. 1 59 on Reader Service Card for more information. 
For immediate sales contact, circle No. 838. 

moisture-proof seal. You can specify 
shell sizes from 9 to 25. Get from 3 to 67 
contacts in 16, 20 and 22M sizes, with 
solder terminations. Select flange mount, 
line mount, straight plug, jam nut or 
hermetic types. All built as rugged as 
you can find. 

Write today for complete information 
on our LJT connectors. The Bendix 
Corporation, Electrical Components 
Division, Sidney, New York 13838. 

Electronics 
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Circle No. 1 60 on Reader Service 
Card for more information. 

DESIGN PRODUCTS 

Adhesives 

Low-Temperature Adhesive,· ' Eccobond" 
32F, is a two-part epoxy adhes ive that 
will se t in a reasonable time at te m­
peratures as low as 32F. It provides a 
strong wate rtight seal between metal 
flanges and co ncrete, and the presence 
of moi sture does not affect the c ure. lt 
has been used to bond microwave ab­
sorbers to refl ective surfaces in subzero 
temperatures. At room te mperature "Ec­
cobond" 32F will cure in about 24 hours, 
but at freezing point it requires about 
2 days. Emerson & Cuming, Inc., Can­
ton , Mass. 02021. CIRCLE NO. 489 

Polyurethane Primers, 
and XR-5137, improve the adhesion of 
polyuretha ne resins to both fl ex ible and 
rigid substra tes. XR-5136 is a one-part. 
solvent -based primer des igned for use 
with soft, flex ible substrat es such as 
urethanes, epoxies and neopre ne rubber. 
XR-5137 is a two-part sys te m for use with 
rigid substrates such as steel, aluminum, 
copper a nd glass. Tes ts have shown that 
in all cases bond strength exceeded the 
tear stre ngth of the urethane. 3M Co., 
2501 Hudson Rd ., St. Paul , Minn. 55119. 

CIRCLE NO. 490 

Attenuators 

Attenuator Networks, Series T and H, 
provide both multiple input and output 
ne tworks and tapped fixed networks. The 
multiple input and out put networks are 
available with one input and up to lOoui.­
puts, or up to 10 inputs a nd one output. 
The tapped fixed ne tworks are housed in 
a choice of can sizes ranging from l -3/8 
to 1-3/4 inches in dia and l to 1-l /4 inches 
deep. A fea ture of thi s series is a selec­

tion of VU meter multiplier networks with 
res istor accuracy of ±2 to ±5 percent. 

RCL Electron ies. In c .. 700 S. 2 1s t St.. 
JrvingtfJn. N. J. CIRCLE NO. 491 

~oo@rn~~i / Formica know­
~w~w~rn / 

Case # 1695-Problem : 4 different copper c lad 
grades were purchased and inventoried, c re­
ating multiple paper work, record-keeping. Idea 
activated: One FORMICA® FR-45 laminate, 
c reated to meet NEMA C-10, C-11 , FR-4, FR-5. 

Case #6520-A-Problem : Pad slippage causing 
poo r registration in production of multi-layer 
circuitry boards. Idea activated: FORMICA® 
laminate MLC system created a sandwich with 
better copper bond strength and registration 
control at elevated temperatures. 



Battery Chargers 

Nickel-Cadmium Cell Bau ery Chargers, 
Series C, are avai lab le in 24 models and 

•opera te fro m a l l 7v 60-Hz input. E ight 
s ingle out put vo ltages, 1.2, 2.4, 3.6, 4.8, 
6.12,24 or 36v,are avai labe, with ampere­
hour rat in gs of 1.2, 2.3 or 4 fo r eac h of the 
e ight out put voltages . No damage is 
caused if the c harger is left on indefi­
nit ely. Each un it c ha rges at it s ra ted 
cu rren t into a fu lly disc harged ba lte ry, 
tapering to a safe charge rate when ba t­
te ry is full y charged. Berkleonics, lnc., 
L221 S. S ha mrock Ave., Mo nrov ia, Calif. 

CIRCLE NO. 492 

Capacitors 

Metal-Encapsulated T antalu m Capac i­
tors, F Series, a re so small tha t J 4 of 
them can be s tacked in less than a cubic 
inc h, making the m ideal for print ed­
circui t board applica tions. T hese capaci­
tors can operate in space or unde r water 
and a t tempera tures in excess of 250F. 
Working voltages a re 6, JO, 15, 25, 35 and 
50, and the se ri es has a good h igh­
freq ue ncy impeda nce perfo rm ance. 
Un ion Carbide Corp., Elec tron ics Div., 
Box 5928, Greenville, S.C. 29606. 

CIR f:l, E NO. 49~ 

Connectors 

'c 

Three-Circuit Connector, has side­
mounting ear molded int o housing to 
provide fas t a nd fl ex ib le panel ins tall a­

tion. Connector con tacts a re c rim ped to 
leads and s nap-lock into the nylon hous­
ing fo r fas t , solde rless assembly. T he 
whole connec tor assembly is made of 
nylon, a nd pos iti ve pola ril y and secure 
co nnec tion is assu red by a deten t on the 
s ide of the hous ing. Mul t ip le c irc uit 
units of up to 15 c irc uit com bina lions a re 
available. Molex P roducts Co., 5224 
Kat rine Ave., Downers Grove, Ill. 60515. 

CIRCLE NO. 494 

how activates ideas! 
If your problem is printed cir­
cuit boards, call us. Continuing 
innovations at Formica Cor­
poration have created a wide 
variety of copper clads. One 
of these could help you! 

Sma ll prob lems in copper c lad c ircu it 

boards can become big problems in 

product dependabi l ity. Tu rn t hose 

problems into prof it and re li abi l ity. Ca l l 

Formica . No one offers as much exper i­

ence in lam inates ... backed by the 

research resources of Cyanam id. We 

make a va riety of copper c lad grades 

to so lve a va ri ety of prob lems. Ideas 

so lve prob lem s. Fo rmi ca kn ow- how 

acti vates ideas. 

Case #5266-Problem : Flame reta rdant version 
of XXXPN-36 requ ired , at no premium . price. 
Idea activated: Flame retardant FORM ICA® 
laminate FR-200 engineered to meet MIL 
specs, offers high flexura l strength, exce llent 
elect rica l properties. 

Case #J-9291 -Problem: Ut il ity-p riced copper 
clad with quick local de livery requ ired, due 
to li mited invento ry space. Idea ac ti vated : 
FORM ICA® lami nate FF-91 (meets G-10 specs) 
produced, main tai ned in Formica regiona l 
warehouses for phone-ca ll de livery. 

There are other brands of 
industrial plastics 

but only one 

._ -~ .... 
- @ "; 

.§.FORMICA 
~ B R AN D 

FORMICA CORPORAT ION • Ci ncinnati, O hio 45232, 
Dept. ED 5-7 subsidiary of C::: c: YAN A NI z D -=::::> 

Circle No. 1 61 on Reader Service Card for more information. 

for 
INTEGRATED 

CIRCUITS 
Thermalloy lead spreaders 
red uce your production cost and 
improve reliability. Wide lead-in 
grooves accurately al ign leads 
with circuit board holes for fast 
assembly. Spreading leads to a 
larger diameter prevents solder 
bridges and allows visual inspec­
tion of topside solder jo ints fo r 
improved rel iability. 
Thermalloy st ocks 1 3 l ea d 
spreaders for 6, 8 , 10 and 12 
lead J.C.'s. The newly expanded 
line now includes 57 mounting 
pads and converters for T0-5. 
T0-18, J.C. and Epoxy cases. 

FREE 
Samples and 

Catalog 
on request 

Circle No. 1 62 on Reader Service 

Card for more information. 

For immediate sales contact, 



Weston Model 1423 Integrating DVM 

1µV Sensitivity at 50 Mo for $1950. 

FEATURES: Strain gage and thermocouple type measurements are made with meaningful 

accuracy due to integrating and high sensitivity features of Model 1423. High common mode 

rejection allows low level measurement of potentials well above ground. Loading errors 

are reduced by 1000 times as compared to conventional DVM's. 

SPECIFICATIONS: Accuracy: 0.02% ± 1 digit. Common Mode 

Rej ection: 150 db DC & 130 db at 60Hz-with up to 5K unbalance 

between input leads, and filter in use. Series (Normal) Mode 

Rejection: 60 db at 60Hz with filter. Overranging : 15% with fifth 

digit display. Display Time Control : From 4 reading / second to 

1 reading / 15 seconds. Overall Dimensions : 6X " x 141/,. " x 161/,.". 

Price: Bench mount, $1950; rack mount, $1995. Price subject 

to change without notice. 

Input Impedance & Sensitivity 

Input Impedance 
Range Minimum Sensitivity 

10.000 mV 50 megohms• I µV 
100.00 mV 500 megohms• 10 µV 
1000.0 mV 5000 megohms• 100 µV 

10.000/ 100.00/ 1000.0 volts IO megohms l / 10/ 100 mV 

•Typical values twice as large 

Contact Weston Instruments, Inc., Weston-Lexington Division, 17 Hartwell Ave., Lexington, Mass. 02173 

WESTON® prime source for precision . .. since 1888 

Circle No. 1 63 on Reader Service Card for more information. For immediate sales contact, circle No. 840. 

DESIGN PRODUCTS 

Subminiature Connectors, Series 00, are l /4 inch in 
dia and are ava ilable in single-pin or coaxial 
versions. The s ingle-pin model has a contact to 
ground tes t voltage of 1.8 kv and can carry 5 
amps. Diameter is 0.051 inch. The coaxial model 
with a 50-ohm impedance has a cont.act to 
ground tes t voltage of 2.2 kv and can carry 2 
amps. Both models fea ture a patented snap­
latch, self-locking de vice with an optional safety 
lock. Frazar & Hansen, Ltd., LEMO Div., 150 
Californi a St. , San Francisco, Calif. 94111. 

CIRCLE NO. 495 

High Capacity Connector is ideal for multipl e-c ircuit 
connec tions in a small space where several cir­
cuit s require high voltages. The unit features 
eigh t circuits in a Oat, compact, nylon hous ing 
with exce llent di elec tric strength and positive 
polarity. Three of the circuits are rated for 
several thousand volts. Contacts are automa­
ticall y crimped to the wires and snap-lock into 
the hous ing. Mounting lugs present si mple but 
firm installation for panel applica tions, and 
housing des ign features interloc king detents for 
free mounting use. Mol ex Produc ts Co., 5224 
Katrine Ave., Downers Grove, lll. 60515. 

CIRCLE NO. 496 
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High-Density Connector, the SQC 100 P 
and SQC 100 S, wi ll acco mmodate 100 
standard S-amp crimp, removable con­
tacts, s ix polarizing pins and a center 
jackscrew. The connec tor shell is only 
l.32S inch square. Center jackscrew 
allows closer side-by-side mounting of 
many more unit s because no hand clear­
ance space around the connector is 
needed for installation or removal of the 
mating connector half. The turning jack 
is an integral part of the male half and the 
fixed jack is an integral part of the fe­
male half. The square connector occupies 
the same area as the box moun t on a size 
18 MS or AN shell. The connector is de­
signed for use in controlled environment 
applications. Winchester Electronics, 
Div. of Litton Industries, Main S t. and 
Hill side Ave., Oakville , Conn. 

CIRCLE NO. 497 

Converters 

Double-Ended Scan Converter Storage 
Tubes, Types H-1161, H-J 203 and H-121 3, 
are des igned to convert stored informa­
tion written in one particular scanning 
mode either to a different scanning mode, 
or to the same mode scanned at a dif­
ferent rate. Read-write crosstalk is elim­
inat ed by s hielding between the writing 
and reading sections. H-1161 is a 2-S/8-
inch-dia tube that features two flooding 
guns, connec ted ex ternally for parallel 
operation. This al lows imm ed iate era­
sure, or the control of the decay rate of 
stored information. Resolution is 800-TV 
lines at SO-percent modulation. H-1203, 
with 4-inch d ia, and H-121 3, with 3- inch 
dia, are designed to allow erasure of 
selec ted portions or of the ent ire storage 
target area. Information decay ra te may 
be controlled by these tubes. Resolut ions 
are 2000 lines for the H-1203 and 1600 
lin es for th e H-1213 , both at SO-percent 
modulation. Hughes Vacuum Tube Pro­
ducts, 2020 Oceans ide Blvd. , Oceanside, 
Calif. 920S4. CIRCLE NO . 498 

"the rumor was true, Boris ... 
Guardian has added QUICK-CONNECT 

terminals to their 98C relay" 
If Boris could have waited we would in place quickly, ends costly soldering llOVAC resistive load. Coil: Voltages 
have given him all the details! En gi- and maintenance expense. A quality 24, 115, 230VAC or 6, 12, 24VDC. 
neers have been asking for a 3/16" unit, made in the U.S.A., it outper- This new 910 "quick connect " Series 
quick-connect version of the famous forms relays costing far more. Simpli- Relay is available right now from stock­
Guardian 98¢ Relay for some time now. tied design enables 8 parts to do the minimum order, 200 pieces. (Or, it is 
It 's here at last. The ideal un it for any work of 22! One-piece field and core. available from your Guardian author­
applications where maintenance and New capsulated coi l with cover. Con- ized Distributor in quantities up to 199 
down-time are critical. This relay snaps tacts: DPDT with rating of 10 amps at units.) Write for further information. 

GUARDIAN @ ELECTRIC 
Guardia if Electric Manufacturing Co. • Dept. EDN57 1550 West Carroll Avenue • Chicago, Il li nois 60607 

Circle No . 164 on Reader-Service Card for more information. 



only 

ROTRON 
makes the famous 

PROPIMAX® 
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Specifically designed for ground and air­
borne applications w~ere line frequenci.es 
are high and where size, weight a.nd relia­
bility are critical-and where high heat 
loads must be dissipated through air cool­
ing. Propimax fans are designed to supply 
large volumes of air against relatively high 
static pressures. 

• 120 CFM-Propimax 2 
200 CFM-Propimax 38 at 11,000 RPM 
220 CFM-Propimax 3 at 22,000 RPM 

• Size: Propimax 2, 3"0. x 1.5"L. 
Propimax 3 & 38, 33/.i"D. x 2"L. 

• 115 or 200 VAC, 400 cps, 1 or 3 Phase 

• Airflow Reversible 

• Servo Rim Mounting 

• High Altitude Designs Available 

Write for complete data 

E ROTRON MANUFACtURING 
COMPANY, INC. 

WOOOSTOCK, NEW YORK Oriole 9·2401 
West Coast: RotroJ'l/Pacitic, Glendale, Calif, 
Canada: AerovoJC C_anada Ltd.1 Hamilton, Ont. 

@Rotron Europa {N.V.) Breda, The Netherlands 

Circle No. 1 65 on Reader Service 

Card for more information. 

DESIGN PRODUCTS 

Cooling Devices Detectors Displays 

" Vaneaxial " Fan, Mod el V050, is onl y 

5 inches in dia and has a capacity of 175 

c u ft pe r minute. lnpul voltage is 200v 

3·phase at 400 Hz, and the unit is pre· 

cision e ngi neered to meet applicable 
military s pec ifi ca tions for high tempera· 

ture, vibra tion, shock, humidity and salt 
spray. Airflow re ve rsa] can be easily 

accompli she d by I urning the unit around. 
IMC Magne ti cs Corp., Marke ting Div., 

570 Main St., Wes tbury, N.Y. 11591. 

Neutron Flux Detector, Model WX-

30687, res ponds in approximat e ly 10- 14 

sec a nd requires no external powe r up­

pl y. It is id ea l for flux monitoring in re· 

ac tor tes t loops or for flux mapping. It 
has a the rmal neutron sens iti vit y of" 1.4 

x 10- 21 amps/neutron/sq c m/sec. lt has 
a sens itive emitter le ngth of 34 inc hes, 

and the e mitt e r wire is made of cobalt. 
Wes tinghou se El ec troni c Tube Div., 

Elmira , N.Y. CIRCLE NO. 500 

Solid-State Display requires an e ight­

lin e binary input (BC D code) and uses 10 

ou tput s to drive 10 lamps, with a 12· 

output option avai lab le. Each c harac te r 

is l·inch high and is automatically di s· 
played on the bac k projection principle. 

The bas ic co mpon e nt s a re s ilicon con· 

trolled rec tifi e rs, and each is d es igned 
with a forbidd e n·cod e rejec tion. S hould 

an improper cod e be appli ed, a blank 
viewing screen is indi ca ted. Industrial 

Electronic Enginee rs, .Inc., 7720 Le mona 

Ave., Van Nuys, Calif. 91405. 
CIRCLE NO. 499 CIRCLE NO. 501 

THE 'EXTRA MARGIN' 

IS A LIFE SAVER 

Operating at 2 amps, 28 volts DC, you can get up to 30 percent more 
operating life by using Cook Electric's Micropoise relays. Why? It's the 
extra margin-5/ 1000 of an inch wider gap that means less wear on the 
contacts. 

Wider contact gaps and more wipe are made possible by direct linear 
motion-an engineering achievement that delivers to you the kind of 
efficiency that can save you dollars while adding a new measure of 
dependability in your relay installations. 

To complement the " extra-margin," the Micropoise relay eliminates all 
rotating parts, fragile glass bead inculators or overstressed spring members 
-a simple, efficient solenoid motion actuates the armature. 

Assembled and hermetically sealed in a sparkling white room facility, 
Micropoise relays bring you the ultimate in contact reliability, packaging 
density and minimum coil power requirements. 

Available in two, four, six and twelve pole double-throw configuration, 
the Micropoise line offers you precisely the right relay for any application 
demanding adherence to MIL-R-5757. 

Try Micropoise. We're sure you'll agree-it's a life saver. 

COOK ELECTRIC 
AUTOMATIC CONTROLS DIVISION 

2700 N. Southport Ave. • Chicago 60614 • Phone 312-348-6700 

REPRESENTATIVES' OFFICES · • Atlanta • Baltimore • Boston • Buffalo • Chicago • Cleveland • Dallas • Dayton • Denver • Huntsville 
Indianapolis • Los Angeles • Melbourne • New York • Philadelphia • Rochester • St. Louis • San Francisco • Schenectady , Seattle • Syracuse 

Circle No. 1 66 on Reader Service Card for more information. 
For immediate sales contact, 



DESIGN PRODUCTS 

Fluidics 

Flu idic-Amplifie r Valve, Model 2010, has a response 
tim e of 10 msec and meas ures 1.36 inches in dia 
by 1.55 inches long. It will operate f'rom signal 
pressure levels as low as 1-1 /2 inches wa ter 
column and as high as seve ral psi. The unit is a 
normall y closed, three-way va lve. A control 
signal on th e sensing diaphragm shut s off bleed 
air fl ow ing through a nozzle and traps press ure 
in a ca vity above th e upper power diaphragm. 
Thi s fo rces both power diaphragms downward, 
opening the load port to full lin e press ure and 
simult aneously closing the exhaust port. Re­
lease of the signal reverses the ac tion. Maximum 
flow is 30 cu ft/min at 100 psi, adequat e for oper­
ating ai r cylinders and motors direc tl y. lt is co n­
stru cted entirely of aluminum , except. for elas to­
meric part s, making it res istant to co ntam inant s 
comm onl y present in shop air systems. North­
east Engin ee ring, In c., 3013 Oi xwell Ave., Ham­
den, Co nn . 06518. CIRCLE NO. 502 

Sustained-Contact Flu idic Switch is designed for 
manuall y suppl ying input informa tion to a fluidi c 
control system. The switch, "hich is co mpl etely 
pneumatic and will operate from any standard 
regulated shop air suppl y. provides a continuous 
input signal to the control sys tem. It operates on 
th e back-pressure principl e, in which suppl y air 
is co ntinu all y fed to the switch. Wh en th e swit ch 
is in the OFF position , thi s air bl eeds to th e 
atmosphere. Turning the swit ch to the ON posi­
tion closes the bleed vents, forcing the suppl y 
air to back up and fl ow out of th e signal tube. 
Thi s new switch eliminates the fluidi c amplifi ers 
necessary for the flip-fl op circuit used in earlier 
imilar switching systems. Air consumption of 

the swit ch is extremely small , varying between 
1/2 and l cu ft per hour. Howie Corp., Fluidic 
Di v., obl e and Jackson Sts., Norristow n, Pa. 

For immediate sales contact, 

• Circle No. 841 . 

CIRCLE NO. 503 

• ACCURACY UP, RFI DOWN 
WITH GE'S NEW LOW-COST 
A-C POWER CONTROL 
MODULE 

"Zero-voltage switching" is the key. 
GE's new S200 synchronous switch 
power control provides much lower 
RFI levels than are possible with elec­
tromechanical thermostats or phase­
controlled semiconductors. And it has 
high accuracy with control point r e­
peatability better than ±0.5 % of 
sensor resistance. Keys to this high per­
formance are a monolithic integrated 
firing circuit and a Triac power control 
device. Its user need only provide 
power, a resistive load (such as a re­
sistance heater), a variable resistance 
sensor and a reference control resistor. 

Potential uses include any resistive 
load application where a-c power con­
trol is needed. S200 power control 
modules are available in ratings of 10 
and 15 amps RMS, at 120, 240 and 
227 volts RMS, 50 to 60 Hz, for control­
ling resistive loads up to 4150 W. 
Use with General Electric's new Man­
Made® diamond thermistor permits 
sensing and control of temperatures to 
450 C. Housing dimensions of the S200 
power control module are roughly 1 -fo 
by 2 Ys by 3 Ys inches. 

Circle Number 131 for full details on 
these new GE power control modules. 

• NEW ECONOMY 
POWER TRANSISTOR 

Thermal dissipation ..... 1.2W (free a ir) 
Beta holdup ........ . .... ... . to 500 mA 

It's GE's D28A. 
• PT ... . ... 1.2 Wat 25 C (ambient) 
• h ,,E . . .. .. 75- 225 and 

180- 540 at 2 mA, 4.5 V 
20 min . at 400 mA, 1 V 

• BVcEo· . .. 25 and 50 V 
• VcE cSAT)· - .0 .05 typical 

0 .3 V (max.) at Ic/18 = 

50 mA / 3 mA 
Other characteristics closely match 

those of the 2N3414-17. 
All of this comes in a low-cost plastic 

package with three in-line leads that 
can easily be formed to a T0-5 pin 
circle. Price: less than 30 ¢ in volume. 

Try D28A medium power silicon 
transistors for output stages in stereos 
and other phonographs, TV's, radios 
and other kinds of audio equipment. Or 
for oscillators, amplifiers, buffers and as 
d rivers for very high power amplifiers. 
Circle Number 132 on t he magazin e 
inquiry card. 

+ 
+ 

Standard unij unc tion 

+ 

-IE 

Complem entary un ijunct ion 

+ 

Introducing the Complementary UJT for Improved Stabil ity 
and Accuracy in Oscillator and Timer Circuits 

It's an ent irely new kind of un ij unc­
ti on cal led the OSK. General Elec­
tric 's OSK has superior temperature 
s ta bi lity and product uniformity 
through util ization of pla nar process­
ing techn iques. Its characteristics 
are like t hose of a standard unijunc­
tion . transistor except that the cur­
rents and voltages appl ied to it are 
of opposite polarity. 

With GE's OSK you can bui ld osci l­
lator and timer ci rcuits wi t h better 
t han O.So/o accuracy from -40 to 
+ 120C. Its intrins ic stand-off ratio 
( 71 ) is just O.SS-0.62 or ± 3%. You save 
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test costs by determ ining your best 
compensating resistor for tempera­
ture stabil ity at room temperature. 
And the OSK gives you a low .base 1 
to emitter voltage drop at high cur­
rent . .. permits generation of high 
output pu lses wit h low base-to-base 
voltages. . 

GE OSK's are priced at $4.64 in 
100-lot quant it ies. Take advantage 
of GE's contin uing UJT leadership 
and superior app lication help. OSK's 
a re ava il able for both mi litary and 
industria l uses. Circ le Number 133 
for more information. 

-.6 L---L---'-- -'---'---.__ _ _,__ _ _,_ __ ..._ _ _,_ _ __JL-J 

!4C 150 - 60 -40 -10 20 40 60 80 100 110 

Ambient tem pe rat ure in °C 
Frequency stabi l ity dem on strated by re laxation oscillator test c i rcui t (CUJT 
only subjected t o tem pe rature change.) --

These are just three more examples of 
GE's total electronic capability. For 
more information call your GE engi­
neer / salesman or distributor. Or write 
to Section 220-55, General Electric Com­
pany, Schenectady, New York. In Cana-

da: Canadian General Electric, 189 Duf­
ferin St., Toronto, Ont. Export: Electron­
ic Components Sales, IGE Export Divi­
sion , 159 Madison Ave., New York, N.Y., 
U.S.A. 

GENERAL. ELECTRIE 
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Telonic RF and Microwave Filters cover a long distance in terms of frequency 
(20 MHz to 12 GHz) and in terms of product line (tubular, cavity, and 
interdigital). *In fact, between a simple two-section tubular type and a 
resonant cavity model there are an infinite number of variations that can 
be ordered, virtually, off-the-shelf. 

Then , consider that your specifications are computer-engineered into the 

® ENGINEERING CO. 
A DIVI SION OF TELONIC INDUSTRIE S, i°NC. 

REPRESENTATIVES THROUGHOUT THE U.S. AND OVERSEAS . FACTORY OFFICES IN MAIDENHEAD, ENGLAND AND FRANKFURT. GE RMANY. 

Tubular Tubular Cavity 
Low Pass Filters Band Pass Fillers Band Pass Fillers 

lnterdigital 
Band Pass Filters 

Circle No. 1 70 on Reader Service Card for more information. 

152 D es ign Produ c t s 

filter's design to expedite delivery, and performance of every unit is guaran­
teed without reservation. 
Now you hardly need a second source. 

TYPICAL SPECIFICATIONS 
SERIES FREQUENCY RANGE BANDWIDTH 

Low Pass Tubular 30 MHz to 2750 MHz (Cut Off) 
TLP , TLA, TLC , TLR, TLS 

Band Pass Tubular 30 MHz to 2400 MHz'(Center) 1.5% to 60 % 
TBP, TBA, TBC 

Band Pass Cavity 30 MHz to 12000 MHz (Center) 0.1% to 3. 5% 
TSF, TCF, TCC, TCA , TCG , TCH , TCB 

Band Pass lnterdigital-TIF 1000 MHz lo 6000 MHz 3% to 60% 

Complete Guaranteed Specifications in Catalog C-101. Available on request. 

Tunable 
·Band Pass Fillers 

Tunable 
Wave Meters 

Microwave Rho-Meter VSWR 
Marker Generators Measuring Systems 

For immediate sales contact, circle No. 843. 

DESIGN PRODUCTS 

Knobs 

• 
Clamping Collet Knobs, Series Fl 12 , feature a clamp· 

tight collet assembly lo assure a reliable attach­
ment. Thi s allows a pe rfec t fit in any radial 
position without any prepara tion or machining of 
the s haft. ll a lso avo ids any shaft a bras ion of the 
se tscrew. Th e cap is removable a nd the set ­
sc rew is conven ie ntl y reached by a screwdriver 
or socket wrench. Se ries Fl 12 is currentl y avail­
able for s tand ard s haft s izes. Amperex Elec tron­
ic Corp., Component Div. , Hicksville, LI. , N.Y. 
11802. CIRCL E NO. 504 

Lamps and Lights 

Subminiature Indicator Lights, SIL Se ri es. are de­
s igned for high·densily d is pl ay on small co nsole 
pan els . Both inca ndesce nt and neo n lamps are 
availab le. In the neon version th e c urre nt limit ­
ing res is tor is housed with in th e lamp body. 
Body size is only 0.36 inc h in dia by 0.25 in ch 
long. It mounts from the rea r with a knu rl ed nut 
in a 1/4-i nc h hole on ce nt ers as close as 3/8 inc h. 
Le nses are offered in a c hoice of 13 colors. TEC­
LITE , Tran sistor Elec troni cs Co rp. , Box 6191 , 
Minn eapolis, Minn . 55424. 

CIRCL E NO. 505 

Indicator Light, Series 911 , is ava ila ble with eithe r 
incand escent or neo n midget lamps. A c hoice of 
cylin drical lenses, with or without internal dif. 
fusing rings and in a c hoice of six colors and 
clear colorless, is provided. Incand escent lamps 
may be supplied wit h vo lt ages from l. 35 lo 28v . 
with a 50,000- hou r life ra ti ng. Neon glow lamps 
may be supp lied for standard brightness or high 
brightness. Oialighl Corp., 60 Stewart Ave., 
Brooklyn, N. Y. 11237. CIRCLE NO. 506 

EON M ay 1967 



Loud Speakers 

I 

-

Controlled Impedance Speaker, Model 
S-11 , is s pec ifically designed for use 
wi th solid-state components. Th e S-11 
s peaker system incorpora tes a ca refully 
limit ed impedan ce range for operat ion 
with solid- state components which give 
optimum performance over a narrow 
ra nge of load impedance. Th e speaker 
sys te m measures 24 by 14 by 11-l/4 
inc hes. H. H. Scott, In c., Maynard , Mass. 
01 754. CIRCLE NO. 50 7 

Meters 
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Edge Panel Meters, Model s ll 24, l 125 
a nd 1126, are co mpac t special-purpose 
meters with self- shielded movin g-co il 
meter movements that elimina te mag­
ne tic interac tion be tween adjacent me­
ters. Model l 124 fea tures a " Lucit e" 
c rys tal and is id ea l for edge- lighted 
panel applications in aircraft in stalla­
tions. The 1125 and 1126 feature RF 
sh ielding and are partiularly useful for 
portable RF equipm ent. The sh ielding 
is acco mplis hed by a s pec ial case de­
s ign and capacitive fil te red terminals. 
All three models are ava ilable in either 
horizontal or vertical reading versions , 
with center zero or zero on e ither e nd of 
the scale. International In s truments, 
Inc., 8806 Marsh HiU Rd., Orange, Conn. 
06477. CIRCLE NO. 508 
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• High gain • Low level to Pout= 1/2 w T0-5 12 lead case 

• DC to 6MHz • Price $1.75 (1,000+) 
Here's a new answer to economics, packaging, and 

performance for a broad spectrum of audio and RF 

applications-RCA-CA3020, a multi-stage, multi­

purpose amplifier on a single monolithic silicon 

pellet. CA3020 is useful in portable and stationary 
sound systems; in military, industrial, and commer-

Specification Highlights 
• 58 db typical gain in audio applications 
• - 3 db bandwidth 25 Hz to 6 MHz (typ) 
• Operates with single power supply + 3 to + 9 VDC 

cial communications equipment; in servo-control 

systems and elsewhere. Available now for evalua­

tion-and production line use. Write for Technical 

Bulletin and Application Note to Commercial En­

gineering, Sec. ICF-5, RCA Electronic Compo­
nents and Devices, Harrison, New Jersey 07029. 

• Built-in temperature tracking with voltage regulator-stabilized operation over 
- 55°C to + 125°C range 

• Single-ended input at 40k0 (typ); push-pull differential input at 6000 (typ) 

• High maximum power output 550 mW (typ)@ Vee= + 9V 

• Push-pull output 
• Squelch flexibility-three methods for applying squelch 

ASK YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY 
RCA Electronic Components and Devices 8 2 The Most Trusted Name in Electronics Circle No. 1 71 on Reader Service Card for more information. 



Now Westinghouse has a 
pin-for-pin replacement for 
the industry-accepted TTL. 

But don't think of us QDJy 
as a second source. 
There's a very good reason why you should make 
West inghouse TTL your f i rst source. 

Because th is is the TTL l ine that is ava ilable now. 
It's a direct mechanical and elect rical replacement for the 

industry-accepted SUHL II . And all ci rcuits are available in 
industry-standard dual -in -line and f lat packages. 

They include : 6G260 Si ngle 8 -i nput NANO / NOR Gate , 
6G241 Dual 4- input NANO / NOR Gate , 6G221 Quadruple 
2-input NANO/NOR Gate, 6G210 Dual Expandable OR/ 
NAND Gate, 6G250 Quadruple Expandable OR/NAND 
Gate, 6G130 Dual 4-input Driver, 6G270 Dual OR 
Expander, 6F251 AND input JK Flip-Flop, 6F261 
OR input JK Flip -Flop . 

In fact, it makes good sense to make Westinghouse first choice for 
all your IC's . Because our goal is to help keep your products competitive 
now and into the 1970's. 

For evaluation quantities, contact your Westinghouse Electronic salesman . 
Or phone Westinghouse at (301) 796-3666 . Or write West i nghouse 
Molecular Electronics Division, Box 7377 , Elkridge, Maryland 21227 . 

You can be sure if it's Westingho~J,~ ® 
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Internally Illuminated Edge Meters, 
Series EMI-30, a re 1/2 inch thick, 2.9 
inches wid e, ex tend 3.5 inc hes beh ind th e 
pane l and have 2. 1-in ch sca les. Each me­
ter we ighs less than 6 oz and may be 
mount ed on 1/2- inc h ce nte rs. The mete r 
moveme nt is undamaged by acceleration 
shock as grea t as 240g. and continuous 
electrical ove rload (up to 500 ma) of 
10.000 percent fu ll- sca le. The meters 
can be suppli ed in almost any special 
configura tion including vertical. hori­
zontal a nd multip le scales. Park er In­
strumen t Corp ., 200 Harva rd Ave., Stam­
ford, Co nn. 06904. CIRCL E NO. 509 

New Frequency Meters and Wattmeters 
are compact, low-cos t and use taut­
band suspens ion. Dt>signed for panel 
mounting. th ese meters measure 3- 1/2 
and 4-l /2 in ches. The frequt>ncy meter 
has an t>x ternal transducer to measure 
a-c power frequency, with an accuracy 
of 2 percent of the frequen cy span. Th e 
transd ucer can be manually adjusted for 
th e high es t accuracy at normal fre­
quency. T he watt mete r also has an ex ter­
nal transducer to measure a-c watts. This 
has a 2 perce nt overa ll accuracy in s ingle­
ph asc. three-p hase three-wire, and three­
phase fo ur-wire un its at 5 a mps a nd 120v. 
Wes tinghouse Electr ic Corp., Relay­
l nstrum ent Div .. Box 868. P ittsburgh. Pa. 
15230. CIRCLE NO. 510 

Microwave Devices 

Air-Cooled Waveguide Loads operating 
over the UHF , L, S, C, X and K band s 
com bin e hi gh power handli ng with light 
we ight. llfod el LKuM l d iss ipates 25w 
average power and weighs 4.8 oz a nd 
Model LC HIOO handles 2000w of ave rage 
power and weighs on ly 3.6 lb. The new 
range consists of 21 loads. all available 
in fi nned or unfinned vers ions. Raytheon 
Co., Int erna tional Sales & Services, 
Lexington , Mass. 02173. 

CIRCLE NO. 511 

• Circle No. 1 72 on Reader Service 
·card for more information. 



Motors 

Miniature D-C Motors, th e 3ADM4, a re des igned for 
d-c and rec tifi ed a-c a ppli ca tion s from l .2 to 
18v. The speed/ torqu e c harac te ri s ti cs ca n be 
vari ed to fit pa rti c ula r needs fo r a pplica tions 
such as ba tt ery- powe red hou se wa res a nd ap­
plia nces, toys, home ent e rt a inm ent and photo­
graphic equipm ent and automotive accesso ri es. 
At 12v, the tin y 1-1/2-oz motor will develop up 
to 1/10 hp , with 35-40 thou sand rpm (no load 
speed), up to 10 oz- in of s ta rting torque a nd ef­
fi c ienc ies up to 55 pe rce nt. An a va il a ble option 
of th e new motor is replaceable brushes of 
optional co mposition. General Elec tri c Co., 
Appliance Cont rol Dept., Morri son, lll. 

CIRCLE NO. 512 

High Efficiency Brushless D-C Motor uses so lid­
s tate light emitte rs, de tec to rs a nd powe r s wit­
c hes to achie ve an e ffi c iency of 75 pe rcent and a 
speed of 5000 rpm in a s mall lOw motor. Ope ra t­
ing volt age is 28v d-c, weight is 2-1 /4 lb a nd the 
motor produ ces 2.7 oz-in of torqu e at 5000 rpm. 
The rotor is a perman ent magne t fi e ld a nd the 
s ta tor is the wound a rm ature. A shutter con­
trolling th e li ght s witc hes is a ttac hed to th e 
ro tor shaft. This shutter energi zes th e proper 
s tator winding and produ ces the sync hronized 
rotating fi eld requ ired for d-c motor ope ration. 
Under deve lopm ent a re motors expec ted lo 
operate at 85 perce nt e ffi c ie ncy at 30w outputs 
a nd 24,000 rpm . The Garre tt Corp ., AiResearcb 
Mfg. Div. , 9851 S epulveda Blvd ., Los Angeles, 
Cali f. CIRCLE NO. 513 

EJ·menl:!o SETTER QUALITY AND RELIABILITY THROUGH CONTROL 

Shown 2Y1 x Actual Size 

Capacitor Problems That Require A Lot Of 
Self-Control ... Chemically Speaking 
Problem 1: How to make sure the silver paste composition used for electrodes provides 
the best results for each el ec trical parameter in a given capacitor design? 

Problem 2: How to improve the recognized moisture rel iability of our dipped mica capaci­
tors without adverse ly affecting life reliability? 

Problem 3: How to upgrade the reliability of molded mica capacitors to equa l that of dipped 
mica capacitors so designers can take advantage of body uni formity and axia l lead design ? 

Solution: Chemical self-control!- To do this w e operate our own chemical manufacturing 
plant where we formu late si lver pastes, pheno li c dipping compounds, and epoxy moldin g 
compounds - all under strict controls. 

Result : Dipped mica capacitors and molded mica capacito rs of eq ual ly h igh reliability that 
operate up to 150°C. Send for technical li te rature and always insist on El-Menco brand ca­
pacitors ... your assurance of better quality and reliability through control. 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC, CONNECTICUT 06226 

Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimme rs & Padders 
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubular Paper 

Exclusive Supplier to Jobbers and Distributors 
in th e U. 5. and Canada: 
ARCO ELECTRONICS, INC., Community Dri ve. 
Great Neck , L. I. , New Yo rk 

W es t Co ast Manufacturers contact : 
COLLINS & HYDE CO., 900 N. San Ant onio Rd ., 
Los Altos, Ca l iforni a 94022 
1250 E. Artes ia Avenue, Long Beach. Californ ia 

Circle No. 173 on Reader Service Card for more information. 
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Terminals and Boards 

US ECO offers the most, the fastest. 
More than 800 standard terminal configurations in 
stock in a wide choice of finishes. Custom designs to 
your specifications. Add to this a full line of quality 
terminal boards and the fastest, surest delivery, and 
you see why it pays to try USECO first. Contact your 
USECO distributor, or : 13536 Saticoy St., Yan Nuys, 
California 9J409. (213) 873-3520 . 

. ~® 
VVVVVf Division of Litton industries rn 

Circle No. 174 o'n Reader Service 
Card for more information. 
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Optoelectronics 

Hermetically Sealed Photocells measuring less than 

1/4 inc h in dia are id eal for high·densil y photo­

conductor arrays. The cadmium sulfide cell s 
a re sealed in a metal-glass , T0-18 hou si ng, 

l /8 inch high and 7/32 inc h in di a. They a re 
rated for 50-mw po wer di ss ipat ion and are avail­
able in light/ res is tance ratings rangin g from 
3000 to 125,000 oh ms at 2 ft-ca nd les, with a 
dark/ light res is tan ce ra ti o of JOO:l. Sylva ni a 
Elec tri c Produc ts, lnc., 730 Third Ave., New 
York , N.Y. 1001 7 CIRCLE NO. 514 

Oscillators 

Miniature Crystal Oscillators, Series J , a re id eal 
for printed-circu it boa rd appl ica ti ons and also 
for driving RTL, DTL and T"L integra te d logic. 
Frequ e ncy tolerance is ± 0.005 pe rcent from 

- 20 to 60C in frequency ranges of 4 lo 50 MHz, 
and typical ou tput voltages a re 3 lo 6v peak. 
D imen sions a re 1-1/2 by 1-1 /2 by 1/2 inch. 
Numero us frequ e nc ies a re ava ilable from s tock. 
Accu lron ics, Inc., 12 S. Is land Ave., Batav ia , 

JU. 60510. CIRCLE NO. 515 

Meet The 
"Short" T-1 • • • 

especially designed 

for EDGE 
LIGHTING! 

For visib ility and legibility without eye 
strain, the edge lighted instrument panel 
is unsurpassed, especially under adverse 
ambient light conditions . 

The T-1 incandescent lamp, developed 
by Chicago Miniature, has proved an effec­
tive light source for edge lighting. To make 
it even more suitable for this app lication, 
Chicago Miniature has developed the 
"Short" T-1-only .145" max . overall length. 

With "Shorty", thinner instrument panels 
and more compact packaging are now pos­
sible-another example of how Chicago 
Miniature designs its lamps " to meet the 
need ." 

For complete information, write for 
Catalog No. CMT-2 . 

4433 Ravenswood Ave., Chicago, Illinois 60640 

Circle No. 175 on Reader Service 
Card for more information. 
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Integrated-Circuit Oscillator Module, " ICOM", 
gives ± 0.0002 percent frequency stability at 
450-MHz operation. This conform s with the 
new technical standard s set by th e FCC for 
channel width in the 450-MHz band. Stabili ty is 
ac hieved in stantly, without warm-up, and is 
maintained over a temperature range from -31 
to 140F. The unit weighs less than 1/2 oz, oc­
cupies less than 1/2 cu in and consists of an 
integrated-circuit crys tal osc illa tor, a channel 
guard tone modulator, a voltage regulator and a 
compensa tion circuit. General Elec tric Com­
munication P roducts Dept. , Box 4197 , Lynch­
burg. Va. CIRCLE NO. 5 16 

Paints 

Ultrahigh-Temperature Paint, composed entirely of 
ceramic compounds and rare earth ma terials, 
will protec t a variety of ma terials from - 100 Lo 
4400F. These paints produce an ex tremely hard , 
abras ion-res istant surface of very low porosity. 
They are water based and may be spray applied. 
Indu strial Infra-Red , Inc., 157 Dayton Way, 
Sharon , Pa. 16146. CIRCLE NO. 51 7 

Only IRC offers so many types to choose from 
... plus unmatched quality, price and delivery 

IRC offers the industry's largest selec­
tion of medium current rectifiers. Satisfy 
all your MIL and industrial needs from 
one source. Choose from over 150 dif­
ferent JEDEC types-ratings from 1.5 
to 35 amps, to 1500 PIV. 

IRC's exclusive construction features 
mean superior quality and more depend­
able performance, as well as substantial 
cost savings. Electrical features include: 

chemically contoured junctions for guar­
anteed bulk avalanching, uniform for­
ward characteristics and lowest reverse 
leakage. Mechanically, the cap header 
tube is pre-crimped and brazed to pre­
vent leaks. The base, of highest torque 
copper, has a cold headed weld to elim­
inate leaks between the projection and 
the stud. The entire unit has a bright 
nickel finish that resists corrosion . 

MIL TYPES 

RATING SERIES MIL 

0.3A, 1500V 1N1130, 1131 MI L-S-19500 /259A 

12A 1 N1200A-1206A MI L-S-19500 /260A 

35A 1N1184-1190 MIL-S-19500/297 

For data and prices on all I RC rectifiers, write to: IRC, Inc., Semiconductor Division 
(formerly North American Electronics), 71 Linden Street, West Lynn, Mass. 01905. 

AND ALSO ... 
HIGH CURRENT 
RECTIFIERS 
•All "1 N" types. 

Forward or 
reverse polarity. 

• 100 to 275 amps , 
to 1400 PIV 

• 200°C junction 
capability 

• Fatigue-free 
construction 

• Metal-ceramic 
hermetic seal 

• Highest torque 
copper stud 

Rewarding career opportunities 
are immediately available. 

Circle No. 1 76 on Reader Service Card for more information. For immediate sales contact, circle No. 845. 



Only Sylvania offers you a special design 
engineering group for special purpose lamps. 

We make sure you get the flashtube you need. 

When your design calls for a flashtube, what 
are you looking for? More light? Longer life? 
More compact package? Get just what you 
need from Sylvania. We're the company that's 
geared to design the flash tube 
you want. We have a special 
design group-just for special 
purpose lamps. 

Custom design service is 
just one reason for specifying 
Sylvania. You also get top 
product quality-and ad­
vanced applications experi­
ence. Sylvania is the only one 
that gives you all three. We're 
the only company organized 
to treat special purpose lamps 
as a separate design function. 

We offer a broad line of these lamps. For 
applications ranging from high-speed oscillo­
graphs to microfilm printers. From strobo­
scopes to facsimile equipment. 

And we're noted for new 
ideas. They've made us a lead­
er in industrial and commer­
cial lighting. And the same 
spirit of innovation backs our 
business in special purpose 
lamps. 

It'll pay you to take advan­
tage of this. 

For more information, con­
tact Sylvania Electric Prod­
ucts Inc., Special Purpose 
Lamps, 60 Boston Street, 
Salem, Massachusetts 01970. 

Sylvania: where new ideas are brought to light 

Circle No. 1 77 on Reader Service Card for more information. 
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Photoelectric Devices 

- . 
Photorelays, Series 8 , comprise a comple te line of 

int egral and remote photoelec tri c systems for 
ligh t-beam con trol of moving objects. Th ey are 
ideal for mecha nizing or aut omating: such func­
t ions as mate ri a ls handling, packaging, produc­
tion or process ing. Opera tion is a t 600 or 1200 
Limes a minute over ranges from below 12 inches 
to 25 ft. Th e high-speed mod els a re capable of 
swi tc hing 5-amp res is tive loads 1200 lim es a 
minute al 28v d-c/ll5v a-c, or 2.5 a mps at 230v 
a-c. General-purpose types switch 10-amp rP­
s ist ive loads at 28v d-c/115v a-c, or 5 amps at 
230v a-c, and opera te 600 tim es per minut e. 
Receivers provide SPOT or DPDT contact ar­
rangements, ope rat ion from I .15 or 230v a-c. 
60 Hz. Two solid-state amplifiers are offered 
with the re mot e sys tems. One provides a 50-
msec to 20-sec tim e delay and has a mec hanical 
life of 10 milli on operat ions. S igma Instrum ents, 
In c., 170 P ea rl St., Braintree, Mass. 02185. 

CIRCLE NO. 518 

Potentiometers 

Precision Trimmer Potentiometers, Models 1185, 
I 285 and 2185, are interc ha ngeable with ex­
is ting similar T-Pots, and feature go ld-plated 
brass s pad e-type te rminal s for s impl e and re­
li able solde ring. Th e 1/4- inc h threaded lead 
screw sha ft pe rmits a varie ty of panel and out­

sid e-accessible in stallations. Model l l85 has a 
power rating of l w and a res is tance range of 
10 ohms to 100 kilohm s with ± JO percent tole r­
a nce. Model 1285 is a lw , JO ohm s to 100 
kiiohms, ±5 pe rcent tolerance, humidityproof 
trimm er for milit ary applica tions. Model 2185 
is a comme rcial version a nd has a resistance 
range of JO ohm s to 100 kilohm s, ± 10 percent 
tolerance and a power rating of I w. Dale Elec­
tronics, lnc. , Box 488, Columbu s, Ne b. 

CIRCLE NO. 519 



Power Controls 

Solid-State Power-Control Unit, FPC-1, 
can control up to l 200w at 240v 60 Hz. 
Applications include phase control , 
temperature control, lam p dimming, 
d-c power or motor control , se rvomotor 
drive, mac hine control and welding con­
trol. A 400-Hz model is ava ilable for 
a ircraft ap plications. Eithe r parallel or 
se ri es control can be provided. The unit 
weighs less tha n 5- J/2 qz a nd is only 
2-1/4 inc hes in dia. Fairc hild Controls, 
225 Park Ave., Hicksvill e, L.I. , N. Y. 
11802. CIRCLE NO. 520 

Power Supplies 

Miniature Power Supply, Model PHU, 
develops 40w output at 60 or 400 Hz from 
an input voltage of J 15v, 50 to 500 Hz. 
The unit occupi es only 21 cu in and uses 
the principle of high-frequen cy inversion 
direc tl y from rec tifi ed lin e voltage to 
achieve a high power-to-size ra tio. The 
output is electrically isolated from the 
input , and output voltages range from 
2 to 5000v d-c. Each volt age se lec ted is 
adjustable from +5 to - 40 percent. Line 
regulation is 0.015 perce nt/volt , load 
regulation is approximately 1 percent 
and ripple is approximately 1 /2 percent. 
Arnold Magnetics Corp., 6050 W. J ef­
ferson Blvd., Los Angeles, Calif. 90016. 

CIRCLE NO. 521 
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INPUT OUTPUT 

0 "ti "ti 
-< > > 

"' z ::0 "' ::0 "' NUMBER NUMBER -i > FR~UENCY NUMBER > ,.,, > ,.,, 
MEM # > :s: r- ::0 r- ::0 Of OF POWER -i LOW HIGH OF BITS r- r-

n n ,.,, > ,.,, > CLOCKS SUPPLIES r- r- r- r-

3005 SP x DC l .OMHz 5 x x 2 2 

3005 pp x DC l.OMHz 5 x x 2 2 

3008 PS x DC l.OMHz 8 x x 2 2 

3012 SP x DC lOOkHz 12 x x 1 1 

3016-2 x DC l.OMHz 32 x x 2 2 
(16, 16) 

3016-20 x lOkHz 3.0MHz 32 x x 2 l ~· 
(16, 16) 

3020 x DC 1.0MHz 20 x x 2 2 

3021 x DC 500kHz 21 x x 1 1 
(l . 4 , 16) 

3021 B x DC 250kHz 21 x x 1 1 
( l , 4 , 16) 

3050 x lOkHz 500kHz 50 
(25, 25) 

x x 2 l * 

3064 x lOkHz 5.0MHz 64 x x 4 NONE 

" required for output circuit only 

And only General Instrument devices incorpo­
rate the exclusive MTOSt process which pro­
vides Large Scale Integration (without the need 
for high-cost discretionary wiring) in the only 
broad line of shift registers available anywhere. 

t i\leta l-Thick-Oxide-Si licon 

;111tl 1.411 111e;111s ••• 
IO\\Ter cost: Low initial device cost plus elimination of most printed circuit 
boards, assembly labor and external wiring. 

lli!)ller reliabilif\•: External connections are minimized, eliminating a 
major fai lure mechanism in electronic systems. 

No matter what your design requirement~. 
chances are you' ll find the shift register you need 
in General Instrument's broad line, at author­
ized GI distributors now. If you don't, contact us. 
Our line is being broadened regularly. 
Write for complete data and Application Notes, 
"MTOS Shift Registers." 

GENERAL INSTRUMENT CORPORATION 

800 WEST .JOHN STREET, H IC KSVILLE, L I., NEW YORK 
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High-Current Relay , Model LA57 , is a plug-in, DPDT 
double- brea k rela y des igned fo r ex tre mely high 
in-rus h curren t app li cation s such as the con­
tinuou s s witching of tungs ten lamp loads. Th e 
re la y is capable of handling 15-amp tungste n 
lamp loads as well as res is tive loads up to 50 
amps al 120v a-c. It features a plunger-type 
solenoid that s upplies a high contac t force of 
a t leas t 50 gm. It meas ures only 3- 1/4 by J-5/8 
by 2-l/4 inches and is s imply and ruggedl y con­
s tructed. Tes ts indica te a minimum life of two­
million ope ration s under it s fully rat ed 15-a mp 
tungsten lamp load. Eagle S ignal Div. , E. W. 
Bliss Co., 736 Federal St., Davenport , Iowa. 

CIRCLE NO. 522 

Resistance Standards 

Transportable Resistance Standards, Models SRl04 
a nd SR105, are des ign ed for bench use a nd oil ­
bath operat ion, respec ti vely. Model SRJ04 con­
sis ts of a resi s ti ve ele me nt and a n inte rnal 
temperature sensor and provides a JO-kilohm 
s tarting point for res is tan ce m easure me nts. 
Model SR105 is s imilar but has a 100-ohm re­
sis tance s tandard . The l 0-ki lohm base va lu e 
offers several advantages. It is an eve n four 
decades away from l ohm and l 00 megohm s, 
and by us ing the lOO:l tran sfer tec hniqu e, all 
res istance values in thi s range can be accurately 
es tabli s hed within several part s pe r million 
re lative to thi s s ingle JO-kilohm standard. El ec­
tro Sc ientifi c Indu stri es, Inc., 13900 N.W. 
Scie nce Park Dr. , Portland, Ore. 97229. 

CIRCLE NO. 523 

Resistors 

Precision Wirewound Power Resistors, Series PR 
and LA , are for both military and comm e rc ial 
app licat ions. Series PR power res is tor is avai l­
ab le in 7 RWR styles and JS comm ercial s tyles 
with ratings be tween 1 and l Sw. Series LA is a 
general-purpose power res is tor ava ilab le in 6 
RW sty les and 15 co mm ercial s tyles with rat ings 
from l lo l8w. Shallcross Mfg. Co., Pres ton S t. , 
Selm a, N.C. 27576. CIRCLE NO. 524 

Need 
high-flown 
data on, say, 
a one-man 
chopper 
in action? 

/i, 

Lockheed's 28-lb. 
417 recorder 
goes and gets it. 
You can 't top the 417's portability. 
Carry it almost anywh ere with one 
hand. Any comparable recorder scales 
at least 50 lbs. more. And accuracy? 
The 417 matches even large rack 
machines. 
Durability is another advantage. The 
417's dual capstan transport provides 
precision operation under vibration 
and in any position. 
The 417 operates from its internal 
battery or from 110/220 volts AC with 
power consumpt ion as low as 10 
watts . Frequency response is lOOkc 
direct, lOkc FM . And it comes in a 
neat 14" x 15" x 6" package-small 
enough to fit under an airplane seat. 
The price is compact, too. Starting at 
$7,000. 
Next time you're in a spin for data, 
remember the lightweight 417. For 
more information, write Dept. EDN-5, 
Edison, New Jersey. 

LOCKHEED 
LOCKHEED ELECTRONICS COMPANY 
A Div ision of Lockheed Aircraft Corporati on 

Circle No. 1 82 on Reader-Service 
Card for more information. 



Signal Processers 

Signal Processer, Model DCA8-2, gives 
high performance conditioning of low­
level signal sources such as stain gages, 
resistance temperature transducers and 
thermocouples. An isolated internal 
power supply is provided for transducer 
excitation. The unit weighs only 5 oz and 
has a data output of 0 to 5v d-c. Grant 
Electronics, 2017 Glendon Ave., Los 
Angeles, Calif. 90025. 

CIRCLE NO. 52 5 

Sil icones 

High-Loss Silicone Sheet, "Eccosorb" 
GOS, is a f1exible si licone-rubber ma­
terial that prevents the f1ow of micro­
wave energy. It is ideal for reducing 
backscatter or reflectivity of metal stru c­
tures. It al so can be draped over objects 
to alter ref1ectivity characteri stics and 
can be used to modify radiation patterns 
of an tennas such as dishes, horn s and 
elements. It is impervious to moisture 
an d can withstand temperatures up to 

400F. It can be easily cu t and thu s has 
important applications as a gasket ma­
terial providing both a microwave energy 
seal and a hermetic seal. Microwave 
Products Di v., Emerson & Cuming, Inc., 
Canton, Mass. 02021. 

CIRCL E NO. 526 

Sockets 

Test Socket, available in 3, 4, 6, 8, 10 and 
12 contact arrangements, provides rapid 
testing of integrated ci rcuits and transis­
tors in T0-5 cases. The wiping gol d­
plated contacts are said to assure low 
contact resistance, even after 100,000 
insertion s. The " Teflon " body is de­
signed for low cos t and operating temper­
atures up to "150C. Au gat, Inc., 33 Perry 
Ave., Attleboro, Mass. 

CIRCLE NO. 527 

Switches 

Miniature Rotary Switches, Series 100, 
are completely enclosed to guard against 
exposure, contamination and production 
damage. Intermixed shorting and non­
shorting arrangements are available, on 
single sections and between sections. 
Additional featu res include spacers, 
intersection shields, dual concentric 
switches wi th attached line switches or 
potentiometers, binary coded and high­
voltage switches. Stackpole Carbon Co., 
Electro-Mechanical Products Div., St. 
Marys, Pa. 15857. CIRCLE NO. 528 

Circle No. 180 on Reader-Service Card.• 
For immediate sales contact, 

'Circle No • . 84 7. • 

Look beyond the JEDEC number. Test 
transistors competitively. Like many of 
our customers, you ' ll find that Westing­
house transistors deliver performance 
bonuses . .. and at competitive prices. 
Peak Power Handling. For example, a 
manufacturer of hi-fi amplifiers needed 
transistors that could take the peak 
power pulses generated by a carelessly­
dropped pickup arm. He tested plenty of 
2N3055's and chose the Westinghouse 
product. It solved his problem best. I ~ 
also offered the exclusive Westinghouse 
Lifetime Guarantee. 
Westinghouse 2N3055 Series transistors 
feature DC power dissipation ratings to 
117 W., VcE from 55 to 140 V., gain from 
18 at 3 A. to 20 at 4 A. 
Cool-Running Reliability. A sonar manu­
facturer needed ki lowatts of power out­
put with tight Navy performance and 

Westinghouse 
6 to 30 amp transistors 
keep everything 
from hi-fi to sonar 

tjti¥ to 
""'" 

reliab i lity specifications. His solution: 
Westinghouse's 2N2757 Series Lifet ime 
Guaranteed transistors . 
Their low saturation voltage (typical 0.4 
V. @ 10 A.), and low thermal impedance 
(0.5 ° C. per W.) , insure cool running. 
This, plus demonstrated freedom from 
second breakdown, makes them ideal for 
repetitive switching into inductive loads. 
Perfect for inverters and regulators as 
well as sonar amplifiers. 
Westinghouse 2N2757 Series transistors 
feature 250 watt power dissipation capa­
bility, VcE from 50 to 250 V., gain from 
10 at 10 A. to 10 at 25A. 
Broad Line. Between these extremes, 
West inghouse has a complete transistor 
line ranging from military types to plas­
tic-case types. And most have the unique 
Westinghouse Lifetime Guarantee identi­
fied by this symbol el- on the case. 

Send for our Semiconductor Condensed 
Catalog now. Meet the transistors, rec­
tif iers, and thyristors for now and 1970. 
Call your Westinghouse distributor. Or 
write Westinghouse Semiconductor 
Division, Youngwood , Pa . 15697. 

....t.. Westinghouse warra nts to the or ig ina l 
T purchaser that it will correct any defects 

in workmansh ip, by repair or repl acement 
f .o.b . fa ctory, for any si li con power sem icon­
ductor bearing this symbo l + during the l ife 
of the equipment in which it is originally in­
stalled, provided sa id device is used within 
manufacturer's publi shed ratings and applied 
in acco rdance with g ood eng ineering practice. 
The foregoing w arranty is exc lusive and in lieu 
of a ll other w arranties of qual ity whether writ­
ten, oral, or impl ied (includ i ng any warranty of 
merchantability or fitness for purpose). 

You can be sure fVj\ 
if it's Westingh~~~~ \.!:±) 





another dimension in engineering communications . .. 

EON ANNOUNCES ITS FIRST 
MAGAZINE 

ELECTRONIC EXHIBIT TOUR TO 
54 CITIES ... JULY 10 TO NOV. 3 
EON 'hits the road' in a modern version of the trade show in which exhibits are taken to the engineer 

via mobile display vans. Through a series of local shows, the EON Caravan brings operating equipment 

and manufacturer's representatives to the engineer's doorstep. In a matter of minutes, several vendors 

can be reviewed for latest product developments. Engineering groups can visit exhibits where operating 

problems can be simulated and questions answered. On-site locations make it easy and convenient for 

engineers to attend showing of the newest electronic products. 

SOME OF THE FIRMS EXHIBITING: THE CARAVAN IS SCHEDULED TO VISIT THESE CITIES: 

BABCOCK RELAYS 

BECKMAN HELIPOT 

ERIE TECHNOLOGICAL 

HUGHES WELDERS 

MASTER SPECIALTIES 

VSMF MICROFILM FILE 

LOS ANGELES 
ORANGE COUNTY 
SAN DIEGO 
PHOENIX 
WHITE SANOS 
HOLLAMAN 
ALBUQUERQUE 
FT. WORTH 
DALLAS 

HOUSTON BALTIMORE 
NEW ORLEANS PHILADELPHIA 
EGLIN A.F.B. FT, MONMOUTH 
PALM BEACH NEWARK 
CAPE KENN EDY LONG ISLAND 
ORLANDO POUGHKEEPSIE 
HUNTSVILLE NORWALK 
ATLANTA HARTFORD 
WASHINGTON. O.C. BOSTON 

FOR INFORMATION ON WHERE AND WHEN THE 
E 0 N ELECTRONIC CARAVAN EXHIBIT WILL BE 
IN YOUR AREA, CIRCLE READER SERVICE NO. L65 
l7K'J DENVER DIVISION 

ALBANY CHICAGO SACRAMENTO 
ROME-UTICA MILWAUKEE LIVERMORE 
SYRACUSE ST. PAUL OAKLAND 
ROCHESTER CEDAR RAPIDS PALO ALTO 
BUFFALO ST. LOUIS VANDENBERG 
CLEVELAND DENVER SANTA BARBARA 
COLUMBUS SALT LAKE CITY EDWARDS A.F.B. 
DAYTON SEATTLE POMONA 
INOIANAPOLIS PORTLAND PASADENA 

EON 
THE 

ELECTRONIC ENGINEER'S 

DESIGN 

MAGAZINE 

CTJ CAHNERS PUBLISHING CO., 3375 SO. BANNOCK ST.. ENGLEWOOD, COLORADO 80110 



DESIGN PRODUCTS 

" Mylar"-Re info rced Opaque Perforato r Tape for 
photoelec tri c and elec trom echanical readers is 
now avai labl e in thicknesses from 0.0043 to 
0.0015 inc h. An exclu sive laminatin g process 
gives the tape exceptional stre ngth and di­
me nsional stabilit y. It is ava ilable in 11/16-. 
7/8- and I-inch widths in a full range of s ta ndard 
colors. and includes paper/"'Mylar"/paper, 
··M ylar .. /fo il /"Mylar .. a nd metalized "Myla r" 
combinati ons. Free sam ple rolls for tes ting pur­
poses are ava ilable. Arvey Corp., 3500 N. Kim· 
ba ll Ave., C hi cago, 111. 60618. 

CIRCLE NO .. 529 

Temperature Controls 

Temperature Control , Model 1200, is ideal for ovens, 
baths, transport refrige ration , environmental 
tes t chambers and liquid nit rogen. It fea· 
lures a full 12-inch scale and a wid e choice of 
ranges within - 180 and 1000 degrees Fahrenh eit 
or centigrade. Othe r fea tures include s ingle or 
dual switches (SPDT 15 amps), manual rese t or 
high- or low-limit opera tions. United Elec tri c 
Cont rols Co .. 85 School St. . Wate rtown , Mass. 
02172. CIRCLE NO. 530 

Temperature 
Measuring Controls 

Proportional Temperature Controllers are entirely 
solid· state , including the power modul e, and 
are capabl e of handling power outputs as high 
as 300 kw in single-phase or 3-phase. Standard 
operating voltages are 115, 230 or 480v, and th e 
te mperature range may be as high as 2000F. 
Easy to read and inte rpret, th e indicator is of 
the go/no-go type, providing a clear visual 
warning whenever the te mpera ture deviates 
from a set point. Panel area required is 3-3/4 by 
5-l/2 inches. Harrel, Inc., 16 Fitc h St. , East 
Norwalk , Conn. 06855. CIRCLE NO. 531 

You need only half the space to get 
low, constant contact resistance 

... the new subminiature 
Mercury-Wetted Contact Relay 

for PCB Mounting 
j --YHGM 

HGSM 

Actual Size 
19/i&" long 17hz" wide .400" high 

" ee 
ee 
98 

greater switching density than ever before 
possible with mercury-wetted contacts 

Here's why you'll specify 

CLARE TYPE HGSR 

*SENSITIVE 
2 0 mw bi-stable, 40mw single side stable 

*HIGH SPEED 
1.0 ms nominal operate time at max coil power 

*LONG LIFE 
More than 20 x 109 operations at rated load 

*LOW, CONSTANT CONTACT RESISTANCE 
20 milliohms max contact circuit resistance 
... stable within ±2 milliohms oiler relay life 

* POSITIVE ON-OFF SWITCHING 
No contact bounce, minimum contact noise generation 

* CHOICE OF CONTACTS 
Form C or Form D 
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the sensitivity, long life, and 
of mercury-wetted contact relays 

e 

Now you can design around the same con­
sistent and dependable characteristics pro­
vided by the CLARE Type HGSM Relay 
- in half the size! That means you can fit 
the Type HGSR into modern electronic sys­
tems, getting mercury-wetted contact relay 
action on printed circuit boards. 
The Type HGSR will give you complete 
freedom from contact bounce and chatter, 
with input-output isolation and high speed 
which qualify it as an excellent input buffer 
to solid state circuitry. Or, if you need high 
power gain as an output device from solid 
state systems, the Type HGSR will give you 
gain up to 5000. 
As scanner contacts in checkout systems, 

the Type HGSR can withstand hi-pot volt­
age of 1000 vac, with 1500 vac offered on 
special-order. Constant contact resistance 
(within ± 2 milliohms of initial value over 
20-billion operation life) is extremely impor­
tant in critical measuring circuits. For tape 
transport read-write head switching, t he 
Type HGSR offers the remarkable combina­
tion of high speed and low contact noise 
generation without false signaling due t o 
contact bounce or chatter. 

Get the full story on the Clare Type HGSR, 
and you'll discover new opportunities for 
high-reliability circuits, handling low level 
to 100 va, ac or de, for over 20 billion opera­
tions without derating. 

CHOOSE THE PCB RELAY YOU NEED FROM CLARE'S COMPLETE LINE 

Dimensions 
(lxwxh) 

Contacts (Note 1) 
Action ( spdt) 

Ratings 
Switched load (max) 

Carry load (max) 

Inrush load (avg) 
10 ms 
10 sec 

100 sec 

Circuit resistance (max) 
(Note 2) 

Operating voltage 

Operate time 
(nom) at max 

coil power 

Sensitivity 
Bi-stable 

Single Side Stable 

NOTES: 

1 Form D 1 Form C 

2 amp, 500 v, 100 va 

5 amp, not switched 

20 amp 
4amp 
2amp 

20 milliohms 

1 Form D 

21/is" x Ya" x .625" 

1 Form C 1&2 Form D 1&2 Form C 

2 amp, 500 v, 100 va 

5 amp, not switched 

20 amp 
4amp 
2amp 

20 milliohms 

1&2 Form D 

5 amp, 500 v, 
250 va 

10 amp, 
not switched 

50 amp 
IO amp 
5amp 

35 milliohms 

Variation less than ± 2 milliohms from initial value over 20 x 109 operations 
(Independent of current or voltage) 

Up to 90 vdc Up to 90 vdc Up to 90 vdc 

1.2 ms single side stable As low as 
1.0 ms 1.0 ms 1.0 ms bi-stable 2.4 ms 

(Note3) (Note 3) 

20 mw either winding of 20 mw either winding of 25 mw 
double wound coil double wound coil (Note 3) tis low as 

550 mw 
40 mw single wound coil , 40 mw single wound coil, 115 mw (Note 3) 

80 mw either winding 80 mw either winding (Note3) 
of double wound coil of double wound coil 

I. Except for very light loads such as thermocouples and strain gauges, contacts must be 
protected by a resistor-capacitor suppression circuit. 

2. Measured at 6 vdc, JOO ma. 
3. Depending on number of contacts. 

Clare also offers 
Mercury-Wetted 
Contact Relays for 
wired assemblies-... 
as well as in printed 
circuit board 
assemblies, combined 
with other components 
mounted on pcb's 
supplied by Clare or 
c ustomer. See Clare 
M<!nual 201 D. 

e 
e 

For c omplete data. 
write Group 588 
C. P. CLARE & CO. 
3 101 Pratt Boulevard 
Chicago, Illinois 60645 

relays and related control components 

Circle No. 1 84 on Reader Service Card for more information. For immediate sales contact, Circle No. 844. 

DESIGN PRODUCTS 

Timers 

Portable Laboratory Stop Clocks, Mod e ls K15l40 

a nd Kl5150, ca n be s tart ed , sto pped o r rese t b y 

the front-mounted . three-pos iti o n rocker switc h 

or by a 6-ft re mo te con trol cable. A 3-amp tim ed 

co nvenience outl e t pe rmits outside c irc uit s to be 

co ntroll ed and tim ed s imultan eous ly. Mode l 

Kl 5 140 is ca librated in seconds and hundredth s, 

has an inn e r sca le of 0-60 sec and a sweep scal e 

o f' 0-1 sec. Accuracy is ±20 msec pe r operation. 

Model Kl51 50 is ca librat ed in minut es and 

hundredth s . Inne r scale registe rs 0-60 minute s 

a nd th e s weep scale, 0-1 minute. Accuracy is 

± 0.005 minutes pe r operat ion. On eac h time r 

th e inn e r hand is re d and th e weep hand is 

bl ac k. El ec tri ca l require m en ts a re I I 5v a-c , 

60 Hz. M ax imum po we r is o nl y 3w (rese t), 0.5w 

timing , a nd rese t tim e is 3 sec maximum. A. W. 
Haydon Co., 232 N. Elm St., W a te rbury, Conn. 

06720. CIRCLE NO. 532 

Transformers 

Ultraminiature Transistor Transformers, DO-T200 

Seri es, are designed for printe d-c irc uit a ppli ca­

tion s and have the followin g e lec tri ca l para­

m e te rs: primary impedance 1000 to 200,000 

ohms; d- c in primary 0 to 3 ma; secondary im­

pedan ce 50 to 12,000 ohms; primary res is ta nce 

115 to 8500 ohms, and operating level 25 to 100 

mw. The DO-T200 Series have a max imum di a­

m e te r of 0 .35 in c h and a max imum he ight of 
9/16 in c h. The leads are 7/8 inc h lo ng and con­

form to the te rmination pattern of th e T0-5 

cased semico nduc to rs and micrologic e le me nt s. 

Special modifi ca ti ons to c us tome r require­

m e nts are ava ilabl e. Unite d Tra nsfo rm e r Co., 

150 Vari c k St., New York , N.Y. 1001 3. 

CIRCLE NO. 533 

Tubes 

Tetrode Power Tubes, Mode ls 8679 and 8744, are d e­

s igned for low d is tortio n linea r ampl ifi ers for 

c lass AB , s ing le s id e band se rvice. Both tubes 

are o f cerami c and m e tal conica l co ns truc ti o n , 

forced-air cooled , a nd feature high lin earit y a nd 

minimum inte rmodulation di s to rtion. Th e con­

ical cons truc ti o n provid es hi g h m echani ca l 

s tre ngth , low indu c tance e lec trode co nn ec tion s 

and low th e rmal res is tan ce pa ths for e lec trod e 

cooling. The 8679 has an oxide coa te d ca thode 

and is capable of di ss ipating 4 kw ; the 8744 has 

a thoriated tungs te n c athod e a nd di ss ipates 

10 kw. Plate vo lt ages are 5000 a nd 6000v, re­

s pec tively. Ampe rex Elec troni c Corp ., Tube 

Div., Hic ks vill e, L.I., N.Y. 11802. 

CIRCLE NO. 534 



saves 
SPACE 

saves 
COSTS* 

SPECIFICATI ONS 

1N 2482 IN 24831 N2484 
E2 E4 E6 E8 ElO 

MAX . PEAK INVERSE VOLTAGE 200 400 600 800 1000 

MIN . AVALANCHE VOLTAGE 
@ 200 MICROAMPS DC 0220 440 660 880 1100 

MAX . RMSINPUTVOLTAGE 140 ' 280 ' 420 ' 560 ' 700 ' 

AVG. RECTIFIER CURRENT @ 55°C AMBIENT 1.0 Am ps. 

RECTIFIER VOLTAGE DROP @ 1.0 AMP. 
@ 25°C AMBIENT 1.1 voe. MAX . 

MAX . PEAK ONE CYCLE SURGE CURRENT 
(NON -RECURRENT ) 70 Amp . 

MAX . INSTANTANEOUS REVERSE POWER 
DISSIPATION .02 W Sec. 

' 60 CPS, Resis tive or Inductive Load 

*Less than 20c (200-600 PIV) in 10,000 quantities 

Circle No. 1 85 on Reader Service Card for more information; 

miniature 

Tarzian Avalanche 
1 Amp Silicone Cased 
Silicon Rectifiers 
These new miniature Series "E" 1 amp rectifiers m easure 
only )i" long and .Ys" in diameter. They can replace glass 
or metal cased devices at substantial cost savings. Excel- · 
lent environmental protection is provided by the one­
piece transfer molded cases of silicone resin. 

Like all Tarzian silicon rectifiers, these Series "E" units 
have avalanche characteristics, making them especially 
useful where r everse transient voltage surges a re a 
problem. 

Tarzian currently produces annually-for industrial and 
commercial use-'over J 8 million hermetically se.aled 
(Series "C") and plastic cased (Series "F" ), 1 amp 
rectifiers a lone ! This production capability is your as­
surance of on-time delivery of dependable semi-conductor 
devices. 

Engineering ass istance is available from Sarkes Tarzian 
to help you use these new Series "E" rectifiers to their 
best advantage. For further information call or write 
Sarkes Tarzian Inc., Semi-conductor Division, 415 North 
College Avenue, Bloomington, Indiana 47401. 

SARKES TARZIAN, INC. 
SEM I CONDUCTOR D IVIS I ON • BLOOMINGTON, I ND IANA 

World 's leading Manufacturers of TV and FM Tuners• Close.,d Circuit TV systems• Broadcast 
Equipment • Air Trimmers • FM Radios • Magnetic Recording Tape • Semiconductor Devices 

For immediate sales contact, circle No. 853. 

SWEEP GENERATORS 

Master console accepts any combination of seven modules 
as needed. Present requirements can be supplied with off­
the-shelf modules. Provisions for the future include wired 
connections and unwired, unused connections that can 
tie together all modular positions. Function modules now 
available are indicated in Fig. 1. Every discrete fun ction of 
the instrument is a separate package. Space is available 
within the master console and inside each module for 

Fig. 1 
Sweep/signal generator system master console, showing 
following function modules in place : top, left to right. 

• 5-500-MHz sweep oscillator, 100-kHz-500-MHz 
sweep width . 

• 1-2000-MHz variable marker, with time sharing. 
• Fixed ma rker, single and harmonic frequencies. 
• RF output attenuator, 109-db/1-db steps, d-c 



GO MOD 

future modification and upda ting. 
The ins trument may be rack or be nch mounted. Tt is 

l 9 inches wide, 9 inc hes high and 17 inches deep. Te lonic 
Ins trument s, Beach Grove, Ind., expect the ir Mode l 2003 
to find wide app lication in laboratory use , as we ll as in 
future au tomati c and se miautomatic programmed produ c­
tion app li ca tions. CIRCLE NO. 535 

• RF detector, 1 kHz-1500 MHz, with variable time 
constant. 

And bottom, left to right: 
• Basic rate/modulation controller. 
• Display processor. 
Other modules are avai lable. Accidental module 

interchange will not cause damage. 

The implest miniature lamps you can get. 
For design flexibility. 

In miniature lamps, design simplicity is a big Sylvania 
"plus." Take our annunciator lamps. They have a 
self-contained reflector-so you don't need a high­
temperature coil. Get your choice of candel abra or 
miniature bayonet base-for easy replacement of 
other lamps, with a shorter life. 

Our indicator lights feature the slide base and 
can be plugged into Sylvania's exclusive strip sock­
ets . (You can add sockets just by adding to the strip. 
Or take one off simply by cutting the strip.) 

Our cartridge lights accept pilot or indicator 
lamps. These lamps have clear glass ends. To change 
color, simply add a colored lens. This decreases in­
ventory costs. Sylvania cartridge lamps, housings and 
lenses conform to present military specifications. 

In panel lights, Sylvania offers 336 combinations of 
lenses, housings and lamps- fo r complete fl exibili ty 
and simplicity of des ign. 

In addition to a standard line of pilot lights, 
Sylvania features the exclusive 120 volt incandes­
cent Pilot Light. 

Need additional information? Write to Miniature 
Lamp Department, Sylvania Electric Products Inc., 
Estes Street, Ipswich, Massachusetts 0 1938. 

Sylvania: where new ideas are brought to light 

SYLVANIA 
GE

5

N
1

ER~L TELEPHONE & ELECTRONICS GT&E 

Circle No. 1 86 on Reader Service Card for more information. 

E a u i p me n t 167 



MARCONI 
INSTRUMENTS 

DIVISION OF ENGLISH ELECTRIC CORPORATION 
111 CEDAR LANE • ENGLEWOOD. NEW JERSEY 

Circle No. 1 87 on Reader Service Card for more information. 

For immediate sales contact, circle No. 848. 
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EQUIPMENT 

Amplifiers 

Sample and Hold Amplifier will, on com­
mand, take a narrow (approximately 
3-nsec width) sample of the input, stretch, 
a mplify and hold. The decay rate of the 
held analog voltage is less than 2v/sec. 
The Model SHA-3A samples and holds 
input signals up to ± 1 v. Accuracy is 2 
percent afte r correction for ze ro drift. 
The unit has an operating temperature 
range of 15 to SOC. Marquardt Industrial 
Products, 170 Eileen Way, Syosse t, 

.Y. 11 791. CIRCLE NO. 536 

Charge Type Amplifier, Model 2718, 
incorporates wide frequency and dyna mi c 
ranges to accurately measure shock im­
pulses. Because the unit produces a 
directly proportional voltage output to a 
sensed input charge , long cables may be 
used without attenuating the sens itivity 
of pieozoelectric transducers . The Model 
2718 can handle pulse durations as long 
as 600 µ, sec and as short as 33 µ,sec. It 
can operate with cable capac itance up to 
100,000 pf and provides an internal 
sinusoidal calibration s ignal and cali­
brated dial sensitivity. Endevco Corp., 
801 S. Arroyo Pkwy. , Pasadena, Calif. 
91109. CIRCLE NO. 53 7 

Analyzers 

SCR (Thyristor) Analyzer, Model 240, 
gives rapid info rmation on gate firin g 
voltage and current, and on peak fo r­
ward and peak reverse voltage and cur­
rent. Readout is on two separate meters. 
Seco Electronics, Inc., 1001 Second 
St. S., Hopkins, Minn . 55343. 

CIRCLE NO. 538 

Noise Analyzer fo r !C's permits simul­
taneous noise measurements at five fre­
quencies of 10 Hz to 100 kHz. The Model 
2283/2181 may be used to measure any­
thing from the thermal noise of a 10-
kiloh m resistor to a high-gain amplifier. 
Quan-Tech Labs., 43 S . Jefferson Rd. , 
Whippany, N. J. 07981. 

CIRCLE NO. 539 

Spectrum Analyzer, Model SSB-50, 
gives panoramic display from 2 to 40 
MHz. The unit can measure distortion, 
interfe rence, spurious sideband , carrier 
level and noise to better than - 60 db 
from the peak reference level. An op­
tional range extender increases low fre­
quency response to 10 Hz . The Singer 
Co., Metrics Div., 915 Pembroke St., 
Bridgeport , Conn. 06608. 

CIRCLE NO. 540 

Say "Good Bye" 

to hand loading 

of charts 

Model 6452 
$3250 

New Concept in 

x-v-v· 
Recording 

• Continuous supply ot Z-fold paper 
charts 

• 11" x 17" Recording Surface 

• Bi-di rectional chart control 

• Notebook size charts-
8lh " x 11" or 11" x 17" 

• Local or remote control of record-
ing mechanism and pen lift 

• English/Metric scaling 

• 15 in./sec. slewing speed 

• 18 calibrated voltage ranges for 
each axis, continuously variable 
in between 

• ± .2% Accuracy 

• ± .1 % Repeatability 

Ask about our single pen 
versions also 

Q houaton DMNIGRAPHIC corpor•tlon 

a subsidiary of h.ouston instrument corporation 
4950 Terminal Ave. / Bellaire, Texas 77401 
1713) f,67 7403 /cable HOINCO I TWX 1713) 571 2063 

Circle No. 1 88 on Reader-Service 
Card for more information. 

For immediate sales contact, 



YES! 
•ooo P'h 
in these tiny coils 

----· =-. 100 Square . 150 Squ are .250 Square 

Delevan's new 

MICR~i® 
• Integrated and hybrid circuit 

compatib ility. 
• Magnetica lly shielded - low cou pli ng. 
• No core satu rat ion problems. 
• Land Q stability excel lent. 
• Epoxy enca psu lated for environmental 

protection. 

This chart depicts the excellent electrical 
characterist ics of a few coils in the com-
plete Micro i Series. 

Lin µh Q MIN. SRF MIN. Current 

.100 40 > 250 460 Ma . 

. 47 40 175 340 Ma . 

1.00 35 135 220 Ma. 

5.60 40 50 100 Ma. 

10.0 40 40 80 Ma. 

47.0 45 15 70 Ma. 

100 45 10 45 Ma. 

330 45 3.3 55 Ma. 

1000 35 1.8 36 Ma. 

La nd Q Values at Standard Q Meter Frequency 

Delevan Electronics et AMERICAN 
• PRECISION 

Corpora tlon / Division 1NousrR1Es 1Nc. 

270 QUAKER RD . / EAST AURORA, N. Y. 14052 
T.ELEPHONE 7 16 I 6 52-3 600 TELE X 091 - 293 

Circle No. 1 89 on Reader Service 

Card for ·more information. 

For immediate sales contact, 

circle No. 859. 

Video Module fo r use with "P anoramic" RT A-5 and 
TA·2 spectrum analyze rs covers 1 kHz to 27.5 
MHz. Specifications on the solid-state Model 
VR-4 include 200-Hz resolution , 30-µ v sensi­
tivi ty, 50-db linear dynamic range and ± 1-db 
response from 1 kHz to 25 MHz. All amplitud e 
and frequency readings are direct. The Singer 
Co., Metrics Div., 915 P embroke St. , Bridge­
port, Conn . CIRCLE NO. 541 

Microwave Spectrum Analyzer, a moderate cos t 
unit, covers the span from 0.01 to 40 GHz. The 
Model SPA-100 has variable 0 to 100 MHz dis­
persion (optional 2-GHz model available later), 
60-db on-sc reen log display and - 75 to - 100 
dbm sensitivity. Singer Co., Metrics Di v., 915 
P embroke St. , Bridgeport , Conn . 06608. 

CIRCLE NO. 542 

The new equipment listed in this sec­
tion of EON is arranged in alphabetical 
order for your convenience. Items are 
listed in the following order: 

Amplifiers 

Analyzers 
Computer and Peripheral Equipment 
Cont rol Equipment 
Converters 
Counters 
Met ers, Analog 
Meters, Digit al 
M icrowave Equipment 
Mu ltiplex Equ ipment 
Oscillators 
Osci lloscopes and Accessories 
Power Suppl ies 
Production Equipment 
Pu lse Generators and Amplifiers 
Recordi ng and Readout Equipment 
Signa l Generators 
St andards and Standardizing Equip-

ment 
Telemet ry Eq ui pment 
Testers and Test Syst ems 
Tools and Production Aids 
Weld ing and Soldering Equ ipment 
Misce llaneous 

new light on control ]Janel design 
Marco-Oak Presslite® switches give you instant light and 
color check of system status. They' re the smalles t illumi­
nated pushbuttons available with contact ratings of 5 or 
15 amps up to 120 vac .. . maximum body width or 
diameter is less than %." Independent and isolated 
lamp circuits to indicate switch mode or remote sys­
tem status mean less panel space, greater design 
latitude. Snap-action assures long contac t life with a 
wide safety margin even beyond rated currents. 

Presslite switches are available with a variety of op­
tions : SPDT or DPDT, alternate or momentary action, 
midget flange base, incandescent or neon lamps (with 
ballast resistors built into switch base) . Ten basic cap 
styles (including Press-in caps in six sizes and shapes) give 
you a full color range. Matching indicators and recess panel 
.mounting adaptors also available. Write today for the new S-66 Presslite catalog. 

MARCO-OAK 

A d ivis io n of OAK ELECTRO/ NETICS COR P. 
2 07 S . Helen a St., Anaheim. California 92805 

Circle No. 1 90 on Reader Service Card for more information. 
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SEIF 

SEP - for connections to printed circuits 
SEIF - for miniature insulated feed-thru 
SEF - for miniature feed-thru 
SES - for miniature surface contacts 

All types of "SE" blocks include: 

• Only 1/ 4 11 center-to-center terminal spacing 
• Bright tin plated screw machine inserts 
• #2-56 terminal screws for up to 16 ;;AWG wire 

• Molded black pheno lic base 
• Choice of 1-18 poles 
• 300 volts - 5 amps 

Send Today for Further Information 

CURTIS DEVELOPMENT & MFG. CO. 
3256 N. 33rd St. • Milwaukee, Wis. 53216 

See Us At Booth 3743, Design Engineering Show, New York City 

Circle No. 1 91 on Reader Service Card for more information. 

For immediate sales contac;t, Circle No. 850. 

ECCOMOLD0 

EPOXY MOLDING 
COMPOUNDS 

NEW FREE CHART 
Comparative physical , electrical and processing 
properties of Eccomold transfer molding com­
pounds are in colorful chart. Typical applications 
are indicated. 

This Valuable Chart Is Yours 

Write or Use Reader Service Card 

Emerson & Cuming, Inc. 
CANTON, MASS. 

GARDENA, CALIF. • NORTHBROOK, ILL, 

Sales Offices in Principal Cities 

EMERSON & CUMING EUROPE N.V, Devel, Belgium 

Circle No. 1 92 on Reader Service Card for more information. 
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EQUIPMENT 

Computer and Peripheral 

Digitizer is a ne w device for redu cing an alog graphi­
cal da la to digital mag neti c tape for compul er 
process ing a nd analys is. The Model 303 in · 
corporates va ri a bl e int e rva l programm ed (VlP) 
digiti zing whic h, in effec t, ac hie ves fin e· 
resolution digitizing at coarse-resolution s peed. 
Ma ximum trac ing speed is 1875 inc hes/ minute 
and basic resolution is 0.01 inc h. Th e samplin g 
int e rval va ri es be tween 0.01 and 0.1 5 in ch with 
trac ing s tylus veloc it y. Calma Co., 346 Math ew 
St. , Sa nt a Clara , Cali f. 95050. 

CIRCLE NO. 543 

4) 0 
. ~ : ... . " 

Data Set, PM-24, has high tol e rance to dela y and 
a mplitude di s to rtion. It will operate at 2400 bits 
per second in a bandwidth as narrow as 1200 
Hz. Thi s modu lar mode m will tran s mit serial 
digital dat a at 2400 or 1200 bits per second over 
a tele phone or other voice-frequ ency circ uit be­
t ween EDP equipm ent. The PM-24 is bu ilt to 
the EIA RS-232B computer inte rface s tandard . 
Ri xon E lec tronics, Inc., 2120 Industrial Pkwy., 
S il ve r S pring, Md. 20904. CIRCLE NO. 544 

Circle No. 1 93 on Reader Service Card for more information. 



Your best choice 
in enclosures 

D oil and dust tight 
0 EM I /R Fl shielded 
D rigid one-piece construction 
D available from stock 

Consoles in versatile stock design, 50" x 24" x 
23", with gasketed front and rear doors . Op­
tions include rack a ngles, swing-out and 
stationary subpanels and writing desk. 
Consolets are offered in eleven . stock s izes 
for desktop mounting of remote controls. 
Floorstand optional. 
All units are heavy gauge steel with all-welded 
seams, easily shielded . 

NEMA 12 units in stock sizes up to 90" x 36" x 
24". Rigid 12 gauge steel with al l-we ld ed 
seams, gasketed doors front and/or rear. Oil 
a nd dust tight. Options include several interior 
panel a rrangements, rack angles and shielding. 

Heavy gauge steel boxes with hinged doors, 
a ll cadmium plated. Oil and dust tight, fully 
shielded. Interior mounting panels and ter­
minal block kits optional. Shipment from stock, 
all sizes. 

For mounting controls where oil, dust and 
water a re not a problem. One-piece heavy 
gauge steel construction, finished in gray 
prime. Flush latches. Interior panels for mount­
ing components. Wide size range in stock. 

HOFFMAN ENGINEERING COMPANY 
Division of Federal Cartridge Corporation 

Anoka, Minnesota, Oept . 431 

ELECTRICAL 
ENCLOSURES 

Circle No. 1 94 on Reader Service 
Card for more information. 

Memory System uses inl egra ted c ircuits and high­
speed ferrite cores t.o achieve fuU cycle time of 
500 nsec and basic capacity of 16 ,384 words of 
36 bits each . The "2- l /2 D" l C Memory System 
is basically a marriage of th e high-speed cap­
ability of lin ear selec t me mories (2D or two 
wire) with the performance advantages of co· 
incid ent-curre nt memories (3D or four wire). 
The 22/12 high-s peed ferrit e cores have an ex­
ceptionall y sq ua re loop and a swit c hing speed of 
220 nsec. Th ey are mounted on aluminum plates 
that act as hea t ink s to improve reliab ili ty . 
RCA Memory Produc ts Div., 64 "A" St., Need­
ham He ights, Mass. 02194. 

CIRCLE NO. 545 

Control Equipment 

Multiple Output Programmer ca n initiate and termi­
nate timing cycles with durations as low as 
hundredth s of a seco nd a nd up to 29.9 sec, to an 
accuracy of l msec. It can also accommodate 
any special requirements such as program holds 
or int e rrupts. Solid-state components and in­
tegra ted circuit s have been used to elimi­
nate moving pa rt s, assuring low maintenance 

time and long life. Leach Corp. , Relay Di v., 
5915 Avalon Blvd., Los Angeles, Calif. 90003. 

CIRCLE NO. 546 

Converters 

A-D and D-A Converters are versatile, low cos t unit s. 
Included are a variab le word le ngth (up to 12 
bits) genera l-purpose A-D co nverter (ADC-I) 
and mult iplexer control (AMX-1) that will be 
offered as separa te units or as a combin ed 
conve rt e r-multipl exe r (Model CMX-1); a 10-bit 
integrated-c irc uit A-D converte r (Model A-801) 
conta in ed on one digital double " Flip Chip .. 
module, and a JO-bit integra ted c ircuit D-A 
convert.e r (Model A-611 ), also on one doubl e 
" Flip C hip" module. Digital Equipm ent Corp., 
146 Ma in S t. , Maynard , Mass. 01754. 

CIRCLE NO. 547 

--c:::::----

• • 
II 

CAPACITANCE VALUES from 5pf to 10,uf 

VOLTAGE: 50 to 500 voe 
TOLERANCE down to 5% 

TEMPERATURE RANGE: - 55°C to 150°C 

MEETS OR EXCEEDS MIL-C-11015 

F .CO. 
(213) 7••-•••• 

Circle No. 1 95 on Reader Service Card for more information. 
For immediate sales contact, circle No. 851 . 

so 
precise 

each 
switch 

element 
IS a 

"JEWEL"! 

RCL ¥2'' ROTARY SWITCHES 
• Up to 12 positions per deck with stops. • As many as 6 poles 
per deck. • Shorting and non-shorting poles may be grouped on 
one deck in any combination. 

"Off. The-Shelf" Delivery- Write for complete engineering information 

Circle No. 1 96 on Reader Service Card for more information. 
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Dependable performance in your product 
is assured when you specify and install 
ALB EROX ceramic components. Whether you 
need standard terminal bushings, metallized 
ceramic components or complex ceramic and 
metal assemblies, ALBEROX meets all your 
electrical , thermal and mechanical speci­
fications. 

Delivery and quality are assured because 
we maintain complete control - from for­
mulation and firing of ceramics to assembly 
of the finished component - in our own 

modern, integrated plant. And you eliminate 
double inventory because ALBEROX bushings 
are brazable or solderable. 

Our engineering specialists are available 
to assist you at any time. Just call or write. 
Complete cross reference table of all makes 
of standard terminal bushings available on 
re quest. Write for your FREE 18-page catalog! 

ALBER DX 
CORPORATION 
30 Industrial Park. New Bedford, Mass. 02745, Tel. :(617) 995-1725 

Circle No. 1 97 on Reader Service Card for more information. 

172 Equipment 

EQUIPMENT 

Time Interval Counter has d-c level gating. The 
Mod el CF'-530R provides a wide vari e ty of 
interval measure ment s suc h as pul se le ngth , 
pulse s pacing and time betwee n elec tri cal 
eve nts. Start/stop d-c levels are adjustable from 
-30 to 30v with plus or minus slope control. A 
switc h is provided for singl e-line or two-line 
gate input s. Measurements of from IO µ. sec to 
100,000 sec arc poss ible. Digital readou t may 
be di spl ayed for an adjustable int erval, or the 
display may be held inde finite ly until reset. 
Anadex In strume nt s, Inc., 7833 Has kell Ave., 
Van Nuys, Calif. 91406. 

CIRCLE NO. 548 

• 

Integrator-Counter, Model IC-J033, measures 
time integral of low-level analog s ignal s. Input 
sensitivity ranges are 0-50 mv, 0-100 mv and 
0-1 v d-c. Output counting rate is continuous ly 
variable. Both linearity and accuracy of thi s 
single-eve nt integrator are ±0.5 percent of full 
scale. There is front panel or remote start -s top 
of integration cycle and zero offset correct ion. 
Indu strial Scientific Research Corp., 2220 
Howell Ave., Anaheim, Calif. 92805. 

CIRCLE NO. 549 

Circle No. 1 98 on Reader Service Card for more information. 
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Flat bus conductors laminated with Eldre's thin, rugged insulation will reduce electrical 
noises which cause havoc in high speed , solid state equipment. Lower the inductance and 
control the capacitance of your vital power distribution lines. Ground shields are inter· 
leaved with the voltage-carrying conductors so that effective shielding can be adequately 
provided. The terminations of each conductor, as shown, are for soldering but other types 
can be incorporated into the bus design. This compact and completely molded bus can 
replace a bulky harness and repetitive wiring. 
Increase the reliability of your circuit with a bus system and obtain efficiency. 

A controlled manufacturing system produces more than a million configurations at standard 
unit prices. TRANSDUCER SELECTION IS MADE EASY BY A NEW, SPECIALLY-D ESIGNED CATALOG 
SYSTEM. The G. L. Collins A. C. Linear Motion Transducer translates straight-line (linear) motion 
into an A. C. analog which is useable as a feedback Fo• mo,. .nlo•mat•on w,.,. o• call 

signal for control or display. This instrumentation G. L. COLLINS CORP 
component has infinite resolution, .0001-inch ac-
curacy. billion-cyc le re liability, and linearity to m s 011sPo m .. LO•& m e•. cAuroR•rA soao5 
.23 of full st roke. Listed in VSM F and ASCA M Mi..:ro- 1m1 m -a141 or &30.3 121 · iwx 1m1 uuog5 

film Catalogs. 

Circl e No. 200 on Reade r-Service Card for more information. 

For immediate sales contact, Circle No. 860. 

Analog-to-Digital Converlers with conversion speed 
to 2000 per sec are intended for compute r app li ­
cation compati bll' wi1h incre mental tape re­
corder speeds. The Series 013 convert ers have 
accuracies from 0.08 percent to 0.01 percent 
full cale :t l count. Conversion rate is SO µ,sec 
per bit, including polarity. Prices range from 
$1000 to 2900. A. D. Data Systems, Inc., 
830 Linden Ave .. Rochester, N.Y. 

CIRCLE NO. 550 

Meters, Analog 

Transistorized VOM , Model 600, has simplifi <'d scale 
and FET input circuit for 11-megohm input 
impedance on d-c ranges above 0.8v. Full-scale 
ranges ar(' OA lo I 600v d-c, 4 to 800v a-c and 
1000 ohms to JOO megohms resistance. A singlt' 
probe that switchC's to d-c or a-c and ohms. 
plus a d-c polarity reversing s·witch, give 
simplified t sl <·onnC'ctions. Pri ce i $78 com­
plete wilh batteries (4000-hour normal battery 
life). The Triplell Electrical Instrument Co., 
Blufft on, Ohiu 45817. ClRCLE NO. 551 

Current Indicator and I ntegratOr, Model A 308 C, is 
self-calibraling and has sensitivilies variable 
from I ma lo 3 x 10 A amps for either pooi live 
Qr ne.11a tive current measurement. The inte­
graling rale i ralibraied by a JO-turn precision 
pot enliomeler and the integral is displayed 
digitally. Both indicating and integrating values 
are accurate lo I percent. Elcor, Div. of Hal­
liburlon Co., 2431 Linden Lane, Silver Spring, 
Md. 209LO. CIRCLE NO. 552 

Circle No . 202 on Reader-Service 

Card for more information. • 

Stays supple 
in continuous 
operation at 
very high 

THERMOFLEX 
Fiberglass Sleeving 
is designed for application where temper­
atures run as high as 1200°F. Constructed 
of closely woven 1003 fiberglass, it pro­
vides maximum abrasion resistance and 
great flexibility. It is specially treated to 
remove all organic matter and to make it 
fray-resistant. Because dielectric strength 
is determined by the space factor, 
Thermoflex is available in regular, double 
or special construction in various wall 
thicknesses. Especially recommended 
where high flexibility is required. Write 
for samples, data and prices. 

L. FRANK MARKEL & SONS 
Norristown, Pennsylvania 19404 

INSULATING TUBINGS AND SL~EVINGS 
HIGH TEMPERATURE WIRE AND CABLE 



ACTUAL SIZE 

Circle No. 203 on Reader Service Card for more information. 
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Proximity Voltmeter, Series 5050, gives non­
contacti ng measurement from 1 to lOOOv fu ll 
scale at poss ible accuracy of better than I per­
cent. Wit h its Model 5051-25 high-resolut ion 
probe it can resolve circular spot charges as 
small as 0.075·inch dia. Response speed is 
rapid, with rise time of 10 to 90 percent in less 
than 10 msec. Electrometer Products Div., 
Victoreen Instrument Co., 10101 Woodland 
Ave., Cleveland, Ohio 44104. 

CIRCLE NO. 553 

Fl N-Fantastic 
Fins and fans on the new Astrodyne 
2450 heat sinks provide extremely 
low thermal resistance - 0.105° C/ 
watt with 23 fins as shown (0.089° C/ 
watt with 33 fins) . 

Cooling semiconductor compo­
nents or thermo-electric modules, 
the 2450 series provides 650 watts 
dissipation at 1500 LFM (4x4 " unit 
illustrated). 

Standard sizes in the 2450 series -

Meters, Digital 

An Accurate Digital Multimeter for less than 
$300! The Model 7050 is an integrating voltmeter 
that uses the dual-slope technique plus auto­
matic compari son to an internal standard . 
Sampling speed is six measurements per 
second. Fu ll -scale ranges cover from 1.5 to 
lOOOv and 1500 ohms to 15 megohms. Input 
impedance is greater than 1000 megohms and 
th e f1oating input may be operated SOOv above 
ground. Display bli nking is avoided by the use of 
readout storage. Fa irchi ld I nstrumentation, 
475 Ellis St., Mountain View, Cal if. 94040. 

CIRCLE NO. 554 

2x2 " , 3x3" , 4x4" an d 4x6 " 
provide easy mounting accessibility 
for devices to be cooled . The num­
ber of fins may be increased to per­
mit maximum heat dissipation and 
they may be adapted , on special 
order, to permit through-mounting 
of heat generating component s. 

A technical bulletin and prices on 
the 2450 series forced convection 
units sent on reouest. 

astrodyne, inc. 
SUBSID IARY O F R OANWEL L COR PORAT ION 

207 CAMBRIDGE STREET I BURLINGTON. MASSACH USETTS 01803 

(617) 272·3850 TWX (71 0) 332-1609 

Circle No. 204 on Reader Service Card for more information. 

Circle No. 205 on Reader Service Card for more information.• 

EON M a y 1967 
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Microwave Equipment 

~ 

1 
' '' ' :- .. ~ ... . . . 
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Digital Voltmeters, Mode! 400 Series, 
feat ure sys tem compatibility with their 
BCD outputs and their ability to accept 
ex ternal trigger signals, to generate sig­
nal s to trigger ex ternal data reco rders 
and to provide direc t readings in en­
gineering units. Included are three- and 
four-d igit models. The four-digit model 
provides full- scale accuracy of 0.05 
percent , resolution of 0.01 percent and 
has 100·µ,v basic d-c sensitivity. Janus 
Control Corp., Div. of Tyco Labs., In c., 
296 Newton St., W altham, Mass. 02154. 

Digital Meter is a DVM, an integrator and 
a counter. The Model DM 5000 has d-c 
ranges from 100 mv to lOOOv with 0.1 -
percent accuracy, 100-µ,v resolution and 
input impedance greater than 10 meg­
ohms. As a counter it offers rate, period 
and count modes of operation. Rate mode 
ranges are from 9.999 to 9999 kHz full 
scale. Tec hnology, Inc., 7400 Colonel 
Glenn Hwy., Dayton, Ohio 4543]. 

CIRCLE NO. 556 

1 Ow Mcrowave Amplifiers, Model 5000 
Series, use PPM-focused traveling wave 
tubes to cover the frequency range of 
1 to 11 GHz in four models. Gain is 30 
db at both low signal levels and at the 
lOw level. "Total protection" circuits 
make possible reliab le unattended opera­
tion. Alfred Electronics, 3176 Porter Dr. , 
P alo Alto, Calif. CIRCLE NO. 557 

CIRCLE NO. 555 

With EASTMAN 910® Adhesive. 

Dependable braking 
in shaded-pole motors 

To meet the demands for small physical EASTMAN 910 Adhesive withstand this 
size without sacrificing critical braking constant braking pressure. 
requirements, Barber-Colman Company EASTMAN 910 Adhesive will form 
manufactures compact, efficient motors for bonds with almost any kind of material 
a wide range of elec- -----------------.. without heat, solvent 
trical applications. evaporation, catalysts, 

To insure quick, or more than contact 
sure stops over a long pressure. Try it on your 
period, EASTMAN Spring toughest bonding jobs. 
910 Adhesive is used For technical data 
to bond a cork disk to and additional infor-
the end of an alumi- mat ion , write to 
num rotor and a sec- Rotor Chemicals Divi sion, 
ond disk to the brass EASTMAN CHEMICAL 
or aluminum bearing PRODUCTS, IN C., sub-
frame of the brake sidiary of Eastman 
assembly. Pushed to- Kodak Company , 
gethe r by pressure Kingsport, Tennessee. 
applied to the rotor when power is shut EASTMAN 910 Adhesive is distributed by 
off, these disks provide the actual braking Armstrong Cork Company, Industry Prod­
as they rub together. Bond.s made with ucts Division, Lancaster, Pennsylvania. 

Here are some of the bonds that can be made with EASTMAN 910 Adhesive 
Among the stronger: steel, aluminum, brass, copper, vinyls, phenolics, cellulosics, polyesters, 
polyurethanes, nylon; butyl, nitrile, SBR, natural rubber, most types of neoprene; most woods. 
Among the weaker: polystyrene, polyethylene (shear strengths up to 150 lb./ sq. in.). 

There is no 

,: 
·llSTMAN 910° 

"' 

adhesive 
like 
EASTMAN· 
910® 
Adhesive 

SETS FAST- Makes firm bonds in seconds to minutes. 
VERSATILE-Joins virtually any combination of 
materials. 
HIGH STRENGTH-Up to 5,000 lb . / in.' depending 
on the materials being bonded. 
READY TO USE-No catalyst or mixing necessary. 
CURES AT ROOM TEMPERATURE- No heat required 
to initiate or accelerate setting. 
CONTACT PRESSURE SUFFICIENT. 
LOW SHRINKAGE-Virtually no shrinkage on set­
ting as neither solvent nor heat is used. 
GOES FAR-One-pound package contains about 
30,000 one-drop applications. (Or in more specific 
terms, approximately 20 fast setting one-drop ap­
plications for a nickel.) 
The use of EASTMAN 91 D Adhesive is not suggested 
at temperatures continuously above 175°F., or in 
the presence of extreme moisture for ' prolonged 
periods. 

See Sweet's 1967 Product Design File6a/ Ea. 

Now available! EASTMAN 910 Surface Activator 
When certain surface conditions inhibit rapid 
bond formation, use of EASTMAN 910 Surface 
Activator is suggested to restore the rapid 
polymerization of EASTMAN 910 Adhesive. 

Circle No. 207 on Reader Service Card for more information. 

Convenience. 

Color Coding Eases 
db Value Reading 

These miniature fixed attenuator pads 
are color coded for db values of 1, 2, 3, 
6, 10 and 20. An easy-to-read qua I ity pad 
at the practical price of $12.50. The 
model FP-50 pads are designed for oper­
ation from DC to 2000 MHZ. Accuracy is 
better than ± 0.3 db to 500 MHZ and 
± 0.5 db to 1 GHZ. Each pad is calibrated 
at two frequencies, 30 MHZ and 1 GHZ, 
with the calibration recorded on the 
body of the attenuator. I mpeda nee of the 
FP-50 is 50 ohms and the FP-75 is 75 
ohms. A wide range of connector types 
can be provided with BNC, TNC and type 
N. Units available from stock. 

Specialists In El ectronic Instrumentat ion 

~\j~ 
51 Koweba Lane 

Indianapolis, Indiana 46207 
Ph. (317) 632-7351 

Circle No. 208 on Reader Service 

Card for more information. 
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WRITE for this FREE 36 page catalog de­
scribing our complete line of card-mounted 
digital microcircuits . Brochure contains logic 
diagrams, connections , performance data , 
power supplies and card drawers. NEW price 
sheet is also included. 

V-31 

-.lifro ELECTRONICS 
Producers of NEMS-CLARKE Equipment 

A Division of Vitro Corporation of America 
919 Jesup-Blair Drive • Silver Spring, Maryland (301) 585-1000 

2301 Pontius Avenue · Los Angeles 64, California (213) 477-6717 

Circle No. 209 on Reader Service Card for more information. 
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Multiplex Equipment 

Analog Multiplexer is a high-speed , low-level unit 
with FET s witc hes and IC logic. Full-scale 
diffe rential floatin g input ranges of the Se ries 

500 are from ± 5 to± 640 mv with a full -scale 
output of ± lOv. Maximum sampling speed is 
40,000 samples pe r sec. Inters tate Electronics 
Corp., 707 E. Vermont Ave., Anaheim, Calif. 
92803. CIRCLE NO. 558 

Oscillators 

Precision Osc illator covers 10 Hz to 100 kHz and 
delive rs l 2v rm s with cons tant 600-ohm im­
pedance. The Model CVO has the unusual 
spec ification of 0.01 pe rcent for frequency 
res ponse, harmoni c di s torti o n, a mplitude 
s tability, cycle-to-cycle s ta bility, frequency 
s tability pe r hour and freque ncy resolution. 
Plug-in options include a voltage divide r with 
1-µ,v resolut ion , a nonsinu soidal fun c tion gen­
e rator and a db a tt enua tor. Exte rnal accesso ries 
inc lude a 120v amplifie r and a digital readout. 
Weston Ins truments, Inc., 614 Frelinghu ysen 
Ave., Newark , N. J. 0701 4. 

CIRCLE NO. 559 

Oscilloscopes and Accessories 

Digital Oscilloscope System combines Type 568 
osc illoscope and T ype 230 digit al unit to provide 

up to 50 measureme nt s per second , easy ex­
te rnal programming. BCD dat a output s and so]jd. 
s tale l C c irc uitr y. Digita l p resentations can 
des ignate voltage measure ments, time-dif­
fere nce measure ments be tween similar pul ses 
and time-diffe re nce measure me nts be tween pe r­
centages or voltages of pulse amplitudes. 
T ek tronix, Inc., Box 500, Beaverton, Ore. 97005. 

CIRCLE NO. 560 

new type 
NV 

VARIABLE 
INDUCTOR 

installs faster 
at less 
cost ! 

A communication grade variable in­
ductor that can be tuned. Plugs into 
circuit boards without eyelets, straps 
or mounting hardware of any kind. 

Keyed so it can't be mounted wrong. 
Five terminals are standard. Can be 
ordered on a custom basis with up to 
10 terminals for special transformer 
designs or multi-tap inductors. In­
comparable quality at an inexpen­
sive price! 

TUNING RANGE: Up to± 18% from 
nominal inductance. 

FREQUENCY RANGE: 800Hz to 100 kHz 
Four types-Fast delivery! 

SANGAMD TYPE NV VARIABLE INDUCTORS 

SANGAMO NOMINAL INDUCTANCE FREQUENCY 
TYPE MIN. MAX. RANGE 

NV-243 4.30rnh 670rnh 2kHz to IOOkHz 
NV-244 6.30rnh 960rnh !kHz to 70kHz 
NV-245 10.00rnh l.40h !kHz to 50kHz 
NV-246 14.00rnh 2.18h 800Hz to 40kHz 

Please write for Bulletin 5103. 

SANGAMO ELECTRIC COMPANY 

T67-01 Springfield, Illinois 

Circle No. 21 6 on Reader Service 

Card for more information. 
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2.4-nsec 150-MHz Oscilloscope offers 
portability, dual trace and rugged con­
struction. The Type 454 has a 5-mv/div 
dual trace ve rti ca l sec tion, 150-MHz 
triggering, 5-nsec/div delayed s weep and 
solid-state design. The 2.4-nsec ri se 
time and d-c to 150 MHz bandwidth are 
specifi ed at the tip of the inc luded JOX 
attenuator probe . There is provi sion for 
direc tly mounting high-speed cameras on 
the scope. Tektronix, In c., Box 500, 
Beaverton , Ore. 97005. 

CIRCLE NO. 561 

Time Mark Generator, the "Multi/ 
marker", delive rs s ix c rystal-co ntrolled 
frequencies from JOO Hz to 10 MHz at 
bett er than ± 0.007 percent accuracy, 
plu s a l v p-p ca librator output at be tt e r 
than ± 0.5 perce nt. Battery powered and 
ru gged, it can be plugged direc tl y into 
an oscilloscope to calibrat e the s weep 
and vertical amplifi ers. Accutronics, Inc ., 
12 S. Island , Batavi a, Ill. 

CIRCLE NO. 562 

Power Supplies 

r ~·-·--·~· .1 .;.-. 'I ! I '! . ·--= • .. 

Precision D-C Current/Voltage Source 
and Differential Voltmeter, Model CR-
10-N R, has absolute acc uracy of ± 0.02 
percent of setting with a s tability of 
0.001 percent for an 8-hour period. Max­
imum output current is 11.1110 ma with 
voltage compliance of 20v and resolution 
in 100-na steps. Maximum output voltage 
is± 11.lllOv a t 20 ma. The current mode 
is open-circui t proof and the voltage 
mode is short-circuitproof. El ec tronic 
Development Corp., 423 W. Broadway, 
Boston , Mass. CIRCLE NO. 563 

Circle No. 21 7 on Reader Service 

Card for more information. • 

14,187 radio-dispatched tow-cars 
and only one tetrode rated for PTTS* 

The tow-car driver is rarely on the 
air with his dispatcher for as long as 
60 seconds and he drives at least 5 
minutes between calls. The same goes 
for most radio-dispatched vehicles. 

PTTS* (Push-To-Talk-Service), with 
its duty cycle of ONE MINUTE ON and 
FOUR MINUTES OFF has been shown 
to be the most realistic , economical 
and practical rating system for vehic­
ular communications systems. 

For this reason, Amperex developed 
the 8637, the only twin tetrode ever 
designed and rated for PTTS. Featur­
ing high thermal inertia anodes and 

incorporating a wealth of twin-tetrode 
manufacturing experience, the 8637 
offers the designer a new approach in 
creat ing a better vehicular radio. 
Fewer, and less costly components 
may be used. Some typical operating 
conditions which bear this out are 
shown on the chart at right . . . lower 
plate voltage, lower drive and higher 
efficiency at the VHF frequencies. 

The 8637 is a 'small tube', (only 
3'/s" seated height), perfectly suited 
for today's low-profile designs. Its cost' 
is lower than ICAS and CCS rated tube 
types of the same power. 

For data, applications reports 
and engineer ing assistance, write: 
Amperex Electronic Corporation, Tube 
Division, Hicksville, L. I. , N. Y. 11802. 

ALL THIS-and AMPEREX QUALITY, TOO! 
ONE 8637-PUSH-Pl:JLL 

Internally Neutralized Throughout Entire Freq. Range 
50 MHz PLATE OUTPUT DR IVE 

CCS . . ... 375v. . . 25w . ...... 0.67w. 
ICAS ...... 450v ....... 34w. . ... 0.82w. 

PTTS . . ... 600v . ...... 84w . ...... 0.86w. 

175 MHz 
CCS- ... 300v . .... .. J8w ... .... J.4w. 
ICAS ....... 350v.. . .. 26w.. J.6w. 

PTTS .. ..... 560v. . . . 63w . ....... 2.2w. 

Ampere» 
TOMORROW ' S THINKING IN TODAY 'S PRODUCTS · 



(use time delay relays?) 

CHECK AEMCO PRICES! 

* EC20 · 03 
VAC 60 CY. 

t17 0 SEC. AOJ. 
t- tO OE LAY 
TIME 

ELECTRONIC 
RELIABILITY 

±5% REPEAT 
ACCURACY 

c•"'~ " electronic reliability 

$17.50 
(1-24 quantity) 

1-100 SECOND DPDT OUTPUT 
ADJUSTABLE DELAY RATED 10 A. 

PLUG-IN LOW PRICE! 
CONVENIENCE QUANTITY DISCOUNTS! 

Budget priced with plug-in convenience where critical timing 
parameters are not required . Delay adjusted by conven ient 
single knob. Remote adjustment by use of external poten­
tiometer (special order). 117 VAC input. DPDT output rated 
10 A. AEMCO type EC. 

1111 VAC ~f I l 
1• 9 0 s~c . ADJ. LJ f 

LC ltHO ,fJ 

ELECTRONIC 
RELIABILITY 

REPLACES POPULAR 
MOTOR TYPES 

(l-24 quantity) 

±5% REPEAT DPDT OUTPUT 
ACCURACY RATED 10 A. 

1-90 SECOND LOW PRICE! 
ADJUSTABLE DELAY QUANTITY DISCOUNTS! 

Packaged to directly replace all popular motor type time 
delay relays ... far more reliable than motor types. Budget 
priced-real savings when critical timing parameters are not 
required. 117 VAC input. DPDT rated 10 A. AEMCO type LC. 

NEED SPECIALS? Other packaging? Longer timing ranges? 
Other voltages? DC? Remote adjustment? Write or call 
outlining your needs. We're eager to serve you, too! 

AEMCO DIVISION 
MANKATO, MINNESOTA 56001 

formerly TELEX/AEMCO 

PHONE A/C 507-388-6286 

Mi Di EX 
I N C Ofll ~O fllATfO rexo 

Circle No. 218 on Reader Service Card for more information. 
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EQUIPMENT 

Fast Slewing Current Regulators and unipolar d-c 
amp lifiers have 0.1 v/µ, sec s lewi ng rate and more 
than 90-db open loop ga in. The C K (HS) sup­
plies are offered in five models from 0-5 to 
0-60v a nd 0-8 amps to 0-500 ma. Kepco, Inc., 
131-38 Sanford Ave., Flushing, N.Y. 11352. 

CIRCLE NO . 564 

Production Equipment 

Vacuum Sputtering System, Model 3197, uses a 
tetrode to provide 10 times lower pressure, 
faste r deposition ra tes and purer film s. Metals, 
meta l alloys and dielectrics can be depos ited 
on a substrate at the rate of lOOOA per minut e 
at pressures of 2 x l0- 4 Torr measured al the 
base plat e. De pos ited mat erial can be varied 
in th ick ness from a few angstroms to man y 
microns. National Research Corp., subs idi ary 
of 01'lon Co., 160 Charle mont St., Newton, 
Mass. 02161. CIRCLE NO. 565 

Automatic Vacuum Station is portable and provid es 
fast vacuums in 10-6 Torr range without re­
quiring operator skill or decision . The " P ort­
A-Vac" is air and cryogenica ll y cooled and thu s 
requires no co nnec tion to water source. 'la­
te rials Research Corp., Orangeburg, N. Y. 10962. 

CIRCLE NO. 566 

Pulse Generators 

High-Power Pulse Generator has rise time of less 
than 10 nsec and fa ll tim e of less than 12 nsec. 
The Model 380 is a 5-kw unit that, when com­
bin ed with a variable ri se- fall-t ime contro l 
plug- in and high-current a nd high-vo lt age plug­
ins, wi ll de li ver high powe r, clea n waveform 
pu lses with output vo ltages to lOOOv, or output 
curre nt to 100 amps int o 0.5 ohm. \ elonex, 
Div . of P ulse Engineering, lnr .. 560 Robert 
Ave., Santa Clara, Cali f. CIRCLE NO. 567 

TRW 
MINUTEMAN 

INVERTERS 

. . 

I .. I 

Jla-

t 
I· 

Continuously 
Guard 

Vital Power 
for 

Essential 
Equipment 

TR W Minutema n Inverter Systems 
include a broad range of models and 
equipment options from 100 VA to 
100 KVA - single phase and three 
phase, wit h a va r iety of operat ional 
modes - inc luding red u ndant and 
standby arrangements. 

Guarding the cont i nuous flow of 
p owe r f o r communicat io ns equip­
men t , process instrumentat ion, com­
puters and ot her critical loads is t he 
fu ll time occu pati o n of these Min­
utemen . 

Other Minuteman Products 
DC to DC Co nve rte rs : 

100 W to 20 KW. 
So l id State AC Bus Tra nsfer Sw itches : 

fro m 25 amperes to 200 amperes. 

AC .. AC Modification of standard 
· product for custom ap -t . plica tion is our specialty. a CONVERT ITHOUT MOVING PARTS 

DC _...,_, DC 
Wr ite today for 

comp le te informa t ion . 

TRWEau1PMENT 
OPERATIONS 

Dept. 0855 
23555 Euclid Avenue 
Cleveland, Ohio 44117 

Tel. (216) 383-3435 

Circle No. 219 on Reader Service 

Card for more information. 
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Take a look now! 

See if it's 
totally correct. 

If not, please let us 

know by returning a 

'Change of Address' 

card. 

Recording and Readout 

Galva-Printer (Model 1204) and companion Parallel­
to-Serial Converter (Model 1207) are accessory 
units for the "V is icorder'•' oscillographs. The 
prin ter allows simultaneous recording of digital 
information using a single standard galvanom­
eter, while analog records are being made. The 
converter unit can present the digital informa­
tion in serial format. Printing rates of up to 
2000 lines/sec are possible- more than 100 
times faster than mechanical units. Honeywell, 
Inc., Test Instruments Div., 4800 E. Dry Creek 
Rd., Denver, Colo. CIRCLE N·O. 568 

TV Disc Recorder can store up to 1000 individual 
pictures indefinitely, yet they may be erased 
instantly if des ired. The selec tion and instant 
display of any desired frame on one or more 
standard television monitors is done by dial ing a 
three-digi t number as on a telephone. Both 
recording and erasure can be performed auto­
matically at a remote pu shbutton control box. 
General Electrodynamics Corp., 4430 Forest 
Lane, Garland, Tex . CIRCLE NO. 569 

Event Recorder, Model ER-200, makes a memory 
oscilloscope of any standard oscilloscope be­
cause of its ability to s tore and repetitively 
play back a·n event for di splay. Full-scale input 
ranges from 50 mv to 5v and the frequency range 
is 1 to 100 kHz. Triggering is internal or external. 
The inco ming signal frequ ency-modulates the 
signal that is stored on a magnetic drum. Western 
Magnetics, Div. of GJM, Inc., 1733 Flower St., 
Glendale, Cali f. 91205. CIRCLE NO. 570 

MS90376 
ELECTRICAL 
CONNECTOR 
CAPS FOR 
MIL-C-5015 AND 
Ml·L-C-26482 
CONNECTORS 

* 30 sizes in stock 

* Government approved 
MIL-P-3803 polyethylene 

* Red and yellow colors to 
MIL-STD-104 

* Low prices 

WRITE TODAY FOR 

BULLETIN P6612 
complete information 

SEE US IN BOOTH 3243 AT THE DESIGN SHOW 

S. S. WHITE, COMPANY, INDUSTRIAL DIVISION , Dept . 45 . 
201 East 42nd Street, N .Y., N .Y. 10017. Telephone 212 661 -3 320 

S.S. WHITE 
® 

Circle No. 221 on Reader Service Card for more information. 

For immediate sales contact, Circle No. 852. 
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aled case. For med1 
grade tape recorders. 

MMS51 .. ·Single speed (3000 rpml 
higfr grade tape recorders. 

MMP55···2 speeds (2700,4800 rpm l 
For 8mm cameras. 

MMzs ... Without governor. For still and 
8mm cameras. 

SP~CIFICATIONS FOR SANKYO MICRO MOTORS 

Dimension Rated Range Rated 
Voltage of Torque 

Voltage 
<mm l !Vl (V) (gr~cm) 

~ Length 

DMT1 4 2 x 37 6 4 .5- 6 9 
DMY15 42x 37 6 4.5- 6 15 
DMY6 1 42 x 37 12 8 - 12 20 
MMS44 25 x 55.5 9 6 - 10 10 

MMS5 1 25 x 55.5 6 4.5 - 6.3 7 
MMP55 20x 45 4.5 4 - 6 10 
MMZ6 16>< 29 4 - 6 2 

Rated No Load Star t ing Life 
Speed Load Curren t Torque 

Current 
( rpm) !mAl {mAJ (gr-cm) !Hrl 

DMTI 2400 40 130 25!4 .5V) 600 
DMY15 2400 50 200 50(4 .5Vl 600 
DMY61 2400 50 150 50!8Vl 600 
MMS44 3000 40 140 20!6Vl 600 

MMS51 3000 50 140 25 l 4 ,5VJ 1000 (29001 

'MMP55 2700 1110 1 (290) 60(4 .5Vl 50 4800 

MMZ6 6000 (100) 120 15 !4Vl 100 11500 

Sankyo 
Motor Div. 
SANKYO SEIKI MFG. CD., LTD.: 17·2, Shimbashi 
l · chome, Minato-ku, Tokyo, Japan. 
Tel: 591 -8371 Cables: SANKYORGEL TOKYO 
AMERICAN SANKYO CORP.: Rm. 808-10, 95 
Madison Ave., N.Y.C.,N.Y .• U.S.A. 
Tel : LE·2 ·8020 
SANKYO (EUROPE)EXPDRT und IMPORT G.M.B.H.: 
4 Diisseldorf, BahnstraGe 45 -47 , W. Germany. 
Tel : 25652/ 3 

Circle No. 222 on Reader Service 

Card for more information. 
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EQUIPMENT 

Signal Generators 

Digital Frequency Synthesizer has output from d-c to 
l.3 MHz in 0.01-Hz steps. The Model 3100A has 
built-in clock with frequ ency stabi li ty of l part 
in 109 per day. Harmonics are down at leas t 55 
db, spurious s ignals at leas t 90 db ; 20-µ, sec 
switching speed programmability is available 
as an option . Monsanto Electronics Center, 
620 Passaic Ave., West Caldwell, N. J. 07006. 

CIRCLE NO. 5 72 

Standards and Standardizing 

Precision D-C Current Source has fu ll -scale ranges 
of 1.2, 12 and 120 ma and 1.2 and 12 amps, with a 
compliance of lOv. The Model DCS-105 has 
accuracy of 0.003 percent on the three low 
ranges, 0.006 percent on the J .2-amp range and 
0.01 percent on the 12-amp range. T emperature 
coefficient is 5 ppm/deg C. Spec ifications are 
very conservatively rated. Julie Research Labs., 
Inc., 211 W. 6l st St., New York, N.Y. 10023. 

CIRCLE NO. 573 

Telemetry 

FM Subca rrie r Disc riminator, Model FDS30, uses 
all solid-state circuit s and pass ive filt e rs . It is 
des igned for use on all lR lG pro port ion al and 
constant bandwidth channels. The discriminator 
ca n accommodate any cente r frequ ency from 
300 Hz to 300 kHz and any deviat ion from ±2 
to ± 40 percent. The des ign avoids " loss of lock" 
that is inhere nt in phase-lock-loop type dis­
criminators. Airpax Electronics, Inc., Seminole 
Div., Fort Lauderdale, Fla. 33310. 

CIRCLE NO. 574 

Testers and Test Systems 

Low Cost Transistor Checker is a battery-operated 
Go/No Go unit that will show in two steps th e 
transistor' s polarity, whether npn or pnp, 
whethe r it is ope rational or faulty and the d-c 
beta. Price for the Model 20 is $19.95 in small 
quantities . Lucci & Co., 3216 Clark Rd., 
Sarasota, Fla. 33581. CIRCLE NO. 575 

THE FIRST-----
!40 VOLT 

ALL SILICON DEFLECTION DRIVER 

MODEL RDA-PP6N-1 R 
Amplifier and Regulated 
Quadru-Power Supplies 

with Safety Current Limiting 

12 Amp Change in less than 9 µ sec 

0.02% linearity 

• Direct Conversion: E in to I out 

• de to Pulses and Complex Waveforms 

• Compatible with Single-Ended Yokes 

• No Synthesizing Networks Required 

• Self Contained, Needs only 115 Vac 

• Minimum Crosstalk 

Gn'Jineerin'J ofatoralorie:J Co. 
MAHWAH, N. J . UPLAND, CAL. 

Circle No. 223 on Reader Service Card for more information. 
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Need an accurate, dependable, 
low-cost rotary encoder? Gurley's 
Model 8608 is the answer! 
Designed for numerous industrial 
applications, it is ideal for use 
as an electronic tachometer or 
shaft angle measuring device; 
also in numerically-controlled 
machine tools, computer tape 
transports and processing equip­
ment. As a matter of fact 
anywhere dependable digital in­
formation is desired. 

Standard output is a 0-centered 
quasisinusoid with 2V min . 
p-p amplitude. 

• Rugged, all-metal case 
construction. 

• High precision pulse discs of 
optical-quality glass assuring 
dimensional stability. 

• Pulse counts per revolution 
from 50 to 1024. 

• Option of pigtail leads or 
connector terminations. 

• Compact size - 2.25 diameter 
x 2.52 length (including shaft) . 

Get complete information! Write 
for Data Sheet # 8608 or 

telephone (5i8) 272-6300. 
TWX: (518) 241 -6099. 

W. ·& L . E. G U R L E Y 
548 FULTON STREET , TROY , N . Y . 12181 

Circle No. 224 on Reader Service 

Card for more information. 

PCM Simulator can provide programmable and 
perturbab le serial digital data in up to 512-word 
fram es. The Model 215C features three in­
dependent word types, RZ or NRZ formats , 
clock rates to l MHz and prov ision for blank­
ing and bit jitter. Frame program is controlled by 
binary toggle swi tches. selectable from l to 512 
words. Datapulse, 509 Hindry Ave. , Inglewood , 
Calif. 90306. CIRCLE NO. 576 

Programmable Curve Tracer for semiconductor 
tes ting can perform up to five separate tes ts 
automatically on an ind ividual semiconductor 
device at a single insert ion. The Model 6200 
B/P when combined with Model 35098 pro­
grammer mak es a comp lete semiautomatic tes t 
station. func tions that can be programmed on 
the unit include: vertical and horizontal sensi­
tivi ty, collector sweep range and polarity, two 
values of co llec tor diss ipation resistance and all 
base ranges . Polari ty and manual 1-2 or 5 
mu lti pl ier as we ll as normal and pulsed-mode 
operations also are possible. Fairchild Instru ­
mentation , 475 Ellis St., Mounta in View, Calif. 
94040. CIRCLE NO. 577 

IC Test System, Seri es 5000, co mbines accurate, 
high-speed d-c parameter measurements with a 
new dynamic digital time and voltage module 
(DTVM). Module features include 100 percent 
digitall y programmable fun ctions, digi tal read­
out of data, adaptability to any size monitor 
scope and inclusion of all ac tive high-frequ ency 
measuring circuit s in an analog feedback loop. 
Fairchild Instrumentat ion , 475 Ell is St., Moun­
tain View, Calif. 94040. CIRCLE NO. 5 78 

We'll provide 
the connective system! 
Most electronic systems can be 
made more compact and lighte r. 
with less chance for wiring error. 
by applying flexible or flexib le­
rigid combination interconnects. 
There's an easy way to do it. 

We've been maki ng flex ible lam­
ina tes and etched circuits from 
them fo r years. They're ava ilable 
in high temperature and self­
extinguishing types as wel l as 
standard copper-po lyester. Flex­
ible fla t cable is newer, but only 
an extension of proven Schjeldahl 
technologies. We have compat­
ible connectors for reliable con­
nection between fl at cable and 
wire, p r inted circuits, flexib le 
printed circuits and other flat 
cable. In addit ion, we have lines 

of printed circuit, rack and panel 
and miniature hexago na l con­
nectors. Standard and hermeti­
cally sealed. 
I f you're faced with the problem 
of getting a system from sche­
mat ic or breadboard stage to 
prod uction - the easiest. mos t 
efficient way- a Schjeldahl ap­
plications engineer can be most 
helpful. We can design the cir­
cu its, recommend and supply the 
connectors. or supply yo u with 
the complete connective sys tem . 
So go ahead - think flexible. Write 
Connectives Department, G . T . 
Schjeldahl Company, Northfield . 
Minnesota 55057. Or call (507) 
645-5633. Don 't let pronuncia­
tion stop you. Say "Shell-Doll." 

S h . Id I ELECTR I C A L c 19 ah 1 PRODUCTS 
DIVISION 

G. T. SCH.IF.lOAHl COMPANY • NORTHFIELD. MINN ESOTA 55057 • PHONE 507 -645-5633 

Circle No. 225 on Reader Service Card for more information. 



AL!Jff. - BAR # 

·c 1nsu1ated 
ce:cami G~ade 

Ref e~ence VJ . :c e 
Platinum . _.1 _____ .... , 

EXCLUSIVE! 
(you can 't get it from anyone else!) 

Secon's way out front this time. 
This wire and insulation are designed 
for the resistance thermometer field . 

We are the only producer of refer­
ence grade platinum that can supply 
it with a ceramic insulation, that al­
lows the wire to be fully recrystallized 
.without harm to the insulation. The 
ceramic insulated wire can be sup­
plied as small as .0007". The ceramic 
insulation handles temperatures in 
excess of l 500°F . We also straight­
draw bare reference grade platinum 

wire to a diameter of .0005". Con­
ventional insulations are also avail­
able. 

If your requirements are for high 
quality, reference-grade platinum, 
bare or insulated, you will want a 
copy of our brochure on wire prod­
ucts for resistance thermometers . It 
lists the physical and electrical prop­
erties of available materials. 

Please write on your letterhead; 
no obligation of course. 

SECON 
METALS 
CORPORATION 

7 INTERVALE STREET, WHITE PLAINS, N.Y. 10606 • (914) 949-4757 

Circle No. 226 on Reader-Service Card for more information. 

Two Limit Comparator allows high/go/low decisions 
on d·c voltage, a-c voltage, d-c current or res is­
tan ce (depending on plug-in). The Model 3434A 
gives lighted indications to eliminate need for 
operator decision. Relay closures are provided. 
Com pariso n accuracies are typica ll y better than 
± 0.05 percent for d-c, ± 0.12 percent for a-c and 
± 0.25 percent for resistance. The co mparison cir-
cuits sa mple continuously at 15 decisions per 
second or upon command. Hewlett-Packard Corp., 
1501 Page Mill Rd., Palo Alto, Calif. 94304. 

CIRCLE NO; 579 

EQUIPMENT 

Hall Effect Test Set has elec tronic regulation of 
sa mple or con trol current between l ma and l 
amp. The Model 1000 is intended for meas ure­
ment of the Hall coefficient of materials or the 
eva luati on of Hall effect probes. The magnet ic 
fi e ld can be adjusted quickly from low va lues 
to in excess of 10 kilogauss. A high-linearity 
Hall probe is included. Ohio Se mitronics, Inc., 
1205 Chesapea ke Ave., Columbus, Ohio 43212. 

CIRCLE NO. 580 

Tools and Production Aids 

Micrometers have digital readout to 0.001 inch with 
parallax-free vernjer readings of 0.0001 inch. 
Ranges are from 0 to l inch to 11 inches to 12 
inches. All models are ratchet operated and 
have nonrotatin g measurement spindles. Car­
bide tips are s tandard. Price of the 0- to I-inch 
model is $85. The Dyer Co., Oberlin , Ohio. 
44074. CIRCLE NO. 581 

Welding and Soldering Equipment 

I~=== IT I I 

A-C Welding Power Supply has djgital selectors for 
phase shift and pulse length. Pulse length of the 
Model HAC-2 is va riable in 1/2-cycle incre­
ments from 1/2 to 5 cycles. The new supply is 
suitable for welding, brazing and reflow solder­
ing. Hu ghes Welders , 2020 Oceanside Blvd ., 
Ocea nside, Ca lif. 92054. CIRCLE NO. 582 

-~ochn 
FLUOROLIN* 
TAPE 

•insulates 
•protects 
•holds better 

in tough 
electrical 
applications 

it's Teflon® on the 
outside ... sticky 
on the inside. 
Dependable electrical systems 
require dependable insulation 
and protection. Joclin Fluorolin 
Tapes, produced by the origina· 
tors of pressure-sensitive Teflon, 
are a combination of the unique 
electrical properties of Teflon 
and the long-life adhesion of 
silicone. 
HIGH DIELECTRIC PROPERTIES 
RESISTANCE TO TEMPERA-

TURES FROM -100° to 500°F. 
QUICKLY, EAStLY INSTALLED 
CHEMICALLY INERT 
WIDE RANGE OF TYPES AND 

WIDTHS up to 15" 
For every electrical application -
and mechanical too-commercial 
or military, Fluorolin Tapes -
glass-impregnated, aluminum 
backed or plain Teflon - by 
Joclin can be counted on for de­
pendable performance. 

Write for NEW 
Free Application 
Data Fil!! . 

~~!~ 
•Reg. TM ®TM Reg. DuPont 

Circle No. 227 on Reader-Service 
Card for more information. 



only 

ROTRON 
makes the famous 

AXIMAX®FANS! 

aximax 1 
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AlRVOlUMl-CfM 

aximax 3 

25 50 75 100 125 150 175 
AlRYOLUMl - Cflil 

Specifically designed for cooling "black 
boxes" in airborne and missile applica­
tions, the Aximax 1, 2, and 3 fans provide 
from 23 to 165 CFM of air flow with mini­
mum space and weight requireme nts. All 
three fans are designed to provide maxi­
mum service life and reliability under ad­
verse environmental conditions. 

23 CFM-Aximax 1 
60 CFM-Aximax 2 

165 CFM-Aximax 3 
• Size: !.SD. x l.4" L.-Aximax 1 

2" D. x l.S "l.-Aximax 2 
3" D. x l.S" L.-Aximax 3 

• Constant or Variable Speed Motors 
• 115 or 200 VAC, 400 CPS, 1 or 3 Phase 
• Reversible Airflow 
• Meets Applicable Mil. Spec. 

Write for complete data ·1 ROTRON MANUFACTURING 
COMPANY, INC. 

WOODSTOCK, NEW YORK Oriole 9-2401 
West Coast: Rotron / Pacific, Clendale, Calif. 
Canada ~ Aetovox Canada ltd ., Hamilton, Ont. IOJION ® Rotron Europa (N.V.) Breda, The Netherlands 

Circle No. 228 on Reader Service 

Card for more information. 

Miscellaneous 

Laser Modulator, Mode l 10, is a multi p le c r ysta l 
dev ice t ha t operates at low mod ulation voltages. 
It has a n ope rating ba nd width of 1 Hz to 100 

MHz. Both te mpe ra ture a nd piezoelect ric e ffect 

ha ve been red uced o r co mpe nsa ted a nd as a 
res ult , freque ncy response is no mina lly fla t 
across the e ntire ba ndwidth. Beckma n & 
W hitley, 441 . W his man Rd. , Mounta in Vie w, 

Calif. 94040. CIRCLE NO. 583 

TV Camera System fo r low light-leve l a pp Ucations, 

is 100 times more sens itive than a n image 

o rthi con ca mera. The " Secon" ca me ra has a 
limiting resolution of 600 lines a t 5 x 10-3 ft. 

ca ndle photoca thode illumin a tion (200 lin es 
a t 5 x JO·'• fl .ca ndl e) . a nd is ava ilab le a l a 11 i 
lin e sea nni nlJ: ra te be twee n .52.5 a nd 945. Wes t­

inghouse Ne w Produ c ts Div .. Box 8606, Pitts­
burgh, P a. 1522 1. CIRCLE NO. 584 

CRT Analyzer/Rejuvenator, Model C R-35, can c heck 

a ll black and white and color tubes, inc luding 

11-, 16- and 19-inc h types. T es t voltages are 

continuously vari a ble and me te r mo nitored . An 
SCR circ uit is used in the heate r voltage s upply. 
Hic kok E lectri ca l I ns trume nt Co. , 10514 Dupont 

Ave., C le veland , Oh io 44108. 
CIRCLE NO. 585 

High Q 
for your 
(small) space 
requirements! 
The Johanson 4700 Series Variable 
Air Capacitors provide, in micro­
miniature size, the extremely high Q 
important in demanding aerospace 
applications. In addition , the ultra­
rugged construction of the 4700 
Series capacitors assures highest re­
liability in the most critical environ­
ments. 
• Available in printed circuit, turret 

and threaded terminal types . 
• Meets Mil Specs for salt spray 

requirements . 
• Features 570° solder, which 

prevents distortion and is not 
affected by conventional 
soldering temperatures. 

SPECIFICATIONS 

Size: Vs " diameter, Y2" length 
Q@ 100 MC: > 5000 
Q @ 250 MC: > 2000 
Capacity Range: 0.35 pF to 3.5 pF 
Working Voltage : 250 VDC 

(Test voltage, 500 VDC) 
Insulation Resistance: > 106 Megohms 
Temp. Ranges : - 55°C to 125°C 
Temp. Coefficient : 50 ± 50 ppm/° C 

WRITE TODAY 
FOR FULL DATA. 

MANUFACTURING 
CORPORATION 

400 Rockaway Vallev Road , Boonton, N. J . 07005 (201) 334-2676 

Circle No. 229 on Reader Service Card for more information. 

Color TV is pri ced unde r $200, weighs onl y 24 lb 
a nd has a 60-sq-inc h pic ture. An " in-1.ine" pic ture 

tube a llows s implified c irc uitry that gives improved 

re liability and reduced cos t and we ight. Ge ne ral 
E lectric, C ons ume r Electronics Div., 570 Lexington 

Ave. , Ne w York. N .Y. CIRCLE NO. 586 



Big performance 
in small space 

TYPE W 
Up to 54 pf, 

0.62 sq . in. mtg. area 

Johnson increases U capacitor plate 
area, keeps same overall dimensions 

Sub-miniature Type U capacitors now provide 28% 
more capacitance in the same compact package that 
takes less than 0.2 square inches of mounting area. 
Type V miniature and Type W capacitors, available 
in higher capacities, are also unusually compact. 

Unique Johnson milling technique permits ma­
chining each rotor and stator from a single piece of 
solid brass. This provides exceptional uniformity 
and stability, both mechanically and electrically. 
"Q" is greater than 1500 at 1 MHz. Temperature 
coefficients are typically plus 45 ± 15 PPM / °C. 
Breakdown ratings 650 volts DC. 

Johnson Type U, V, and W capacitors are avail­
able from stock in a wide range of sizes. Type U 
single section in PC, panel, or two-hole mounting. 
Type U butterfly and differential in PC mounting. 
U-LC tuners in PC or panel. Type V and Type W 
single section in PC or panel mounting. 

FREE CATALOG includes complete informat.ion 
on these and other Johnson quality electronic com­
ponents. See your Johnson representative or write 
for your copy today. 

~. 
E. F. JOHNSON l:OMPANY 

2917 Tenth Ave. S. W., Waseca, Minn. 56093 
Providing nearly a half-century of communications leadership 
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Engineers Meet 

MAY JUNE 
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28 29 30 31 25 26 27 28 29 30 

SOCIETY FOR INFORMATION DISPLAY (SID), EIGHTH 

NATIONAL SYMPOSIUM AND EXHIB IT, May 24·26, 

Jac k Tar Hotel, San Francisco, Calif. Contact: 

J e rry T. Lewis, R egis tration Chairman , Stanford 

Research Institute, Menlo Park, Calif. 

13TH NATIONAL AIO.JSA ANALYTICAL IN ST RUMENT 

SYMPOSIUM, May 3l ·June 2, Statler Hilto n H otel, 

Los Angeles, Calif. Contact: Al H. Smallbone , Ap­

pli ed Researc h Labs., 3710 Clifton Pl. , Glendale, 

Calif. 91208. 

AMERICAN SOCIETY FOR QUALITY CONTROL, 21ST 

ANNUAL TECHNICAL CONFERENCE ANO EXHIBIT, 

May 31-June 2, Palm er House , C hi cago, Ill. Con­

tact: R egis tration Chairman, American Socie ty for 

Quality Control, 161 W. Wisconsin Ave., Mil­

waukee, Wis. 53203. 

IEEE SYMPOSIUM ON MANUFACTURE OF I NTE­

GRATED CIRCUITS, Jun e 5 , Un ited Engineering 

Center, N e w York, N.Y. Contact: Miss B. S. Hines, 

Symposium R egistration Coord inator, 7830 Has­

brook Ave. , Philadelphia, Pa. 19111. 

I TEGRAL ELECTRO ICS TRAI ING PROGRAM 

(ARINC Research Corp.), June 5-8, Orl an do , Fla. ; 

Sept. 18-21 , S eattle, Wash.; Oct. 16-19, Toronto. 

Contact: Donald L. Rowe , Manager, Educational 

Programs, ARI C Researc h Corp. , Annapoli s, 

Md. 21401. 

SEMICONDUCTOR MATERIALS AND TECHNOLOGY 

SHORT COU RSE, Jun e 5-9 , Steve ns Institute of 

Technology, H oboke n, N . J. Contact: Lynn J. Mer­

rill, Asst. to th e President, Stevens Insti tute of 

T ec hnology , Castle Point Station , Hoboken, . J . 

07030. 

MODERN ASPECTS OF COMMUNICATION THEORY 

SHORT COURSE, Jun e 5-16, Purdue Unive rs ity, 

Lafayette, Ind. Contact: Prof. John C. Lindenlaub, 

School of Electrical Engineering, Purdue University, 

Lafayette, Ind. 47907. 

SECOND SYMPOSIUM ON DEPOSITIO OF THIN 

FILMS BY SPUTTER ING, sponsored by American 

Vacuum Society and University of Rochester, 

Jun e 6·7, University of Rochester. Contact: R oger 

D'Aprix, Consol idated Vacuum Corp., 1775 ML 

R ead Blvd., Roc heste r , N.Y. 14603. 

MICROWAVE EXPOSITION/67 , June, 6-8, New York 

Coliseum, Contact: Austin G. Cragg, Microwave 

TRIGGERED 
SPARK GAPS 
FEATURE 

HIGH EN·ERGV 
SWITCHING 
UP TO 6,000 JOULES 

- J. -- -
TG-224 
MADE IN U.S.A., 

4na.l.i1e 

Signalite introduces six new additions to its family of 
adjustable triggered gaps. The TG-221-226 series provides 
an operating voltage range of 500V to 55,000V with energy 
handling capabilities up to 6,000 joules. A new ceramic 
body design offers longer life at higher operating 
temperatures. 

They're part of Signalite's complete 
line of over 300 two-electrode and 
triggered spark gaps . .. 

Write for detailed bulletin. ' 

INCORPORATED 
NEPTUNE, NEW JERSEY 07753 

Telephone: (201) 775-2490 
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MONOLITHIC 
KILOVOLT 

DIODE 
New horizons of high voltage diode 
properties have been established by 
the introduction of a monolithic 
chip having breakdown ratings from 
1 Kv. to 8 Kv. 

These high voltage characteristics 
are built into a single crystalline 
structure in a glass axial lead pack­
age by a unique multidiffusion proc­
ess. Resulting electrical properties 
of Semicon's new High Voltage 
Diodes are: 

IR= 25 nanoamps@ 8 Kv. 
CJ max. = 1 pfd. @ 0 volts 
Cj typ. = 0.2 pfd.@ 8Kv. 
T RR = 200 nanosecs. max. 
V1 = 10 volts max. @ 15 Ma. 

Designed specifically for Voltage 
Multipliers, the combination of low 
junction capacitance , low reverse 
current, low forward voltage, and 
fast recovery makes these diodes 
ideal for laser and flash tube power 
supplies, fiber optic image ampli­
fiers, ion pulse sources, radiation 
and pulse detection, deflection sys­
tems, solar plasma experimentation 
and infrared and RF power supplies. 

Write for Bulletin 651A 

· T-omw', Nu d,{Todo,', D~"" ti! l 
<> "' ~v . c ~ 

Sernicon 
INC. 

Sweetwater Ave., Box 328, Bedford, Mass. 01730 
Tel : (617) 275·8542. TWX: 710-3 26-191 9 
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Expositions, Inc., 100 Avenu e of the Ame ricas, 

New York, N.Y. 1001 3. 

1967 CONFERENCE ON LASER E GI NEERING AND AP­

PLI CATION (IEEE a nd Optical Society of Ameri ca) , 

June 6-9, Washin gton Hilton Hotel, Washington, 

D.C. 

PR EC ISE DETERMI ATIO OF PRESSU RE/DEPTH 

IN THE OCEA NS S YMPOSIUM (Marine Tec hnology 

Soc iety Ocean ographic Instrum entation Commit­

tee), 1 une 8, El Co rtez Hotel, Sa n Diego , Calif. 

Contact: Kenn eth V. Mackenzie, Head, Deep Sub­

mergence Group , Scientific Dept. , Code 3119, U.S. 

Navy Electronics Lab., San Diego, Calif. 92152. 

THIRD ANNUAL JEEE INTERNATIONAL CONFEHENCE 

ON COMMUN ICATION S, June 12-14 , Minneapoli s , 

Minn . Contac t: Dr. Robe rt J. Collins, Technical 
Program Chairman, Dept. of Electrical Engineer­

in g, University of Minnesota , Minneapolis , Minn. 

13th NATIONAL ISA AEROSPACE INSTRUMENTATION 

SYMPOSIUM , June 13-16 , Hotel Del Coronado, San 

Diego, Calif. Contact: John A. Hu ghes, Conva ir 

Div. of General Dynamics, Dept. 961-1, Box 1128, 

San Diego, Calif. 92112. 

ENG INEERI NG SEMI NAR, FLAT CABLE-PRES ENT 

AN D F UTURE , June 20 , Ha ncock Auditorium , Uni­

versity of South ern California , Los Angeles. Pre­

sented by the Institute of Printed Circ uits in co­

ope ration with th e Sc hool of Engineering, Unive rsi ty 

of So uthern Califo rnia. Sponsored by EDN Maga­

zine. Contact: Jim Rose, ED Wes tern Editor, 

5670 Wil shire Blvd., Los Angeles, Calif. 90036. 

Phone: 213 933-9525. 

Call for Papers 
I EEE ELECTHON ICS AN D AEROS PACE SYSTEMS 

T EC H ICAL CONVENTIO N (EASTCON '67), Oct. 

16-18, Sheraton Park Hotel, Was hin gton, D. C. 
EASTCON provides an annu al na tional forum for 
th e exc ha nge of info rmati on on Aerospace and 

Elec tronics Sys te ms Tec hnology. The compre­
hens ive tec hnical program s hould be of interest 

to alJ enginee rs co ncerned with sys tems. The tech­

nical program wi.11 be selec ted to present th e la test 
developments in theory, techniqu e a nd equipme nt 

that are pertin en t to th e design and opera tion of 

electronic a nd aerospace sys te ms. Contributed 

papers coverin g original work are inv ited in th e fo l­
lowing broad a reas : Radar a nd T rac king; Co m­

munications; S ignal Process in g; Instrume nta tion; 

av igation; Sys te ms Engineering; Energy Con­

versio n, a nd Integrated Elec tro ni cs. S ubmit four 

co pies of your abs t rac t (about 500 words) by June 1 

to: Dr. Donald R. Hagner , BELLCOMM, Inc., 1107 

17th S t., N. W., Was hington, D. C. 20036. 

POLYSULFONE 
ISTHE ONE 
THAT DOESN'T 
SHOW ITS AGE. 

But still has some new 
wrinkles to show you. 

•o 

TENSILE YIELD STRENGTH 

HEAT DEFLECTION TEMPERATURE i264PSll 

TENSILE IMPACT STRENGTH 
(SHORT SPECIMEN! 

12 IS 18 11 24 

DURATION Of AGING. MONTHS 

EFFECT OF HEAT AGING AT 300 ° F ON 
THE PROPERTIES OF POLYSULFONE. 
TESTS MADE AT ROOM TEMPERATU RE 
ON EIGHTH-I NCH THICK SPECIMENS. 

BAKELITE Polysulfone has a nice way 
about not showing its age. Even at 
high temperatures (well above 
300 ° F) it retains its physical pro­
perties for years. No other structur­
al thermoplastic, or die cast zinc 
either, can make that statement. 

Also low temperatures down to 
-150° C don 't bother it a bit. 

It's also the themoplastic that: 
• Has 150°C Ultemperaturerating. 
• Exhibits the lowest creep (cold 

flow) of any engineering thermo­
plastic. 

•ls self extinguishing. 
•Has very low mold shrinkage 
. yielding exceptional precision in 

molding. 
•Can be metal plated or painted 

with ease. 
•Gives you all this at less cost than 

many metals. 

For all the information on BAKELITE 

Polysulfone, write to • 
Union Carbide Corpo- • 
ration, Dept. EON ·5, • · : • 
270 Park Avenue, New PLASTICS 
York, N. Y. 10017. 
BAK ELI TE 1s a reg istered trademark of Unio n Carb ide Corporation. 
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What Do You Get 
When You Cross 
A Standard VIG Filter 
With 
A Compact VIG Filter? 
Selective inbreeding, you might call it, produces a hybrid two­
stage YIG filter that combines the noblest features of both our 
standard and compact fi lter lines. This has proved true in the 
W J-634, latest top performer in the ruling dynasty of YIG 
devices from W -J. Here is what you get, also measured in 
fractions of inches and in ounces -

Other members of this hybrid YIG filter family come in two­
stage, dual two-stage and four-stage configurations available 
in frequencies from 500 MHz through 18 GHz. 

Guaranteed Specifications -WJ-634 

Frequency Range 
Insertion Loss 
Tuning Power 
Switching Time Constant 
Dimensions 
Weight 

WATKINS 

1.0-2.0 GHz 
3 dB Max. 
0 .3 Watts Max. 
l 00 Microseconds 
2 .65 X 3.11 X 2.85 Inches 
30 Ounces 

•JOHNSON 

3333 HI LLVIEW AVENUE 
STANFOR D INDU STRIAL PAR K 
PALO ALTO, CALIFOR NIA 94304 
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Computer Logic 
Circuit 
Characteristics 
Tabulation 

Fourth Edition; February-J uly 1967; D.A.T.A., Inc., 
32 Lin coln Ave., Orange, N. ]. 07050; $32.50, I-year 
subscription U.S. and Canada; elsewhere, $33.50. 

The versatility of D.A.T.A.'s tabulated information 
can be described be t by listing the eight questions 
that ca n be answered by prope r use of thi s material. 

l. Looking for a c irc uit meeting certain electrica l 
or mechani cal requirements? 

2. Need the c haracteristi cs of a type number? 
3. Want lo know the manufacturer(s) of one or 

more type numbers? 
4. Need subst itution poss ibiliti es for a type 

number ? 
5. Looking for the package configuration or dim en­

sions of a type number? 
6. Want to see the logic function and/or schema tic 

of a type number? 
7. Interested in th e approximate price of a type 

number? 
8. Are you puzzl ed to discover that the kind of 

circuit you want is not shown as such in th e 
contents? 

A s mall amount of homework will provide a solution 
for most circu it information needs that an engineer 
may encounter. We th ink you'll find the $32.50 cost 
is s mall compared to th e value received. 

Technical Report 

The fo llowing report can be obta ined by send ing 
$0.70 lo the Superintendent of Doc uments , U.S. 
Government Printing Office, Washington, D.C. 
20402. 

"Selected Elec tronic C irc uitry-A Report" , 
NASA SP-5046, contains 102 pages of in fo rmation 
on the fo llow ing solid-state circu its; amplifiers, 
osci ll ators, multivibrators, power supplies, wave 
shap ing, temperature compensation, control and 
s pec ialized computer. Each of the preceding cate­
gories is a complete chapter in wh ich many types of 
circuits are discussed. 

Engineers wi ll fi nd this book useful as a source of 
refere nce when quic k look-up information is needed 
for a particular circ uit configuration. 

NEW from BRANSON -

T0-87 RELAY 
This T0-87 size relay c reates new design 
flexibility and capability i n low profi le ap­
plications including c ircuit boards, packag­
ing with semiconduc tors, part of integrated 
circu its and hybrid devices, etc. The T0-87 
DPDT relay, rated at 1/4 amp. at 28 volts, 
measures 3/ 8" x 1/ 4" x 1/ 10" and weighs 1 
gram. It is hermetically sealed and exceeds 
all applicable MIL spec ifications. 

Send For Complete Detailed Specifications 

OTHER BRANSON PRODUCTS •• 

I 
SOLID STATE 4 POLE 

TIME DELAY RELAY 1/ 6 SIZE RELAY 

6 POLE OT 
CRYSTAL CAN RELAY 

V2 CRYSTAL CAN 
4 PDT RELAY 

Circle No. 235 on Reader Service 

Card for more information. 
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THE HIGHLY RELIABLE, LOW COST 

[p)[f a Uilfr®~fr® 
standard and latching 

magnetic relays 
• NO SPRINGS • NO WI RI NG 

• NO SOCKETS • NO SOLDERING 

• NO MECHANICAL LINKAGE 

Plugs into your PC Board. Uses Plated 
Conductors as the fixed contacts. 

Exclusive PRINTACT design saves 
space, weig ht, cos t and in stallation time 
.. . with excellent reliability. 100 mil­
lion cycles mechanical life, rated for up 
to 10,000,000 cycles depending on load 
from dry circuit to 2 amps, res. Coils 
available for 6, 12, 24 and 48 vdc. Time: 
7to10 ms. Temperature: -30 to + 95 °C. 

Quality features include : double-break 
contacts ; balanced armature, en closed 
hou sing, plug-in application; encapsu­
lated coil ; self-wiping contacts and i n­
herent snap-action. Weight: 1 oz. in 
compact % "cube. 
• Switches up to 4 form A plus B, or 4 form C. · 

For more data and prices, write: 

freiiflm 
PRINTACT RELAY DIVISION 

47-37 Austell Place 
Long Island City, N.Y. 11101 

Circle No. 260 on Reader Service 
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Communication Systems 
And Techniques 

By Mischa Schwartz , William R. Bennett and Sey· 
mour Ste in ; McG raw-Hill Book Co., Inc., 330 W. 42nd 
St. , ew York , N. Y. 10036; 618 pages; $16.50. 

This is the fo urth volume in McG raw-Hill 's Inte r· 
Univers ity Electro ni cs Seri es and is written in three 
parts. Part 1 summarizes the fund amental as pects of 
modern co mmuni ca tion theory and develops applica· 
Li ons to pulse and CW systems. Part 2 deals with 
modern co mmuni cations systems, including AM, FM 
and pulse modulation. Part 3 presents many theore· 
t ic.al aspec ts of digi tal signaling. Although the 
trea tment is theoretical, emphasis is placed on ex· 
plaining the models being employed and on tech· 
niques of performa nce analysis that lead to useful 
solutions. Much of the material is presented in 
highly sophisti cated mathematical form ; however, 
the text is studded with ph ys ical inte rpretations. 
Many summaries of s ignificant res ults, as well as 
frequent charts and graphs, should make the book 
useful to engineers searching for solutions to their 
communi ca tions problems. 

Antennas 

By Lamont V. Blake; John Wiley & Sons, 605 Third 
Ave., New York , N.Y., 10016; 415 pages; clothbound ; 
$6.95. Also available paperbound at $3.95. 

Design engi neers may find this book unique in that 
it is a complete text on antennas. The tex t fills the 
need fo r a book on antennas on the profess ional level, 
ye t is co mprehensible to the engineer who is not a 
speciali st in the fi eld of antennas. 

Both antenna theory and prac ti ce a re cove red 
from the lowes t frequency to the microwave ranges. 
T he lates t developments such as the log-periodic­
broad-bandwidth antennas and low-noise, space­
co mmuni ca tions antennas are discussed. 

Transformers 
For Electronic Circuits 

By Nathan R. Gross ne r; McGra w-Hill Book Co., 330 
W. 42nd St. , New York , N. Y. 10036; 321 pages; 
hardbound, $14. 

This book was written by a transform er des ign 
enginee r to aid c ircuit, sys tems and standards engi· 
neers in th e selection of transform ers. It is not a 
des ign manua l. 

Such recent advances as conductive hea t shields 
and eva porative cooling a re treated , as is the use of 
new core mate ri a ls like supermendur and ferrites . 

Compli ca ted equations and masses of des ign da ta 
have been avoided in keeping with the book's in­
tended use. Emphas is has, ins tead, been concentrated 
on basic principles and fundam ental relationships. 

Juke Box 

THERMISTORS 

Micro-wave 
Instrumentation 

a 
0 
·o· 
~ Computer 

Xerox 2400 Copier / Duplicator 

Martin Soft Landing Re-entry Veh icle 

BEADS • BULBS 

DISKS • WASHERS 

GLASS PROBES • RODS 

CRYOGENIC THERMISTORS 

SENSOR ASSEMBLIES 

THERMISTOR CATHETERS 

MILITARY GRADE 

THINISTORS® 
Thin film thermistors 

Digital Voltmeter 

From office business machines and juke boxes 
to computers and CATV distribution systems, 
engineers and designers have discovered that 
VECO thermistors can do the job better, with 
greater reliability and often at lower cost 
than conventional devices. 
If your products require PRECISE temperature 
measurement, control or compensation with 
FAST RESPONSE it will pay for you to investi­
gate VECO thermistors. VECO supplies a wide 
range of standard thermistors in various sizes, 
shapes, temperature coefficients and resist­
ance values. 
VECO's engineering staff is available to assist 
you in product application and circuit design. 
Write for Catalog MPG 681 

VECO First in Progress • First in Service 
J - 7739 

136 Springfield Ave .. Springfield, N. J. 07801 
Tel: 201•379-5900 TWX 710-983-440 
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Are you a designer of parts like these? 

Are you a producer of parts like these? 

Carpenter core irons combine 
design and production 
benefits previously 
unattainable. 

Before Carpenter introduced Free­
Machining Core Irons, designers 
and producers of parts like these 
had two choices: Select a core iron 
for optimum magnetic properties 
and pay the penalty of difficult ma­
chining. Or, select a machinable 
alloy and sacrifice end-use per­
formance properties. 

With some alloys, this situation 
still exists today. But not when you 
come to Carpenter! 

Carpenter offers three distinct 
free-machining grades which com­
bine predictable magnetic behavior 
with profitable production. In addi­
tion to Carpenter's widely accepted 
Silicon Core Iron "A-FM", Car­
penter recently introduced Silicon 
Core Iron "B-FM". Both alloys are 
backed by performance records of 
40 to 50% better machinability­
Carpenter also offers Stainless 
430F (Solenoid Quality), a free-

machining grade for applications 
demanding corrosion-resistant 
properties. -

Put an end to compromises. 
Specify a Carpenter Free-Machin­
ing Magnetic Core Iron. Call your 
local Carpenter Service Center for 
immediate attention to your re­
quirements . . . additional technical 
data if you wish it. The Carpenter 
Steel Company, 130 West Bern 
Street, Reading, Pa. 19603. 
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BOOKS 

The Radio Amateur's 
Handbook, 44th Edition 

Edited by Byron Goodman: American Radio 
Relay League, Inc .. New inglon . Conn.: 646 
pages; $4. 

Th e 1967, 44th edition of th e '"A RL' " hand­
book re prese nt s a continuous annual publica· 
lion since .1926. Almos t 4 million copies have 
been bough! not on ly by radio amate urs. but by 
e ngin eers a nd slud e nl s as well. Th e bas ic co n­
te nt of the book has n·1 c ha nged s ubstanliall ) 
over the yea rs except lo make necessary re· 
visio ns to upda le inform ation and inlruduce new 
C'o nce pts to keep ab reas l of !he s late-of-the-art. 

Fur exampl e, c hapte rs on radio co mmunica­
li ons th eory have bee n updated, eq uipm e nt 
conslru c t ion has been revised to includ e new 
des igns, and information on vacuum Lubes and 
semi co ndu clors has bee n brought up Lo date. 
Thi s las! seclitln. as has been lhe case in the 
pasl, provides one of the mosl comple te lis l· 
ings to be found between the covers of any boo~. 
A 14-page index adds lo the utility of thi s stand · 
a rd manual of a mate ur rad io communica tion, 
co nstruc tion a nd des ign . 

Technical Reports 

The followin g: lec hnica l reporl s a re ava ilabl e al 
$3 eac h. Cop ies can be obtained by sendin g: 
order lo Cleari nghouse. .S. Dept. of Com­
merce, Sp ringfie ld. Va. 22 1.SJ. 
Integrated S ili co n Dev ice Technology, Vol. XI. 
Bipolar T rans is lors: J. R. Hauser: Research 
Triangle lnsli tute: Durham, N.C.: AD-632 556. 

This report is tbe 111 h vo lum e of a series of 
reports on integral ed s ili con device tec hnology. 
The se ries is being prepared I n a id dC'sign and 
process e ngi neers. In 1his report, both bipolar 
lransislur !henry and ih e c haracle ri s lics and 
design of lra nsislors in ICs arc di sc ussed . 
Bo1h s mall - a nd la rge-s igna l models a rC' treated. 
a nd mode ls for gene ral impuril y profiles in the 
e mille r, base and co llec lor regions a re inc luded. 
The re pol"l a lso inc ludes a di sc uss ion of typ ical 
lran sislor s lru ctures. isola lion problems. 
topological des ign and muhipl e trans islor s truc­
lures. 

lnl cgrated S ilicon Dev ice Tec hnology. Vol. VI. 
Unipolar Trans islors: .J . R. Hauser: Researc h 
Trian gle ln slitute: Durham , N.C.; AD-613 9S l. 

This report discusses lhe theo ry a nd design 
parameters for FET's in !Cs. The first two 
sec tions di sc uss 1heory a nd c harac le ri s ti cs of 
junetio n and MOS devices. The nex t sec tion 
covers desi~n consideration s for FET's in !Cs. 
This includes iso la tion problems. topo logica l 
design and co mpalibilit y. Tl1e las l sec tion 
discusses so me poss ible c irc uil applications. 



Design 
sophistication 

into your 
career ... with 

one of 
these jobs 

STANDARDS ENGINEERS 
Will formulate and develop specifica­
tions, standards, and data sheets on 
components, chemicals, materials, and 
finishes. Will also evaluate new com­
ponent parts, metallic and non-metallic 
materials, and finishes for Xerox prod­
uct applications. Previous experience 
in the field of standardization preferred. 
BSEE, BSME, or BS Chemistry. 

ANALYTICAL ENGINEERS 
Openings exist in a rapidly expanding 
analytica l design and consulting depart­
ment. Work on major xerographic de­
velopment programs will involve system 
simulations, circuit optimization, dy­
namic and kinematic analyses, heat 
transfer, stress analysis, mechanism de­
sign, control system synthesis and opti ­
mization, using digital and analog com­
puter techniques. Experience preferred 
in electro-mechanical development, de­
sign, analysis, or testing. Digital or 
analog computer experience highly de­
sirable. Advanced degree in mechanical 
or electrical engineering with good ap­
plied math backg-round preferred. 

CONTROL SYSTEMS ENGINEERS 
To design, develop, and test complex 
control circuitry related to high speed 
printers and other products related to 
business systems. Requires experience 
and knowledge of high intensity illu­
mination systems, solid s tate controls, 
machine electro-mechanical controls, 
analog and digital circuitry, and early 
design and development, testing, and 
trouble shooting. BSEE and/or MSEE. 

SOLID-STATE 
DEVELOPMENT ENGINEERS 
To be involved with new development of 
integrated circuits for business machine 
applications. Previous experience should 
include development and manufacturing 
of transistors, integrated circuits, and 
other applicable microelectronic com­
ponents. BSEE or Physics. 

These positions are in Rochester, New 
York. Please forward your resume, in­
cluding salary history, in confidence to 
Mr. Ralph T. Orrico, Dept. YZT-129, 
Xerox Corporation, P . O. Box 1540, 
Rochester, New York 14603. 

XEROX 
An Equal Opportunity Employer ( m/ f ) 

Engineers ••• 

You'll be doing 

The first regular production models of the 
Xerox 2400 were delivered in late 1965. 

This of course pegs its breadboard photos 
as "ancient history." 

Then why drag them out now? Because we 
can't show you today's breadboards, as 
much as we'd like to. 

But re-examine them in light of these facts 
about the 2400. Never before the 2400's 
introduction had it been possible to elimi­
nate all distinction between office copying 
and short-run duplicating-to wed printing 
and imaging. Never before had a way ex­
isted to reproduce messages on paper as 
fast as this, as conveniently as this and as 
cheaply as this, without first creating a 
usable master (type, plate, stencil, etc.) 
from the original document. For with the 
2400 it's just-pick a number from 1to499 
... push a button and 40 clean copies a min­
ute with no steps between original and 
copies ... except for some pretty unusual 
electrical/mechanical/ optical processes 
quietly flying through their routines under 
the metal housing. With a kind of preci­
sion and reliability that only an engineer 
will fully appreciate. 

Like we say, as breadboards go, the 2400 
is definitely past tense. Some other things 
we're doing here - computer related data 
and document systems, for example - defi­
nitely aren't. 

If you've been designing or developing 
complex servomechanisms, electromechan­
ical systems, or specific products for 
graphic communications, major appli­
ances, missiles or automobiles, we'd like to 
talk with you about some newer bread­
boards. The primary requirement is that, 
beyond your engineering degree, you can 
point to a record of achievement and 
demonstrate your ability to approach non­
standarcl problems in non-standard ways. 

Specific openings are outlined at the left. 
If they suggest a community of interest, 
send us your resume. 

some fancy breadboarding 
to make it look this simple. 

[ 
XEROX 

24'00 ANO XEROX ARE TRADEMARKS OF XEROX CORPORATION 

AN EQUAL OPPORTUNITY EMPLOYER (M/ F) 
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SIGNALS AND NOISE 

Cost Analysis Reanalyzed 

Ge ntl e men. 

The articl e, "IC Re liability - Whal Does lt Cos t?", 

by H. T . Go in th e March 1967 iss ue of EDN con­

ta ins a co uple of errors on p. 42 in th e cos t an a lys is 

of s in gle and multi c irc uit a rra ys. In th e cost equa­

tions, th e initial te rm (th e wa fe r-process ing invest­

me nt pe r c hip) a lso s hould be divid ed by yield a fter 

e ncaps ula tion , as yield losses durin g enca ps ulation 

res ult in loss of process ing in ves tm ent as we ll as 

e ncaps ula tin g inves tm e nt. The res ultin g inequalit y 

for cos t a na lys is is as follow s : 

IL s hould a lso be not ed tha t th ere is a typo­

graphi ca l e rror in th e de nom ina ti on of firs t te rm 

within th e brac ke ts on th e ri ght-hand s ide of th e 

inequality. Thi s te rm s hould co nta in r;,, no.l ~1 • . 

Ri c ha rt A. S toltz 

Processes & Syste ms 

T l"c hn ology 

Wes tin ghousl" Elec tri c Corp. 

Pitt sburgh. P a. 

Editor's Note: The a uthor agrees with th e co rrec­

ti ons made by Mr. S tolz. 

Overheard at IEEE 

Three engineers li s tenin g to an IEEE pape r 

presentation- the firs t one sa id , " The talk 

s ure is wind y." The seco nd ma n re plied. 

'No, it 's Thursday." Th i" third e ngin ee r 
c himed in , ··rm thirs ty, too -l l" t 's s top at 

the bar and have a drink ." 

More Mathematical Mumbo-Jumbo? 

One of our a uthors. Mont y Walke r, has bee n ob­

se rvin g th e math e ma ti ca l (?)gam es on th ese pages. 

He indicates that man y more ca n be found in a book 

by E. A. Maxwell , " Fallacies in Mathe matics", 

Cambridge Univers it y Press, co pyright 1959, re­

printed in 1961. 

TWIRKS 

He re's a tri c ky little puzzle r th a t mi ght amuse you. 

You a re give n th l" firs t word and the las t word of a 

se ries. say T UBE and ZONE. By c hanging onl y one 

le tt er a t a s te p. a nd makin g a ne w word a t eac h 

s tep (no proper names alJowed), arrive a l th e last 

word in a s pecifie d numb er of s te ps. For example, 

in four s te ps. 

T UBE , T UNE, DUNE, DO E , ZO NE 

For a noth er , HEAD lo TAIL in five s te ps: 

HEAD, HEAL, TEAL, TELL, TALL, TAIL 

Now , try your luc k with this one . 

HATED to MISER in fiv e s te ps. 

We' ll give you th e a nswer lo thi s one in next 

month 's co lumn. In th e meantime, send us yo ur 

so luti ons if yo u wi sh a nd a lso yo ur TWIRKS. We'll 

print th e bes t ones and credit you for th e m. 

Driving Too Close? 

Dea r S ir: 

l be li eve th a t tl1 e caption of th e top photograph on 

p. 16 of th e March 1967 iss ue of EDN (" Leave the 

Dri ving to Solid State") is in e rror. If it ta kes l 

nsec for a li ght s ignal lo re turn to LADAR de tec tor , 

I think th e ta rget is about 6 in c hes fro m th e tran s­

mitter a nd not 100 ft. 

Editor's Note 

T. H. Bridge man 
C utl e r-H a mml" r 

Dee r Park , L.l. , N. Y. 

We goofed. Ac tuall y th e infrared light pu lses 

travel from the Lransmiller a t a s peed of I ft/n sec. 

A round trip (ta rget 100 ft awa y) takes 200 nsec , 

whi le one wa y, or the re turn trip , takes 100 nsec 
- not l nsec . Sorry! 

Series Progression Problem 

Ques tion: What is th e next number in th e 

fo llowing seri es ? 14, 23, 28 , 33, 42 , 51 , 59 , 

68 , 77' 86, 96 , 103, ll 0, 116, ? 

An s wer: 125 . These are th e Lexin gton 

Ave nu e sub way s lops on th e Ne w York 

IRT s ubway sys te m. 125th St reet is the 

s lop aft e r 116th Street whe n heading north . 

With lu c k, yo u' ll ge t a seal. 

,... I"'\"' "" ...... .. i a c....., 



Need a Resume? Sam's Our Man! 

Sam Shata vsk y, EDN's Eastern Editor , passed 

res ume writing with fly ing colors. In the Great 

R esume H oax conducted during th e recent IEEE 

ga therin g in N ew York , by C areer s, Inc. , Sam 's 

res ume of a man with a stron g back ground in 

" des ign of systems takin g into account th e rol e of 

the human being in the use of machines to mee t an 

end f unctional objec tive" convinced 14 out of 18 

professional recruiters that they would like to talk 

furth er to th at desi gner. Sam's quantization of th e 

centralized moti va ti on elucidated in extraper cep­

tionary terms won Rube Goldber g, cartoonist , an 

entry into 14 firms. That's real editing ! 

"Eclipse of the Sun" -
A study in message transmission. 

• Colonel to Executive 

At 9 o'clock tomorrow th er e will be an eclipse of 

the sun , so mething which does not occur ever y day. 

Get th e men to fa ll out in the compan y stree t in 

their fa tigues so th at th ey will see this rar e ph e­

nomenon , and I will explain it to th em. In case of 

r ain , we will not be able to see anythin g, so ta ke 

th e men to the gym. 

• Executive to Captain 

B y order of th e Colonel , tomorrow at 9 o'cl ock there 

will be an ecl ipse of the sun ; if it rain s you will not 

be able to see it fro m th e co mpan y stree t , so th en, 

in fa ti gues, the eclipse of th e sun will Lake pl ace 

in th e gym , somethin g that does not occur ever y day. 

• Captain to Lieutenant 

B y ord er of the Colonel in fa ti gues tomorrow at 

9 o'clock in th e morning th e inaugura ti on of th e 

eclipse of th e surr will take place in th e gym. The 

Colonel will give the ord er if it should rain , so me­

thin g that occurs ever y day. 

• Lieutenant to Sergeant 

T omorrow at 9 the eclipse of th e Colonel in fatigues 

will take place by cause of th e sun. If it ra in s in 

ni ce day; if it rain s, th en in th e company stree t. 

• Sergeant to C orporal 

Tomorrow at 9 the eclipse of the Co lonel in fatiqu es 

will take place by cause of th e sun. If it rain s in 

the gym , something whi ch does not take place 

every day, you will fall oul in the company stree t. 

• Comments among Pri vates 

T omorrow, if it rain s, it looks as if th e sun wiU 

eclipse the Colonel in the gym. It is a shame that 

this does not occur every day. 

WHAT'S NEW FROM IEI ? 

A complete series of practical lec­
ture/workshop programs to sup­
plement your activities in all areas 
of supervisory training. 

Scheduled now in more than 40 
cities throughout U.S. and Canada ... 
available as in-company programs 
- "live," fil med, and video taped. 

OPERATIONAL SKILLS • HUMAN RELATIONS SKILLS 
MANAGING SKILLS 

SCIENTIFICALLY SELECTED TOPICS, determined by continuing studies 
of supervisors ' training needs in 25,000 companies, covering the 
entire spectrum of supervisory functions . 

ADVANCED TEACHING TECHNIQUES, including case study, role play­
ing, in -basket , demonstration , and group dynamics, help insure opti­
mum learning. 

PRE-COURSE AND TAKE-HOME MATERIALS, develop uniform degree of 
participant sophistication , increase participant involvement, and pro­
vide a dependable source for continuing reference. 

3-STEP QUALITY CONTROL SYSTEM, produces maximum effectiveness: 
(1) program design , development and presentation by recogn ized 

authorities , 
(2) review of content and format by qualified educators and func­

tional specialists , 
(3) evaluation by participants at " dry run" seminars. 

YOUR GUARANTEE OF EFFECTIVENESS 

IEI has designed, developed , and presented more than 8 ,000 qua­
lity assured programs 

IEI programs have helped more than 325,000 men and women 

IEI has served over 25,000 companies, professional societies, trade 
associations , and government agencies 

IEI conducts more than 1,200 seminar programs annually through­
out the U.S., Canada , Mexico, Puerto Rico, and Europe 

More than 95% of those who have participated in 
IEI seminars have rated them " excellent" or " good " 

······················~···································: 
Industrial Education Institute ED-567 : 

1. IMPROVING THE 7 BASIC SKILLS FOR EFFEC­
TIVE SUPERVISION (One day) - Supervisors 
often don't understand all their areas of 
responsibility. This program gives an over­
view of the basic supervisory skills, and shows 
how to apply them . 

2. BETTER CONTROL OF EMPLOYEE PERFORM­
ANCE (One day) - Two of the supervisor 's 
most important functions are measuring per­
formance effectively, and scheduling work ef­
ficiently. Program offers ,proven successful 
" tools" for establishing standards and sched­
uling work . 

3. COST REDUCTION AT THE SUPERVISORY 
LEVEL (One day) - Maximum payoff in cost 
reduction results only when qualified super­
visors implement activities. Program teaches 
cost reduction at supervisor's level - how 
it applies to him, and how he can apply it. 

4. IMPROVING THE PLANNING & SCHEDULING 
FUNCTION (One day) - " Planning work and 
working your plan " is great , but supervisors 
want to know HOW??? Program includes how 
to plan effectively and schedule efficiently; 
how to prepare reports; how to solve prob­
lems creatively. 

5. INCREASING THE SUPERVISOR'S SKILL AS A 
TRAINER (Two days)--Every supervisor must 
be able to train his subordinates. Program 
teaches how to recognize train ing need s , 
define objectives , apply sound trainin g prin· 
ciples , and implement train ing programs. 

6 . UN DERSTAN DI NG AND MOTIVATING 
EMPLOYEES (One day) - The superviso r's 
overall responsib i lity is to get more accom­
plished better through others. This program 
explains the supervisor's role in hu m an re la­
tions; teaches how to understand self and 
others , and how to motivate for improved 
performance. 

7. BASIC FINANCE&ACCOUNTING FOR SUPER­
VISORS (One day) - A practi c al short 
" course " in financial reporting . Provides an 
understanding of balance sheets, income and 
expense statements , and other financ ial re ­
ports and data . Teaches the supervisor to 
know what figures management needs, and 
how to present them . 

8 . USING FIGURES MORE EFFECTIVELY (One 
day) - Supervisors can help increase com­
pany profits by a better understanding and 
use of " numbers." Program teaches tech­
niques for improving the supervisor' s abi lity 
to think with figures, understand , interpret 
and translate them. 

9. HOW TO SPEAK MORE EFFECTIVELY (One 
day) - Every day, supervisors are making 
oral presentations - issuing orders, making 
reports, submitting proposals , and even mak­
ing formal or semi -formal speeches . Program 
teaches how·to speak more clearly, more con ­
cisely, more effectively. Not a public speaking 
course, but down-to-earth help in " getting 
across " orally. 

10. TECHNIQUES FOR MORE EFFECTIVE WRITING 
(One day) - For any supervisor whose job 
includes any kind of writing. Demonstrates 
successful techniques for handl ing basic ele· 
ments in day-by-day writing, and how t o 
develop writing skill. 

221 Columbus Ave., Boston, Mass. 02116 : -----""Ill. ANALYZING & IMPROVING OPERATING . 
Please send me_ immediately, complete information on the : 

programs I have circled: 1 2 3 4 5 6 7 8 9 10 11 12 : . 
Name __________ Title _______ _ 

CompanY------------------~ 

Street Address _________________ _ 

City, State & ZiP-----------------
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••: 

dates, locations, 
program outlines, 
registration fees, and 
other information 
about these quality 
assured seminars. 

METHODS (One day) - Program offers a 
worki ng knowledge of how to analyze present 
methods and im prove them . Includes how to 
develop a plan for improvement, how to ini t i­
ate action , and how to apply quality con ­
trol techniques. 

12. GETTING THROUGH TO SUBORDINATES -
(ONE DAY WORKSHOP AND IN -DEPTH 
INSTRUCTION )° - On communication and 
motivation techniques. Includes "briefing" 
session for participants who have not had 
prior exposure to the techniques. 



TECKFEL T EMI / RFI Gasketing and sea ling connec­
tors are die-cut from sheets of stai nless steel felt 
• Shielding effectiveness of greater than 110 db 

possible. 
• Standard available impregnated with silicone or 

neoprene. 
• Off-the-shelf delivery on many standard shapes. 
• Unusual shapes to your spec ifications. 
• Resilient, thin (to 1/ 32") 
• Off-the-shelf for MIL-STD connector shells. 

Write today for I nformat ion No. 113 

I 

East Division • 129 Dermody St. , 
Cranfo rd, N.J. 07016 (201) 272-5500 

West Divisi on • 427 Olive St. , 
Santa Barbara , Calif. 93101 (805) 963-1867 
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New! 
Double Power Jack 

e sockets 

e switches 

e Connectors 

e Glass Fuses 

e Shi el d Cases 

e Fuse Holders 

e Lamp Holders 

e Lamp Sockets 
Earphone Jack e sinding Posts 

TMI 0953 S-G 5000 

e Lead Connectors 

e Terminal Strips 

e Clips, Tips & Jacks 

e other Components 

SHOWA MUSEN KOGYO CO., LTD. 
5 5 6 -CHOME TOGOSHI SHINAGAWA - KU, TOKYO , JAPAN 

TEL 1783 1 11 71 CABLE "'SHOWAMUSEN .. 
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SODECO 

ACCURATE 
BATCH COUNTING 
AND CONTROL 
The Sodeco Predetermining Counter provides visual 
in-line count and a control function in a single, com· 
pact unit. It presets to any number from 1 to 9999, 
and after the preselected number of counts have 
been registered, a switching action to the next batch 
counter is provided by means of the counter's SPOT 
contact and by its external batching relays. Auto· 
matic reset to the original preset number is provided 
for all batch counters. One batch or ten thousand 
batches-the Sodeco Predetermining Counter pro· 
v1des the accuracy and reliability needed for batch 
cou.nting, and at a low cost. The counter operates at 
yanous DC voltages while counting speeds of 10 or 25 
!mpulses/ second can be obtained. Sodeco Batching 
is your number one choice for speed, reliability and 
accuracy. 
Send for Bulletin No. 401. 

LANDIS & GYR, INC. 
45 West 45th Street, New York, N.Y.10036 
Tel. (212) JUdson 6-4644 TWX (710) 581 -5888 

thin 
wall 
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Silicone Rubber Sleeving 
Space-saving thin wall construction and precision ID dimen­

sions make V arglas Silicone Rubber Sleevings the best answer 
for miniaturization. Highly flexible with dielectric strength up 
to 8,000 volts, Varglas resists deterioration, cracking, crazing, 
and "cut through" in temperature from minus 70° to plus 
400° F. Meets government specification MIL-1-18057 A. 

A complete range of sizes from .010" to 3" ID, in brilliant, 
non-fading colors for instant coding identification. Comes in 
coils, spools or 36" lengths for off-the-shelf delivery. Of course, 
V arftex engineers are always ready to work with you at any 
time to develop the special sleevings and tubings you need for 
your applications. No obligation or charge for this cooperation. 

• Write for free folder containing test samples 

v~ .... """' , ..... .. 
VARFLEX SALES CO ., INC . • 331 N. Joy Street, Rome , N. Y. 
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ENGINEERS: 
UNIVAC and you : 

words to program 
a career by ... 

''Boot 
St~ 

"BOOTSTRAP" (noun). 
To a programmer this word has its standard 
te chn ical meaning. of cou rse . In terms of 
your career outlook too. the first steps are 
a bootstrap kind of an operation . You 've got 
to pull yourse lf up and make the first move . 

You probably know that UNIVAC is the 
number one technical leader in the com­
puter field. You may also have heard that we 
are on the grow and looking for top flight 
engineers and technic ians right now in .. . 

• Advanced Electronic Circuit Studies 
• Integrated Circuits and Thin 

Film Studies 
• Ultra-High Speed Integrated 

Circuit Interconnections 
• Computer Manufacturing 

Engineering 
• Advanced Mechanical Design 

Engineering-Rotating Apparatus 
But the bootstrap effort has to come from 

you . If you have the initiative to write us 
outlining your qualifications and experience. 
as well as what you hope to grow into in the 
future. we'll do our part and tell you every­
thing we can about opportunities here . 
Wrile : John D. Hallenberg. Employment 
Ma nager, Dept. 507 . 

Write today and make an 
appointment with tomorrow. 

UNIVAC 
DIVISION OF SPERRY RAND COAPDAATIDN 

data processing division 
2276 highcrest drive 
roseville, minn. 55113 
telephone 612-633-6170 

An equal oppo rtun ity employer M/ F 

Circle No. 885 of Special Engineering 
Placement card in back of magazine. 
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Join the Vent-Rak Revolution with this frame! 

If you're shooting for rugged strength and ultimate versa­
tility in electronic packaging, Vent· Rak has just what you're 
looking for! 

Unbelievably strong, this frame is the basis for Vent-Rak's 
5000 Series Electronic Cabinets, offering component inter­
changeability, quick accessibility, and easy assembly. Sepa­
rate frames may be joined together to form bays, meeting 
practically any commercial electronic packaging require­
ment . . And, a complete range of accessories and options 
will round out your package. 

Find out about the newest , most eco­
nomical cabinet available that takes 
shape around this revolutionary lrame. 
Available through industrial distribu­
tors , or write: 

VENT-RAK, INC. 
525 South Webster Avenue 

Indianapolis, Indiana 46219 
-.=..z: ~ 
L""- ® 

_Circle No. 242 on Reader-Service Card for more information . 
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RESOLVING POWER TEST TARGETS 
Resolving Power Test Targets have been designed and 
produced for U.S.A.F. under contract , for American 
Standards Association Resolut ion Chart and National 
Bu reau of Standards Microcopy Resolution Test Chart 
. . . High and low resolut ion t argets are available - low 
targets in high , medium and low contrast. Special Res­
olution Chart Targets are made on 35 mm film in 20 
foot rolls. Specialized targets to custom specification. 
Send us your req ui rements in sketch or blue print -
we will rush quote. 

EUCKBEE/~EARS@~1 
CO~FANY ·. ' 

245 E. 6th ST. / SAINT PAUL, MINN. 
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SYNCHRO-TO- DC CONVERTERS 

Here's a new complete line of 
Synchro-to-DC Converte rs which 
accept the output of a standard 
3-wire, ungrounded synchro sta­
tor and prov ide DC vo ltage out­
puts corresponding to sine and 
cosine, arc -tangent, or linear 
DC output proportional to shaft 
angle. 

Performance - Natel 's synchro 
converters provide accuracies 
consistent with present sophis­
tlcated sys tem requi rements , 
± 3 mi nutes of arc (typical ). 

Flexibility - DC vo ltage or cu rren t 
outputs are available t o operate 

with virtually al l digital co n­
ve rsion or direct reading equip­
ment. 

Reliab i l i ty - Sol id state des ign. 
Minimum compo nent comple­
ment by eliminat ing unn ecessary 
log ic. Uni ts comply with MIL-E-
5272, E-5400 and T-21200. 

Price - Elimi nation of digi tal data 
conversion components signifi ­
cantly reduces un it cost. Units 
are des igned and priced fo r di­
rect coupling to synch ro. 

Input : 11.8 vrms line t o l ine or 
90 vrms line to line 400 hz 
±20 hz. 

Input Impedance : 100 K l ine t o 
l ine. 

Output: O to ± 5 or ± 10 VDC. 
Frequency Response : 20 hz (f lat) . 

NATEL E NGINE E R ING CO., INC. 
71 29 Gerald Ave. • Van Nuys, California 91406 • (213) 782-4161 
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230 VARIETIES 
OF MOLDED NYLON 

SCREWS& 
NUTS 

STOCKED FOR 
SAME DAY SHIPMENT 
• 7 Head styles 
•Thread sizes 1-72 to }4-20 
• Wide variety of 

standard lengths 
•Black or natural 

FREE samples and prices on request. 

COMPANY, INC. 
4 444 West Irving Park Road 

Chicago, Illino is 60641 
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/12025 WITH PAINTED FRON T PANEL 
ANO FOUR SI DES . 
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" 

#2025 BEHIND PANEL WITH BEZEL 

CUSTOM 
PANEL 
METERS 

HOYT FAMOUS 
Hi-Torque Movements 
IN CHOICE OF CASES 
AND MIRROR DIALS 

Custom des ig n is yours wh en 
you speci fy Famous Hoy t H i-t orque 
meter movements. 

From 1 1/ 2 " throug h 8 1/2 " , you ca n 
choose th e " right " style for your 
panels - painted w ith choice of 
colors for a really a ttract ive look. 

Both 2 % AC repulsion type and 
D'Arsonva l DC type meters have the 
new longsweep scale with easy-to­
read nume rals and mirror dia ls for 
accurate readings. Tru ly d istinctive . 

Speci fy Hoyt quality meters 
for dependability on your 
next requirement today! 

NEW i1680 41/2" SMARTLY STYLED For more details 
BAKELI TE METER . write for condensed catalog today! 

HOYT ELECTRICAL INSTRUMENT WORKS, INC. 
BURTON-ROGERS COMPANY I Sales Division 

40 Carleton St., Cambridge, Mass. 02142 
(617) 491 -7400 
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NEW! 

MUSIC WIRE 
h•. Sp.c. QQ·W..470 

STAINLESS STEEL 
h•. Spn . QQ-W-'U 

INCONEL 
,_4. s,.c. 99-W-1'0 

MANY NEW ADDITIONS 
IN OUR FREE 
STOCK SPRING CATALOG 

LEE SP·R'~~~ .. ~O_MPANY . Gt 
'I" e .,. ~ • n " " •I~"",: ~II 

ORDERS 
RECEIVED 
BEFORE 2 PM 
SHIPPED 
SAME DAY 

Over 2500 spring designs with complete 
engineering data on each spring. 
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COMMUTATING S~ 
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• Fully illustrated 
• Schematic drawings 
• Techn ical data 

and info rmation 
• Product appl ication 
• Product descriptions 
• Specif icat ions 

~-------1 ••• CAUTION •a• 
RADIATION PRODUCING 

EQUIPMENT 

Wear Proper 
Protective Clothing 

There's a [3[i)rJ[!][j Application­
Engineered Nameplate For Every Need 
Brady offers a variety of constructions to meet any need for 
durable, permanent self-bonding nameplates for product 
identi fication, instructions or precautionary messages. Our 
factory-tra ined representative wi ll help you determine the 
material best suited to your needs : Sub-surface printed Mylar• 
or vinyl plastic; colorful anodized aluminum; surface-printed 
Mylar or aluminum foil. A wide range of special fi nishes 
and patterns are available for decorative effects. Self-bonding 
adhesive nameplates will stick permanently wi thout nai ls, 
screws or moistening and will last the life of your product. 

Write for big, new Nameplate catalog with specifications 
and ordering information. *ou•oNT ' s REG. T . M . 

2 5 03 4 

W . H. GJllJfll!]i] CO., 735 W . Glendale A ve., Milwaukee, Wis. 53209 

Manufacturers of Qual ity Pressure-Sensi t ive Tape Products, Identif icat ion and Label· 
ing Systems, Self· Bonding Nameplates, Automatic Machines for Dispensing Label s, 
Nameplates, Masks and Tape. Est. 1914 
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NEW 
High Voltage 
Reed Relay 
Switches 5000 V 

low cost 
Reed relay 
Reliability 

Rated SOVA at 5000v 
max. or 3 amps. max. 

Life Expectancy-
20 million cycles at 

rated load. 
7/e" ti (above mounting ba se) 

1~tib" w, 4V2" long. 

MAGNECRAFT 102V High Voltage Reed 

Newest addition 
to the largest 
selection of 

Mercury-Wetted 
Contact and 

Dry Reed Relays 

Send for 
Catalog. 

•Contacts of special material, high vacuum 
sealed. 

• Contact leads soldered to rigid terminal 
posts-prevents stresses that affect relay 
adjustment. 

• Nylon bobb in and epoxy resin terminal 
board provide great dielectric strength and 
resistance to moisture absorption. 

• Internally insulated metal cover provides 
electrostatic shielding; also protects relay 
from stray magneitc fields and mechan­
ical injury . 

• Stocked for immediate delivery with coils 
for standard operating voltages. 

1®r!eJ~l(ljif41i• Electric Co. 
5575 N. Lynch, Chicago, Ill. 60630 (312) 282·5500 
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IBIR IAIDltl Self· Sticking 
WIRE MARKERS 

2 

ll 10 11 12 13 14151.6 17 lJ! lll 20 21 22 23 24 25 26 
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ll 10 11 12 13 14151.6 17 lJ! lll 20 21 22 23 24 25 26 
ll 101112131415.1§17lllll20212223242526 
ll 10 11 12 13 14 151.6 17 lJ! lll 20 21 22 23 24 25 26 

Engineered to Withstand 
Severe Environments! 

Markers with natural, synthetic or thermosetting adhesives 
stick tight to wire insulations - withstand rugged environ­
mental conditions. Specify from a variety of materials that 
resist heat , abrasion, oil , moisture, chemicals ... in polyester 
film , plastic cloth , reinforced plastic, aluminum foil, acetate 
cloth, glass cloth , many others. A wire marker for every need; 
a size for every wire. Markers are dispenser card mounted for 
fast, positive "around-the-wire" identification. See for your­
self: write for free testing samples and Bull. 100-A. 

AO NO. 1 10154 

W. H. l!Jli)fJl!J[jco., 735-A W. Glendale Ave., Milwaukee, Wis. 53209 

Manufacturers of Quality Pressure-Sensitive Tape Products, Identification and 
Labeling Systems, Self-Bonding Nameplates, Automatic Machines for Di spensing 
Labels, Nameplates, Masks and Tape . Est. 1914 

Circle No. 251 on Reader-Service Card 
For immediate sales contact, Circle No. 857. 

198 Advertiser's Inde x 

ADVERTISERS' INDEX 

Potter & Brumfield Div., 
American Machine & Foundry Co. 

Grant Schwenck & Baker, Inc . 
Precision Paper Tube Co. 

T. W. Blakeslee Advertising 
Pyle-National Co. 

Robert Vogele , Inc. 

RCA Electronic Components & Devices 
Al Paul Lefton Co., Inc. 

RCL Electronics, Inc. 
Morvay Advertising Agency 

Robinson/Nugent Electronics, Inc. 
Creative House, Inc. 

Rogan Brothers, Inc. 
Kennedy-Heyne & Thorne, Inc . 

Rockbestos Wire & Cable, Cerro Corp. 
Marsteller, Inc. 

Rotron Mfg. Co., Inc. 
Lescarboura Adverti si ng, Inc. 

Sage Electronics Corp. 
Mathison Advertising, Inc. 

Sankyo Seiki Mfg_ Co. Ltd. 
Shinwa Adverti si ng Co. Ltd . 

San Fernando Electric Mfg. Co. 
Writing & Advertising, Inc. 

Sangamo Electric Co. 
Winius-Brandon Co. 

... 100, 101 

54 

... 56 

45, 117, 153 

.. 171 

.. 192 

.. 199 

60 

148, 185 

. 16 

... 182 

171 

. .. 178 

Sarkes-Tarzian, Inc. . 166 
Stral Ad vertising Co., Inc. 

Schjeldahl, G. T., Co., 
Electrical Products Div. . ....... . .. . ... . . . .... 183 
Glasseal Products Co., Inc. . 52 

Erle Savage Co. 
Scientific Data Systems 6 

Doyle Dane Bernbach Inc . 
Scionics Corp. 

Burress/ Advertising 
Secon Metals Corp. 

Walter J . Zimmerman Associates , Inc. 
Semicon, Inc. 

L. K. Frank Co., Inc. 
Semtech Corp. 

Burress / Advertising 
Showa Musen Kogyo Co., Ltd. 

91 

.. . 184 

187 

144 

194 
General Advertising Agency 

Sigma Instruments, Inc. ........ 134 
Marsc halk Co. , Inc. 

Signalite, Inc. . 186 
McCarthy-Scel ba -DiBiasi Advertising 

Silicon Transistor Corp. 80 
A. D. Adam s Advertising, Inc. 

Simpson Electric Co. . . 121 
Amerad Advertising Service, Inc. 

Sola Electric, Div. of Sola Basic Industries ... 29 
Marste ller, Inc. 

Sperry-Rand Corp., Univac Div. 195 
MacManus, John & Adams, Inc. 

Sprague Electric Co. . ... 9, 10 , 33 
Harry P. Bridge Co. 

Statham Instruments, Inc. . .. 141 
Peterson Advertising 

Superior Electric Co. . . . . . . . . . . . . 142 
Sutherland·Abbott Advertising 

Sylvania Electric Products, Inc. 
Special Purpose Lamps ... 158 
Miniature Lamp Dept. 167 

Tatham- Laird & Kudner, Inc. 
Synthane Corp. 78 

Arndt- Preston , Chapin, Lamb, & Keen , Inc. 
Syntron Co. . .... 123 

DeSales Advertising, Inc. 

TDK Electronics 
Fuji Limited 

Technical Wire Products, Inc. 
Ray Ellis Advertising Corp. 

...... . 74 

194 

Now, from CML, comes a series of the smallest 3-phase 
Electronic Frequency Converters ever made . . . featuring fixed or 
adjustable plug-in oscillators at frequencies ranging from 45 
to 6,000 cycles. Write today for details on Models T500A 
through T2500A! 

3 ,B' Dimensions 
Model OutputVA (For standard 19" relay rack mounting) 

T500A 500 8%" h x 21" d 

T750A 750 14" h x 21" d 

T1200A 1200 14" h x 21" d 

T1750A 1750 14" h x 21" d 
T2500A 2500 14" h x 21" d 

•2d~nn!-:~n!~~c~ 
350 Leland Avenue • Plainfield, New Jersey 
Telephone (201) 754-5502 • TWX: 201-756-2_064 
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NEW 
Panel 

-= Fastener 
• • Concept 

NO RECEPTACLE 

Minimum space 
required 

Uses plain 
drilled holes 

Resists vibration 

Lovv installed 
cost 

E}cp~NDO 
GRIP ®···-

PANEL FASTENER 

P IDJUSTABLE ti •••• CORP. 
11905 Vose Street 
North Hollywood, California 9160~ 
T•k: (219) 989-1861 / 875-!916 

SEND FOR 
NEW CATALOG 
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Simple, versatile, space-saving, 
noncontacting, fail-safe, easy-to-read, 
electronic control meter 

We put a lot of f ine-soundin g adjecti ves in front of our elec tron ic 
control mete r. Because our reputation for lead ership in contact­
less controls and ed gewise m ete rs stand s be hin d it . 

Con sid e r versatility. We can suppl y a control meter to control 
virtua lly an ythin g you can m easure electricall y. You can have it 
with eith er tri gge r or anticipatin g on-off control signa ls. W ith rela ys 
or oth e r fin a l control elements. With a w ide c hoice of current, 
voltage , or tem perature rang es . Or w ith slip-in interc han gea ble 
scales (above) for fl exibility in breadboa rdi ng o r testin g applica­
t ions. Even w ith an in ex pen s ive plu g-i n ada pte r that complete ly 
rea rra nges your output signa l fo rmat. 

Our com pact ed gewise control m et e r g ives you u p t o a two- third s 
savings in pan el space , an anti-para lla x bi -level sca le , and all -new, 
all-silicon c irc u itry . Our Bulle t in 389 gives you all the detail s. W·"· 
for a copy. 

i11ter11ational instr11111e11ts ine. 
8708 Marsh Hill Road • Orange, Connecticut 06477 

3441 
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MITSUMI UHF 
TV TUNER 

outrating international 
tuner standards! 
Far outrating the FCC and VDE specificat ions. which are widely pre ­
vai l ing in the World as telecommunication standards, the MITSUMI 
U HF tuner only radiates spurious signals less than 33.5 dB below 
t he reference field strength . Material . plating, soldering, as well as 
t he proprietorial circuit design are the technical achievements by Ml­
TSUMI based on a long -term fundamental research. 
By vi rtue of high compactness, light-weight, outstanding durability 
and overall use of sil icon transistors. the MITSUMI TV -tuner has 
made possible of min imum frequency drift due to temperature vari­
ation . And also, the MITSUMI TV -tuner is made available to tube­
type TV sets. 

~ UHfTYILl\tr UHflYtooer 
Sp U-ES12Blorllropmcllannel UK-432 tor Amencan Chaooel 

Gain (dB) - 10 min . - 10 min. 
Noise figure(dB ) 16 ma x. 14 max. 
Image ratio (dB) 35 min . 30 min . 
IF re jection (dB) 55 min. 60 min. 

Frequency sta bility Ttmperat11e stability : 800kc al 20 .i J0°C lempeu11.re Stab~1ty : !::kc a1 25- 65 °C 
Yolta(tStabilily: + 400kcat llV"": I.IV YollaltStablllty : I IOOkc al llV _j: TY 

Ou ter dimensions (mm) I 46 .5 x 50 x 19 51 x 62.5 x 24.5 

MAIN PRODUCTS 
• Polyethy lene var iable capacitors • IF Transformers • M icromotors • Synchro­
nous motors • Front-end FM tuners • UHF & V HF TV tu ners • CdS photocon ­
duct ive cells • Trimming potent iomet ers • Various types of coi ls • Var ious types 
of sockets • Tr immer capaci tors • Var ious types of terminals • Fuse holders 

MITSUMI ELECTRIC CO.,LTD. 

rl E u rope Office ~lanenstrase 12, Dusseldorf. \\t. Germany. 

MI Ts U MI Mai n Office1 1056 Koadach1, Komae·machi, Kitatama·gun, 
Tokyo, Japan . Te l : 415-6211 

Mitsumi Electron ics Corporation/ ll Broadway, 
New Yor k 4, N.Y.10004, U.S.A. Tel: HA-5-3085,3086 
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Westinghouse Electric Corp. . . 49, 161 
Semiconductor Div. 
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Save money ... design with 

STAMPINGS! 

Use low cost stampings in your product design in place of 
expensive castings or fabricated parts. Th en specify Fed­
eral Stampings as your suppl ier . Get quality parts that do 
the job better ••• and get them faster •• , at a saving! 

FREE STAMPING TIPS FOLDER shows 22 ways to save money by 
part design. Write for your FREE copy today! 

2009 W . 94th St. 3109 Tyrone Boulevo rd 

Minnea po lis, Minn . St. Petersburg, Fla. 

I 13609 Soticoy St. 

Von Nuys , Calif. 91 402 

1409 Emerson St. 

Roc heste r , N ew Yo rk 

EDERAL STAMPIN6S 
A DIV ISION OF DORIC CORPORATION 

AMERICA'S LEADING PRODUCER OF SHORT RUN STAMPINGS 
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Control Knobs 
by 

I :C:.c:::19 C3 rm"\ 
The <.Aristocrat of the Knob Industry 

EXClUStVE DESIGNS 
AVAILABll ONLY FROM ROGAN 

Wortd's fine~t ~riobs available from stock molds. Wide range of sizes, 
shapes an(I colors. No tool costs. Preferred by leading design engineers 
everywhere, Make Rogan your knob headquarters. Write for catalog. 

'FCCJ9.::::1r"\ 8031 N. MONTICELLO AVE. 
SKOKIE, ILLINOIS 60076 

BROTHERS, INC , 

Specializing in Stock Molded Knob s S i nce 1939 
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The Predictables. 

NPN planars from ITT are "shot from guns" 
to prove they can take 

more abuse than they'll ever get 

Before any ITT small signal transistor goes to fi na l 
test, our "air rifle" slams it against a plate with 30,000 
G 's of shock. Then every ITT "predictable" is auto­
matically tested fo r all DC & dynamic parameters. 

That means you can buy popular t ransistors like 
the 2N2222, 2N2369A, 2N3725 and 2N3014 famil ies 

with complete conf idence. If there 's one out of spec, 
we f ind it . .. you don 't. The ones you get from your 
ITT distribu tor or factory representative will be 100% 
re liable. Why not order some today? ITT Semicon­
ductors is a D ivision of International Telephone and 
Telegraph C orporation. 

transistors ITT 
FACTORIES IN WEST PALM BEACH , FLORIDA; PALO AL TO, CALIFORNIA; LAWRENCE , MASSACHUSETTS; HARLOW AND FOOTSCRAY, ENGLAND; FREIBURG AND NURENBERG, GERMANY 

Circle No. 258 on Reader-Service Card for more information. For immediate sales contact, Circle No. 855. 



DALE can do a better job of 
making the BOBBIN you need 

Specify Dale when you need the stability of 
a wirewound bobbin resistor. Here's why: 
1. BETTER BASIC CONSTRUCTION 

New molded bobbin spool has thermal 
expansion coefficient matched to re­
sistance wire .. Simplified element uses 
integral end cap to provide reliable 
stress-free termination area. All models 
meet applicable requirements of MIL­
R-39005 and MIL-R-93. 

2. BETTER WIRE QUALITY 
Procured under same standards used 
in Dale's famous Minuteman High Re­
liability Development Program. 

3. BETTER ALL-MOLDED PROTECTION 
Special Dale-developed molding com­
pounds provide solid, high-density pack­
age; pass salt water immersion test. 

4. BETTER "SPECIAL" CAPABILITY 
High-rel. models with special screening 
and acceptance testing. Multiple bobbin 
networks. Pairs matched for stability 
and T.C. 

MWA & WWA SERIES BOBBIN SPECIFICATIONS 

DALE TYPE 
MIL-R-93 POWER RATING RESISTANCE RANGE DIMENSIONS 

TYPE (WATTS) (1 % TOLERANCE) (L. x D.) 

MWA-8 - .1 1 ohm - lOOK ohms .250 x .078 
MWA-10 - .125 1 ohm - 160K ohms .312 x .078 
WWA-13 - .125 1 ohm - 311K ohms .375 x .125 
WWA-22 - .15 .1 ohm - 600K ohms .250 x .2 50 
WWA-23 RB-56 .15 .1 ohm - 650K ohms .375 x .2 50 
WWA-24 RB-55 .20 .1 ohm - 900K ohms .500 x .2 50 

WWA-26 RB-54 .25 .1 ohm - 1.72 Meg. .750 x .2 50 
WWA-36 RB-53 . 33 .1 ohm - 4 Meg . .750 x .375 

WWA-38 RB-52 . 50 .1 ohm - 5.4 Meg . 1.000 x .375 

Standard Tolerances: 1 %, .5%, .25%, .10%, .05% 
Load Life: .5% Max.t.R in 1500 hours at MIL-R-93 conditions. Power 

ratings may be doubled for commercial applications. 

Operating Temperature: -55° C to + 145° C 
Special Modifications Available: Tolerances to .005%; Matched Resistor 

Tolerances to .001 %; Special TC's to ± 2 PPM)°C; Special 
Matched TC's to an accuracy of 1 PPM/°C. 

FOR MORE INFORMATION, CALL DALE - 402-564-3131 
OR WRITE FOR NEW RESISTOR CATALOG A 

~ DALE ELECTRONICS, INC. 
~ 1352 28th Ave. , Columbus, Nebr. 68601 

In Canada: Dale Electronics Canada, Ltd. 

Circle No. 259 on Reader-Service Card for more information. For immediate sales contact, Circle No. 856. 
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